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Abstract : In this study, the effects of various oxygenates for gasoline on exhaust emissions and fuel economy in MPI
and GDi vehicles were investigated. Various oxygenates such as MTBE, TAME, ETBE, Bio-ethanol were selected.
Oxygenate blend fuels that oxygenate were added in suboctane have about 2.3 wt % of oxygen content. FTP-75 mode
and HWFET mode, which are widely used in Republic of Korea and the US to test fuel economy, were applied to
investigate exhaust emissions from the test vehicles. Gaseous emissions such as CO, NMHC and NOx did not show any
significant correlation with oxygenates, although a slight difference between oxygenate blend fuels and suboctane as a
base fuel was observed. The combined fuel economy of a blend fuel having MTBE increased 0.3 % in an MPI vehicle
and 1.3 % in a GDi vehicle, but that of other fuels decreased. In particular, the combined fuel economy of a blend fuel
with bio-ethanol decreased 2.7 % in an MPI vehicle and 1.6 % in a GDi vehicle. The particle number concentration of
oxygenate blend fuels was less than that of suboctane, but the difference between oxygenate blend fuels was slight in
FTP-75 mode. In HWFET mode, the particle number concentration has a very similar tendency in MPI and GDi
vehicles. When compared with each of the oxygenate blend fuels, the particle number concentration of a TAME blend
fuel was highest while that of bio-ethanol was lowest.

Key words : Oxygenate(34t27]#), MTBE(Methyl Tert-Butyl Ether), TAME(Tertiary Amyl Methyl Ether),
ETBE(Ethyl Tertiary-Butyl Ether), Bio-Ethanol(H}-©] 2ol §--2), Combined fuel economy(&-3+<11]), Particle number
concentration( A7 <), PM(Particulate Matter, 9 AHd-22)
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Table 1 Specifications of test vehicles

Injection type MPI GDI
Displacement (cc) 1,999 2,359
Cylinderxborexstroke 4x81%97 4%88%97

(No.xmmxmm)
Compress ratio 103 :1 11.3:1
Max. power (ps/rpm) 172/6700 201/6300
Max torque (kg m/rpm) 20.5/4800 25.5/4250
Model year 2013 2012
Mileage (km) 30,000 56,000

Table 2 Regulated emissions and FE of test vehicles

. Emissions (g/km)
Vehicles
CO NMHC NOx FE
MPI 0.223 0.013 0.012 11.9(11.9)*
GDi 0.433 0.013 0.006 11.5(11.3)*
Regulation 1.31 0.034 0.044 -

* Certificated fuel economy
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Table 3 Test methods for fuels

Items Method
Octane number (RON) ASTM D 2699
Distillation (°C) ASTM D 86
Vapor pressure (37.8 °C, kPa) KS M 2692
Sulfur content (mg/kg) ASTM D 5453
Aromatic content (vol %) ASTM D 6839
Benzene content (vol %) ASTM D 6839
Olefin content (vol %) ASTM D 6839
Oxygen content (Wt %) ASTM D 6839
Net heating value KS M 2057
Element analysis (wt %) ASTM D 5291
Density (g/cm3) KSM 12185
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Fig. 2 Test modes : (a) FTP-75 mode, (b) HWFET mode
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Table 4 Properties of test fuels
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Items Specification Suboctane MTBE 2.3 TAME 2.3 ETBE 2.3 Bio-Ethanol
Octane number (RON) 91 ~94 89.2 92.7 93.1 934 91.3
T10 <70 53.9 53.0 56.3 55.9 49.2
o T50 <125 79.0 72.8 78.0 77.8 75.1
Dlszf]ca)“"“ 90 < 170 116.1 1122 110.0 113.7 114.0
End point <225 192.7 181.2 171.0 179.9 183.4
Residue (vol %) <20 0.9 0.9 1.0 0.5 1.5
Vapor pressure (37.8 °C, kPa) 44 ~ 82 58.1 58.8 55.4 56.2 62.8
Sulfur content (mg/kg) <10 3 3 4 4 3
Aromatic content (vol %) < 24(21) 2.5 22 1.9 2.0 23
Benzene content (vol %) <0.7 0.5 0.4 0.4 0.4 0.5
Olefin content (vol %) < 16(19) 12.7 11.1 153 11.5 122
Oxygen content (Wt %) <23 0.15 2.34 2.38 2.32 2.38
. MJ/kg * 47.4544 45.6855 46.4030 46.3630 46.5445
Net heating value 3
MJ/m’ * 33.2655 32.2540 32.8533 32.8250 33.0001
. C * 84.53 83.47 82.27 82.28 82.18
Element analysis (wt %)
H * 15.31 14.89 15.42 15.41 15.51
Density (g/cm’) * 0.701 0.706 0.708 0.708 0.709

*No specification
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Fig. 6 The results of Fuel economy : (a) FTP-75 mode, (b) HWFET mode

Table 5 Reduction ratio of fuel economy on FTP-75 mode and HWFET mode and combined fuel economy compared to Suboctane

Fuels .
. MTBE TAME ETBE Bio-E
Vehicle
FTP-75 -0.8 -2.5 -2.8 -3.5
MPI (%) HWFET 2.4 0.6 2.8 -1.7
Combined 0.3 -1.3 -2.6 2.7
FTP-75 1.6 -1.2 -0.2 2.3
GDi (%) HWFET 1.0 0.3 0.1 -0.6
Combined 1.3 -0.6 -0.1 -1.6
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Table 6 Reduction ratio of particle number on FTP-75 mode
compared to Suboctane

Fuels .
. MTBE | TAME ETBE Bio-E
Vehicle
MPI (%) -44.0 -53.1 -59.3 -49.3
GDi (%) -45.1 -51.2 -42.5 -349
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Fuels .
. MTBE TAME ETBE Bio-E
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MPI (%) -42.1 -17.7 -44 .4 -76.1
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