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Abstract - In general, odorants are 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 performance and exhaust emissions
(CO, THC, CO,, NOy, SO;) characteristics of liquefied petroleum gas (LPG) engine using LPG fuel with new
sulfur free odorant (K-Petro S-Free). New sulfur free odorant (40 mg/kg) was added to 2 type LPG fuels for
summer, and winter and it was used in performance and exhaust emissions, compare to LPG fuel with sulfur
containing odorant (EM, ethyl mercaptan). Engine performance using LPG with sulfur free odorant was similar
to LPG with sulfur-containing odorant. Exhaust emissions (CO, THC, CO,, NOy) of LPG with sulfur free odorant
were also similar characteristics, compare with sulfur containing odorant. Especially, SO, emission using LPG
with K-Petro S-Free odorant was more reduced 83 % than LPG with sulfur containing odorant(EM) at 2000 rpm.
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Table 1. Physical and chemical property of K-Petro S-Free

. 5 blending
No. | Odor materials | b.p(‘C) | status ratio(%)
1 _ Methyl 116.16 | liquid 50
isovalerate
2 | Methyl acrylate | 80.35 | liquid 40
3 | FEhyl-3methy |0 b i | 10
1 pyrazine

Table 2. Composition of LPG fuel in experimental

Compositions Base LPG for | Base LPG for
(mol %) summer winter
Ethane 0.42
Propane 1.3 23.17

iso-Butane 49.5 27.14

n-butane 49.2 48.44
iso-butene 0.26

iso-Pentane 0.57

Table 3. List of LPG fuels with odorant in experimental

No Odorant | Summer Winter agss:lt:: I:)f
type LPG LPG odorant
Base
1 Base LPG"
LPG*
EM® + EM +Base
2 Sulfur 40 wt ppm
Base LPG LPG
K-Petro K-Petro
Sulfur
3 ) S-Free® + | S-Free + | 40 wt ppm
T
ce Base LPG | Base LPG

*No addition odorant, °EM : Ethyl mercaptan,
°K-Petro S-Free : mixtures of 3 odorants as non-containing
sulfur compound

Table 4. Test engine specifications

Model Theta LPi engine
Type LPi injection
Valve mechanism L4KA-14DOHC
Cooling Water cooling
Number of cylinder 4
Diameters of cylinder (mm) 86
Capacity (cc) 1,998
Max. Power (ps/rpm) 141/6000
Max. Torque (kg.m /rpm) 19.0/4250
Rated speed (rpm) 750

Fuel supply type LPG injector

40% : 10%°]|tt. A3 AR LPG 915+ LPG 2

T (AFEAE 58 9 ALE o= Ax
Hem 1 %4S Table 29 YERNITE Table 2
o] Ao AxH A58 4 AL v LPG o

OlX|SSr 233 M3z 2014
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Methyl isovalerate Methyl acrylate 2-Ethyl-3-Methyl Pyrazine

Fig. 1. Structure of Sulfur free odorants

1.Injector, 2.Throttle actuator, 3.Fuel Pressure, 4.Map
sensor, 5.MFC, 6.Fuel cot-off V/V, 7.Throttle position
sensor, 8.Cooling water, 9.Air cleaner, 10.02 sensor,
11.Start motor, 12.Muffler, 13.Dynamometer controller,
14.Data processor, 15.Intake pressure analyzer, 16.
Lambda meter, 17.Exhaust gas analyzer, 18.FT-IR
analyzer

Fig. 2. Schematic of the experimental test rig.
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Table 5. Properties of winter LPG with Odorants of EM and K-Petro S-Free

Standard Summer LPG Winter LPG
b K-PetroS-

E::;S summer | Winter i;sé EM™LPG K-Peirli)sE}Free Base LPG | EM™+LPG Free®
+LPG

C3- max.
25~35 | 1.39 1.38 21.48 21.47 21.47

Compos Hydrocarbon 10

ition C4- max. min.
(mol %) | Hydrocarbon g5 60 98.61 98.62 78.52 78.53 78.53
Butadiene max. 0.5 - - - - -
Sulfur Content (mg/kg) max. 400 2.34° 2.34 2.34 3.52¢ 3.52 3.52
Vapor pcri?:)u re (40 max. 1.27 044 | 043 0.44 0.57 0.58 0.57
Densit

(s %nSlkémS) 500 ~ 620 | 5760 | 5762 576.1 562 562 562
Residue (ml) max. 005 | 00| 0C | max. 005 | max. 005 | max. 005 | 0
Coppezzostrolé) <;(l)lr)r0s10n max. 1 max.1 max. 1 max.1 max. 1 max. 1 max. 1

o b B W7l 747 40 wt ppm
<R uH7} uPEA E(base LPG)o] 3 e
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