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Effect of fuel component on nitrous oxide emission characteristics in diesel engine

Dong-Hoon Yoo
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Abstract: N,O(Nitrous Oxide) is known as the third major GHG(Green House Gas) following CO,(Carbon Oxide) and
CHy(Methane). The GWP(Global Warming Potential) factor of N,O is 310 times as large as that of CO, because N,O in the
atmosphere is very stable, and it becomes a source of secondary contamination after photo-degradation in the stratosphere.

Investigation on the cause of the N,O formation have been continuously reported by several researchers on power sources
with continuous combustion form, such as a boiler. However, in the diesel engine, research on N,O generation which has ef-
fected from fuel components has not been conducted. Therefore, in this research, author has investigated about N,O emission
rates which was changed by nitrogen and sulfur concentration in fuel on the diesel engine.

The test engine was a 4-stroke direct injection diesel engine with maximum output of 12 kW at 2600rpm, and operating con-
dition of that was set up at a 75% load. Nitrogen and sulfur concentrations in fuel were raised by using six additives : nitrogen
additives were Pyridine, Indole, Quinoline, Pyrrol and Propionitrile and sulfur additive was Di-tert-butyl-disulfide. In conclusion,
diesel fuels containing nitrogen elements less than 0.5% did not affect N;O emissions in the all concentrations and kinds of the
additive agent in the fuel. However, increasing of the sulfur additive in fuel increased N,O emission in exhaust gas.
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Table 2: Greenhouse gases caused from human life

Rank Gases Percentage
1 CO, from fossil fuel 56.6
2 Deforestation, etc 17.3
3 Mathane 14.3
4 Nitrous oxide 7.9
5 etc. 39
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Figure 1: N,O generation paths caused from nitrogen

compounds in fossil fuel

SaulA Az Yol es] x A|38A A9E(2014. 11)

fo

- N,O generation reactions

Ny +tO+MoN,O+M (1)
HCN+O«+NCO+H 2)
NCO+NO+-N,O+CO 3)
NHx+OH<—>NHX_1+H20 (4)
NH+NO«+-N,O+H 5)
- NbO decomposition reactions
N20+M<—>N2+O+M (6)
N20+O<—>N2+02 (7)
N,O+O<-NO+NO ®)
N,O+HoN,+0OH )

- N,O generation reactions with SO,
2NO+S0,N,0+S05 (10)
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Table 2: Test engine specification

Item AVL

Stroke 4

Cylinder 1

Cooling type Water

Injection Direct injection
Bore 112(mm)

Stroke 110(mm)

Output 12kW / 2400rpm
Compression ratio 18.5

Table 3: Fuel Properties based on mixed-fuel

Item Unit Light oil
Density (15C) g/em’ 0.8359
Flash point T 76
Viscosity mm?/sec 3.554
Pour point T -17.5
Ash mass % -

C mass % 85.84
H mass % 13.85
N mass ppm 5 (limit)
(0] mass % < 2.5 (0.7)
S mass ppm 6.8
Calorific value MJ/kg 45.84
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Figure 2: schematic diagram of exhaust gas sampling
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Table 4: Additives used for increasing nitrogen and sulfur in fuel

Item Unit Pyridine Indole Quinoline Pyrrol Propionitrile DBDS
Formula - C5H5N CgH7N C9H7N C4H5N C3H5N CnggSZ
Mass g/mol 79.1 117.15 129.16 67.09 55.08 178.35
Phase (25°) Liquid Solid Liquid Liquid Liquid Liquid
Density g/cm3 0.9819 1.22 1.09 0.967 0.772 0.923
Melting K 232 326 258 250 180 268
Boiling K 388 526 511 503 370 473
Purity % 99 98 95 99 99 99
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