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Methyl palmitic (C16:0) & Hydrogen 

  
Methyl stearic (C18:0) & Hydrogen 
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Figure 7: Effect of C16:0 and C18:0 with hydrogen addition on THC, NO, NO2, N2O and NH3 concentration downstream the HC-SCR catalyst. 
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5.2 High temperature 

 

At temperatures higher than 400°C for C12:0, C14:0 and C18:0 methyl esters-SCR 

in the presence of H2, NOX production rate declines. This fall-off occurs at 350°C for 

C16:0. Hydrogen becomes more effective towards complete oxidation of hydrocarbons to 

COX and water instead of promoting hydrocarbons by partial oxidation to active species 

(He, et al., 2008). Direct oxidation of H2 and production of water also becomes dominant 

in high temperatures. Therefore HC-SCR reactions suffer from low concentrations of 

active reductants to convert NOX. 

 

At low temperatures concentrations of N2O and NH3 in the presence of hydrogen 

are negligible. But at high temperatures (>350°C) compared to when H2 not injected to 

exhaust flow, N2O and NH3 increase, as it can be seen from Figures 6 and 7. N2O has much 

higher greenhouse impact compared to the other nitrogen oxides. Even though the amount 

does not exceed 16ppm for all reactants, still it is a disadvantage for H2-SCR at high 

temperature exhaust flow. H2 increases the production of NH3 and in addition, the 

domination of hydrocarbon oxidation to SCR reactions at high temperatures result in NH3 

spillage. 
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Chapter 6 

 

CONCLUSIONS 
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6 Conclusions 

 

 

 

 

6.1 Concluding remarks 

 

With more strict emission legislation being imposed by the environmental 

governing bodies as concerns the emissions from vehicles; diesel after-treatment is now an 

essential element in the emissions reduction. Hydrocarbon selective catalytic reduction 

(HC-SCR) over silver supported on alumina (Ag-Al2O3) catalysts is one of the most 

promising after-treatment technologies for NOx emissions reduction, which employs 

hydrocarbons as the reductants for NOX in lean-burn gas streams. Simplicity to implement 

and cost effectiveness are advantages of HC-SCR over other technologies. Successful 

reducing agents include heavier paraffins and certain light alcohols have been reported.  

 

Results from the experimental investigation of the reduction of NOX emission from 

diesel engine exhaust gas have been discussed and presented in this thesis. The blends of 

biodiesel components (methyl esters) with ultra-low sulphur diesel ULSD were used to 

carry out the experiments. Promoting effect of hydrogen on HC-SCR is also investigated.  
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6.1.1 Selective catalytic reduction of NOX by biodiesel components with 

different chain length blended with ULSD 

 

A silver supported (Ag/Al2O3) hydrocarbon selective catalytic reduction catalyst 

was prepared and examined for the reduction of NOx emission. Four selected biodiesel 

components blends with different chain length were injected into the exhaust gas of diesel 

engine upstream of the HC-SCR.  

It was found that high chain length methyl ester activity window is towards lower 

temperatures while the lighter methyl ester (methyl laurate) peak activity has been 

identified at high temperature 440 °C. The highest performance also was seen from the 

methyl laurate (C12:0) which was 40%. methyl stearic (C14:0) and methyl myristic 

(C16:0) had similar NOX reduction activity which peak at 400 °C around 35%. 

 

6.1.2 Promoting effect of hydrogen addition on HC-SCR 

 

Selective catalytic reduction of NOX by hydrocarbons (HC-SCR) in the presence of 

excess oxygen seems to be a practical method to reduce NOX emission from lean burn 

diesel exhaust. 

Hydrogen significantly improved all reductants activities on NOX emission 

conversion. H2 widens the active operating temperature window over the catalyst by 

remarkably improving the low temperature catalyst activity. 
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6.2 Future work 

 

 The concentration of hydrocarbon injected into to the exhaust gas stream 

influences the activity of Ag/Al2O3 catalyst for the reduction of NOX. 

Higher amount of hydrocarbon generally required at higher temperature to 

compensate the HCs oxidised while at lower temperature the HC 

concentration should be less to prevent the catalyst deactivation resulting 

from carbon species deposition.  Research on different HC:NOX ratio to 

find out the optimal ratio of hydrocarbons to be injected in HC-SCR. 

 

 Further research into the H2:NOX ratio injected into the exhaust gas on the 

selective reduction of methyl esters. This will avoid unnecessary 

consumption of hydrogen. Finally, the optimum combination of HC:NOX 

and H2:NOX ratios, simultaneously. 

 

 Choose one or two methyl ester and investigate the NOX reduction activity 

of their blends with other oxygenated hydrocarbons such as light alcohols 

(e.g. ethanol and butanol) or HCs with high activity of NOX emission 

conversion at low temperature such as long chain paraffins (e.g. n-decane 

and n-dodecane). Blending heavy methyl esters tested in this research with 

alcohols which have high NOX reduction at low temperature could improve 

the activity of silver-alumina (Ag/Al2O3) over total range of temperatures 

typical for the diesel engine exhaust gas.   
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Appendix: Fuel penalty calculation 

  

                                                                         

 

                            

                                                

 

             
                            

                       
     

 


