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Abstract- The selective catalytic reduction (SCR) system is exhaust emission control system used for reductions of nitrogen 

oxide (NOx) emissions in diesel engines with the help of catalyst and reductant. Hydrocarbon-selective catalytic reduction 

(HC-SCR) is a system in which hydrocarbons such as ethanol, propanol and pentanol are used as reductant. In this empirical 

study, synthesizing of catalyst for HC-SCR systems was carried out with impregnation method. In order to prepare solution, 

a mixture including silver nitrate (AgNO3), titanium dioxide (TiO2) and oxalic acid (C2H2O4x2H2O) and tetra ammine 

palladium (II) nitrate solution (Pd(NO3)2.4NH3) were used to coat the cordierite (2Al2O3-5SiO2-2MgO) structure. Thus, the 

production of catalyst containing Ag, Pd and Ti was realized. Various analyzes were carried outto determine morphology of 

catalyst with Scanning Electron Microscopy (SEM), to determine the surface area of the catalyst with Brunauer, Emmett and 

Teller (BET) method, and in order to detect Ag-Pd-Ti coating materials in the catalyst with Inductively Coupled Mass 

Plasma Spectrometer (ICP-MS). Oxalic acid treatment has a significant effect on the expansion of the surface area of the 

cordierite.The coating materials is seen to cling on the main structure surface and pores. Moreover, distribution of these 

materials on the main structure surface and pores is homogeneous. 
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I. INTRODUCTION 

 

The greenhouse effect displays a big role in shaping 

the earth’s climate. Human activities, particularly the 

use of burning of fossil fuels have promoted to the 

enhancement of the natural greenhouse effect and 

lead to increase concentration levels of greenhouse 

gases in the atmosphere. The important gases released 

through human activity are CO2, methane, oxides of 

nitrogen (NOx), fluorinated gases. Greenhouse gases 

in the atmosphere are harmful because they enhance 

and enable to climate change. Different conditions 

cause climate change, environmental and air 

pollution. Transport is the essential sector which 

cause these circumstances [1]. Most of the vehicles, 

especially motor vehicles and emissions from these 

vehicles, add importantly to the levels of greenhouse 

gases in the atmosphere[2]. Transport is the second 

biggest sector in occurring international CO2 

emissions with a range of 22%. Due to the fast 

enhance of motor vehicles and very limited use of 

emission control techniques, transport surfaced as the 

largest source of air pollution which cause very 

important health problems in the world [1]. Diesel 

engines have several advantages compared to 

gasoline engines because of their low operating costs, 

energy efficiency, and bigger durability.  They are the 

main source of commercial transport vehicles. But 

there are some drawbacks, the main factor of this 

situation is they cause air pollution. Specially, diesel 

engines, diesel exhaust gases possess higher amount 

of particulate matter and NOx emissions and these air 

pollutants cause air and health problems. Because of 

this problems, ground level ozone, acid rain will 

occur.CO, HC, NOx and PM are four main pollutant 

emissions which occurred from the diesel engines and 

vehicles. The pollutants have harmful effects. They 

cause cancer, greenhouse gas effect, long cancer, acid 

rain. Some methods are used to prevent and eliminate 

these four main pollutant emissions such as DOC, 

DPF and SCR. Three main different emission control 

systems are applied as diesel oxidation catalyst 

(DOC) to control CO, and HC emissions, diesel 

particulate filter (DPF) to control PM emissions and 

selective catalytic reduction (SCR) to control NOx 

emissions [3]. Selective catalytic reduction is the 

essential technique to reduce NOx emissions [4]. It is 

specially improved for high-duty engines but also it 

has been used for light duty engines lately [1]. SCR is 

used to decrease NOx emissions in the exhaust gas to 

utilize ammonia as the reductant. There are some 

SCR technique but Ammonia-SCR is the most 

common type of SCR technique due to its high 

conversion efficiency. Ammonia is occurred from the 

aqueous urea solution called AdBlue to hamper NH3 

from burning at great temperatures. This solution is 

obtained from mixing of 33 % urea (NH2)2CO and 67 

% pure water by mass [5]. The urea chemistry is 

shown in Figure 2. Although there are several 

advantages of liquid ammonia, some manufacturers 

agreed on urea as a common reducing agent for 

which an infrastructure will be built. Urea is 

transformed into ammonia via hydrolysis that is 

performed thermally in the exhaust pipe or by using a 

special catalyst [4]. 

 
Fig. 1The decomposition of urea [4] 
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There are two main processes in SCR. Hydrolysis and 

thermolysis are the essential processes. Equation 1 for 

the hydrolysis process and Equation 2 for the 

thermolysis process summarizes the two processes 

[3]. 

𝐻𝑁𝐶𝑂+𝐻2𝑂 →𝑁𝐻3+𝐶𝑂2 1 

(𝑁𝐻2)2𝐶𝑂→𝑁𝐻3+𝐻𝑁𝐶𝑂  2 

 

After the hydrolysis and thermolysis process, the 

following are the chemical reactions which take place 

in the SCR catalyst as indicated by Equations 3, 4 and 

5.  

 

4𝑁𝑂+4𝑁𝐻3+𝑂2→4𝑁2+6𝐻2𝑂 3 

2𝑁𝑂+2𝑁𝑂2+4𝑁𝐻3→4𝑁2+6𝐻2𝑂 4 

6𝑁𝑂2+8𝑁𝐻3→7𝑁2+12𝐻2𝑂 5 

 

Hydrocarbons can be applied as the reductant instead 

of ammonia in SCR applications. This is the HC-SCR 

method and it is widely investigated and focused by 

many researchers. Owing to the existence of 

hydrocarbon in the exhaust gas (passive mode) or in 

the injected fuel itself (active mode), it is a relatively 

simple to apply it to the passenger vehicles [1]. This 

method is very useful because proposed catalysts are 

able to operate both in the high temperature regions 

(> 350 °C) and low temperature regions (< 350 °C) 

[6]. 

 

V2O5-WO3/TiO2 is the most common structure which 

used catalyst species in SCR systems. It is commonly 

used but there are some disadvantages such as this 

catalyst does not perform very well at low exhaust 

temperature. Also, there are some negative results 

such as this catalyst can cause negative effects on the 

air pollution and human health [3].There are many 

studies which were used several various 

materials(CeO2-TiO2, Cu /Al2O3, NbCe, Fe-MFI, Fe-

ZSM5, Cu-ZSM5, Ag/Al2O3) have been tested as 

catalyst for SCR systems [7]. Cho et al investigated 

that bifunctional Ag based catalyst supported the 

process of oxidation of NH3 to N2, while enhancing 

the NOx performance of the conventional HC-SCR, 

especially at low temperatures [8]. Kang et al 

revealed that manganese oxides with small amounts 

of copper oxide having high surface area were the 

most effective catalyst for low temperature NO 

reduction with NH3 in the availability of SO2 [9]. 

 

Some studies were processed by different researchers 

above mentioned. But there are stillgapin order to 

understand the nature of Ag and Pd based SCR 

catalyst. The aim of the present study is to investigate 

the characterization of the Pd based SCR catalyst. In 

SCR catalyst production process, a lot of chemical 

matter such as silver nitrate (AgNO3), titanium 

dioxide, oxalic acid and tetra amine palladium (II) 

nitrate (Pd (NH3)4(NO3)2) were used. These nano 

particles were utilized in order to coat on the 

cordierite structure (2Al2O3-5SiO2-2MgO). 

Moreover, the characterization of catalyst was 

determined by some techniques. Surface 

morphologies of the catalyst were examined using 

Scanning Electron Microscopy (SEM).Inductively 

Coupled Plasma-Mass Spectrometry (ICP-MS) was 

used in order to determine Coating and mainelements 

such as Ag, Pd, Ti, Al, Si and Mg. Furthermore, the 

specific surface area of the catalyst was calculated by 

Brunauer-Emmett-Teller (BET) method. 

 

II. MATERIALS AND METHODS 

 

2.1Catalyst Preparation 

Production of catalyst was carried out using the 

infrastructure of the laboratories belonging to 

Automotive Engineering of Cukurova University. In 

the catalyst production, cordierite (2Al2O3-5SiO2-

2MgO) and monolith main carrier structure was used. 

The carrier structure was obtained commercially. 

Because of its superior hydrothermal stability, low 

cost and lower thermal expansion coefficient in 

comparison with other constructions, this structure 

was preferred in this experimental study. 

 

Impregnation method was used to prepare the catalyst 

sample. This structure has 400 cells per square inch. 

Firstly, it was pretreated with oxalic acid in order to 

increase the surface area of the cordierite (2Al2O3-

5SiO2-2MgO) structure. Secondly, in order to prepare 

solution, a mixture including silver nitrate (AgNO3), 

titanium dioxide (TiO2) and oxalic acid 

(C2H2O4x2H2O) by weight of 5.91, 50 and 17,3 g 

respectively and tetra ammine palladium (II) nitrate 

solution (Pd(NO3)2.4NH3) by volume 7.17 ml was 

dissolved via ultrasonic stirrer in 500 ml of distilled 

water. After then, it was stirred by heating in a 

magnetic stirrer at 90-95 °C in order to remove the 

water of the solution. It was dried for 1 hour in an 

oven at 110 oC in order to remove the water 

completely. In the next step, calcination was carried 

out for 4 hours at 550oC and then ground to obtain 

powder catalyst. 40 g of the powder catalyst obtained 

by this method were mixed in 500 ml of distilled 

water and a solution containing Ag, Pd and Ti was 

prepared. The pretreated cordierite was immersed in 

the prepared solution and the pores closed during 

immersion were opened with a compressed air gun. 

Finally, the coated cordierite was dried in an oven at 

110 °C for 1 hour and then calcined at 550 °C for 3 

hours. Thus, the production of catalyst containing Ag, 

Pd and Ti was performed. 

 

2.2 Catalyst Characterization 

Thesurfaces of 

cordieriteandsynthesizedcatalystwereanalyzedby 

SEM/EDX at CukurovaUniversity Central Resear-

chLaboratory (Cumerlab). The SEM deviceused is 

Quanta FEG 650 model havingmagnificationrange of 

6-1000000x. Non-
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conductivesamplesareexaminedbycoatingwithcon-

ductivematerial at a thickness of about 2Å/sec. 

Qualitativeandquantitativeelementalanalysiswereperf

ormed on thesamplebyusingthe EDX spectrometer in 

theinstrument. Thesurfaceareaanalysis of 

cordieriteandsynthesizedcatalystwereconductedusing

Sorptometer KELVIN 1042 (COSTECH Instruments) 

device at Cumerlab. 

ThesearearesultswerecalculatedbyBrunauer- Emmett-

Teller method. ICP-MS represents a well-

knowntechniquefordetectionandquantification of 

elementsandmetals in 

thesamplesthankstoabilitytodeterminemanyelements 

 

III. RESULTS AND DISCUSSION 

 

3.1. BET SurfaceAreaResults 

 

The BET data for the 

cordieritestructureandsynthezisedcatalystaregiven in 

Table1. 

 

 
Table1. BET analysis of cordieriteandAg-Pd-Ti catalyst 

 

The BET specificsurfaceareas of 

synthesizedcatalystandcordieriteareabout 19.07 m2/g 

and 104.715 m2/g, respectively. 

Comparedwiththecordierite main structure, an 

decrease of about 82% in the BET surfacearea of 

thesynthesizedcatalystwasobserved. Furthermore, the 

Langmuir surface are as based on 

monolayeradsorption of 

synthesizedcatalystandcordieritearefoundto be 25.228 

m2/g and 127.847 m2/g, respectively. 

Themicroporevolume of 

thecordieritestructurewasmeasured as 46.864 mm3/g, 

whereasthisvaluewas 0.301 mm3/g 

forthesynthesizedcatalyst.  

 

3.2. SEM Analysis Results 

 

The SEM images of 5000x and 10000x sizes of 

cordieriteandsynthesizedcatalysts are shown in 

Figure2. Figure2showsthatthecordierite has an 

irregularsurfacewith a largenumber of unevenpores. 

Whenthe SEM imagesareexamined, silver, 

palladiumandtitaniumnanoparticlesareobservedtoclin

g on thesurface of thecordieritestructure. 

Themorphologicalstructure of thecatalystaftercoating 

has not changed, but it is 

determinedthatthereareaggregation, sphericaland oval 

shapes on itssurface. 

 
(a) 

 
(b) 

 

 
(c) 

 
Fig. 2 SEM images of cordierite (a-b)andAg–Pd-Ti catalyst (c-d) 
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The mapping results confirmed the SEM 

imagesresultsgiven in Figure3. Redspotsthat 

correspond to the silver particles (Ag), 

thegreenspotsthatcorrespondtotheplatinum (Pt) 

andthepurplespotsthatcorrespondtothetitanium (Ti) 

can be alsoseen in Figure3. 

 

 
Fig. 3Results of SEM mapping 

 

3.3. ICP-MS Analysis Results 

Coatingand main elementssuch as Ag, Pd, Ti, Al, Si 

and Mg 

weredeterminedbyInductivelyCoupledPlasma-

MassSpectrometry (ICP-MS). 

Theresultsaresummarized in Table2. 

Accordingtheresults, the Si, Mg and Al 

elementsformingthe main structure in 

thesampleswereobtained at thehighest rate. 

 

 
Table2. ICP-MS analysis of Ag-Pd-Ti/Cordieritecatalyst 

(mg/L) 

 

IV. CONCLUSION 

 

In this study, it was aimedtodevelopandexaminedAg-

Pd-Ti basedcatalystsfor SCR system. Ag-Pd-Ti 

basedcatalystproducedbyimpregnationmet-

hodwascharacterizedby SEM, 

 

BET and ICP-MS analysis. The BET 

specificsurfacearea of synthesizedcatalystarehigher 

than that of cordieritestructure. Thus, theincrease of 

the catalyst surface area is a desirablepropertydueto 

the positive impression on catalyticactivity. 

Thedistribution of Ag-Pd-Ti basedcatalystmaterials 

on thecordieritesurfacewassuccessfullyperformed as 

shown in the SEM image. Inaddition, theAg, Pd and 

Ti admixturespenetratetheentiresurfaceandthesurface 

area of thecatalyst has decreased du etothehigh 

temperature exposure.Fromtheanaysisresults of ICP-

MS,Si, Mg and Al elementsformingthe main structure 

in thesampleswereobtained at thehighest rate. 

Infurtherstudy, it is plannedtoinvestigatetheeffectof 

producedcatalyst on exhaustemissions in real engine 

conditions. 
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