g 71273 A A 30d A6 =

J. KOSAE Vol. 30, No. 6(2014) pp.545~554
Journal of Korean Society for Atmospheric Environment
DOI: http://dx.doi.org/10.5572/KOSAE.2014.30.6.545

A

HIZEA FFHE 2&s LPG =9
I

A W E7IA SYo ek AF

Study on the Exhaust Emissions Characteristics of

LPG Vehicle using LPG Fuel with Sulfur Free Odorant
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Abstract

In general, odorant was added to fuel gases, such as LPG, LNG and city gas, to prevent gas poisoning, ignition,
explosion, or other accident caused by fuel gases, and to enable immediate and easy detection of fuel-gas leakage
by emitting an offensive smell. This study describes a study on the exhaust emissions characteristics and fuel econo-
my of liquefied petroleum gas (LPG) vehicle using LPG fuel with new sulfur free odorant. New sulfur free odorant
was added to LPG to reduce sulfur content of the LPG. Its performance and exhaust emission were compared to
those of LPG with sulfur containing odorant (EM, ethyl mercaptan). Engine performance using LPG with sulfur
free odorant was similar to that with sulfur-containing odorant. Exhaust emissions from the LPG vehicle with LPG

including sulfur free odorant were also similar to those with LPG including sulfur containing odorant in the FTP 75
and NEDC mode. There experimental results suggest that the sulfur free odorant may substitute for the sulfur con-

taining odorant in LPG fuel.
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Fig. 1. Chemical Structure of sulfur containing odorants.
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Table 1. Physical and chemical property of S-Free odorant.

Sulfur free odorant (%)

No. Odor materials b.p(°C) Status
Sample 1 Sample 2 Sample 3  Sample4  Sample 5
1 Methyl isovalerate 116.16 Liquid 50 65 68 50 64
2 Methyl acrylate 80.35 Liquid 47 32 30 50 40
3 2-Ethyl-3-methyl pyrazine 120 Liquid 3 3 2 0 0
N
L I B
~o0 \OJ'I\/ o3
N
Methyl isovalerate Methyl acrylate 2-Ethyl-3-Methyl Pyrazine
Fig. 2. Chemical Structure of sulfur free odorants.
2. olj __I.I. I:cll- I:éll Table 2. Composition of LPG fuel in this study.
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Table 3. Sulfur free odorant in aLPG applied in this study.

Sample Odorant type Winter LPG
Conventional Sulfur containing EM+Base LPG*
. Sulfur free odorant”
1~5 Sulfur free +Base LPG

“No addition odorant but base sulfur content in base LPG is 1.98 mg/kg.
mixtures of 3 Sulfur free odorants.
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Table 4. Specification of test vehicles.

62.6km/ho]31 FH 31 &£xx= 120

Model NF - - .
km/h7bA] =28l F3be] Z@E o] ot (Lee et al.,
Curb. weight (kg) 1,500 2008)
Displacement (cm?) 1,998 ) ]
Engine family L4KA I3 5% XA 2=F HH€7]' 2o
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Fuel injection sys. LPLi - -
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Fig. 3. FTP75 test driving mode.
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Fig. 4. NEDC test driving mode.
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Fig. 5. Schematic diagram of emission measurement equipment.
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Fig. 6. GC chromatogram of LPG fuel with S-Free odorant.

Table 5. Fuel Properties of winter LPG with sulfur free odorant.

Standard LPG fuels LPG fuel with sulfur free odorant
Class item
Summer Winter Base LPG Sample 1 Sample2 Sample3 Sample4 Sample 5
Composition C3-Hydrocarbon max. 10 25~35 29.42 29.50 29.48 29.51 29.55 29.49
P C4-Hydrocarbon max. 85 min. 60 70.58 70.50 70.52 70.49 70.45 70.51
(mol %) .
Butadiene max. 0.5 - - - - - -
Sulfur content (mg/kg) max. 40 6.89* 1.98° 1.99° 1.98° 1.97° 1.98°
Vapor pressure (40°C, kPa) max. 1.27 0.60 0.61 0.62 0.63 0.59 0.61
Density (15°C, kg/m®) 500~ 620 601 603 602 602 604 602
Residue (mL) max. 0.05 max. 0.05 max.0.05 max.0.05 max.0.05 max.0.05 max.0.05
Copper strip corrosion (40°C, 1 h) max. 1 max.1 max. 1 max.1 max. 1 max. 1 max. 1

“*Sulfur content after sulfur odorant (EM) addition (sulfur content 1.98 mg/kg before EM addition)
°Sulfur content after sulfur free odorant addition in base LPG with no odorant
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Table 6. Vehicle emissions in the FTP75 mode.

FTP75 mode
THC [g/km] CO [g/km] NOx [g/km] CO, portion [g/km] Fuel Economy [km/L]
Conventional 0.014 0.460 0.013 190.7 9.24
Sample 1 0.025 0.681 0.015 190.2 9.25
Sample 2 0.021 0.633 0.020 191.7 9.18
Sample 3 0.032 0.614 0.015 191.0 9.25
Sample 4 0.042 0.134 0.017 188.5 9.37
Sample 5 0.032 0.182 0.010 186.6 9.46
Table 7. Vehicle emissions in the NEDC mode.
NEDC mode
THC [g/km] CO [g/km] NOx [g/km] CO, portion [g/km] Fuel Economy [km/L]
Conventional 0.030 0.731 0.020 187.0 9.40
Sample 1 0.046 0.812 0.021 187.8 9.34
Sample 2 0.035 0.774 0.032 193.2 9.09
Sample 3 0.049 0.780 0.024 190.0 9.22
Sample 4 0.044 0.303 0.033 186.4 9.46
Sample 5 0.032 0.384 0.030 188.2 9.37

©
w
Il

Emission (g/km)

0.0 :
THC Cco NOx

Fig. 7. Comparison of Vehicle emissions in the FTP75
mode.
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Fig. 8. Comparison of Vehicle emissions in the NEDC
mode.
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Fig. 9. Characteristics of emissions according to additive
odorant on cold start in FTP75 mode.
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Fig. 10. Characteristics of emissions according to addi-
tive odorant on cold start in NEDC mode.
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