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Abstract - In this study, the effects of MTBE contents as oxygenates in gasoline on exhaust emissions
and fud economy in MPI and GDi vehicles have been investigated. Various oxygen contents have been
sdected such as 0, 1.0, 23 and 2.7 wt%. FTP-75 and HWFET modes as fud economy test methods which
are widely used in Republic of Korea and US were gpplied to investigate exhaust emissons from the
test vehicles. Emissons of CO, NMHC and NOx did not show significant correlation with oxygen contents
in gasoline fues, dthough having dight difference with these contents. In addition, CO2 emissions were
not significantly changed with respect to oxygen content. But in case of warmrup and FTP-75 and HWFET
modes including high speed regimes, CO2 emissons showed inverse corrdation with oxygen contents.
Particulate number concentration was inversaly proportiona to the oxygen contents, having the minimum
vaue at the condition of 2.3 wt%. In case of fud economy through carbon baance method, the highest
vaue has been obtained a 2.3 wt% and there was podtive corrdation with oxygen contents and fud
€conomy.

Key words : Oxygenate, MTBE(Methyl Tert-Butyl Ether), GDi(Gasoline Direct Injection), PN(Particulate
Number), RON(Research Octane Number)
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Injection type MPI GDI
Engine nu MPI Theta(6 ) I GDI

Displacement(cc) 1,999 2,359

Cylinderxborexstroke[ No.xmmxmm] 4x81x97 4x88x97

Compress ratio 103:1 113:1

Max. power[ps/rpm] 172/6700 201/6300

Max torque[kgm/rpm] 20.5/4800 25.5/4250
Model year 2013 2012
Mileage[km] 30,000 56,000
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1) HC, CO, CO2 : carbonexhaustemission(g/km )
2) CWF : Carbon Weight Fraction

3) SG': Specific Gravity(g/ml)

4) NHV : Heating Value (J/g)
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Fig. 1. The schematic of chassis dynamometer
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Table 2. Properties and method of test fuels
Items Specification | Suboctane | MTBE 1.0 | MTBE 2.3 | MTBE 2.7 Method
Octane number(RON) 91 ~ 94 89.2 90.1 92.7 934 ASTM D 2699
10 vol %(C) < 70 539 53.2 53.0 52.8
50 vol %(C) < 125 79.0 76.2 72.8 72.0
Didtillation 90 vol %(TC) < 170 116.1 1131 112.2 1119 ASTM D 86
End point(C) < 225 192.7 178.6 181.2 179.6
residue(vol %) < 20 0.9 0.9 0.9 0.9
Vapor pressure(37.8 C, kPa) 44782 58.1 58.4 58.8 58.8 KS M 2692
Sulfur content(mg/kg) < 10 3 3 3 3 ASTM D 5453
Aromatic content(vol %) < 24(21) 25 23 22 21 ASTM D 6839
Benzene content(vol %) < 07 05 0.5 0.4 04 ASTM D 6839
Olefin content(vol %) < 16(19) 12.7 12.2 111 111 ASTM D 6839
Oxygen content(wt %) < 23 0.15 1.16 234 2.78 ASTM D 6839
MJkg * 47.4544 46.6490 45,6855 45.6798 KS M 2057
Net heating value
MIm® * 33,265 32,840 32,253 32,295
Element analvsis C * 84.53 83.63 8347 83.11
(wt %) ’ H * 1531 14.81 14.89 gg | oD
Density(g/cm’) * 0.701 0.704 0.706 0.707 KS M 12185
*no specification
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Suboctane®| CO, ®i&%x} vlwsjs MTBE 1.0
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Fig. 3. Emission concentration on FTP-75 mode ; (a) : Carbon monoxide, (b) : Non-methane hydrocarbon, (c) :
Nitrogen oxide, (d) : Carbon dioxide ; Phase-1 : cold start condition, Phase-2 : transient condition, Phase-3
: hot start condition , Tota : the sum on FTP-75 mode with weighting factor

°F 0.1 % 74, MTBE 2.32 <F 0.7 % =7}, MTBE
2.7 °F 16 % Z7I5H= Axkg Rlrh FTP-75 mode
9] phase-13} phase-20]4= AtaglaFo] S7kste] o}
2} uju|skA| F7FsEoIT). Phase-10f|A4] 217+ 2F 0.3 %,
0.9 %, 2.0 % Z7}3l3t}. Phase-20) 4= zF2) ©F 0.6
%, 1.2 %, 2.7 % Z7}5F3ick B, phase-3of| A=
717k oF 1.8 %, 0.3 %, 1.1 % {4dl= S HHlzoa
SubotcaneX t} 7+435}9ith Fig. 4& HWFET mode2]
CO; Hj&% Zito|tt. HWFET modeoj| A+ phase-3
9} H|SBA| ARAE SRR3E 91=2] CO; HilETo] Suboc-
taneX=t} 717k ©F 34 %, 25 %, 2.2 % 7HAsEHch
SEA|TE AbAglRFe] Hstol w2 RS Ws] &
Sk

vl GDi 2ol A= FTP-75 modeo)] 4 CO; v|&
T2 ol glie AR et Suboctaned] CO,
vj&eka} v S o) MTBE 1.0& 9F 1.3 % 72,

flo

e

OlX|Sst M25% H4= 2016

22 vMPl Y GDi
T T

120
110
100

90~

20

Carbon dioxide(g/km)

10}

7\
TBEL.0 MTB

AN

SubOct;

.
2.3 TBE2.7

&
<
mp

ne

Fig. 4. Carbon dioxide from MPl and GDi vehicles
on HWFET mode

MTBE 2.3 9F 15 % 4, MTBE 2.72 2F 0.7 %
Z7Vl= AukE RYk FTP-75 mode?] phase-11}



MTBE @3 WISl7} MPI % GDI ko] &7l 2 ulel v ol otk 48a o 165

phase-20]| 4= MTBE 1.02] CO2 ulj&e2 2tz oF
1.1 %, 0.2 % 7ra, MTBE 2.3%= 2F 05 %, 1.4 % 7T
23k}, vhe MTBE 2.7 Z12} oF 25 %, 2.4 % =
7ot Phase-3olA= AtaE ohR3t dRe CO,
HjEee ZkzF oF 3.8 %, 2.7 %, 4.5 % IAsHich
HWFET mode?] CO, Hj}&ek Aule zkz} oF 1.2 %,
1.4 %, 2.8 % a3tk

uebs] = 2pFe) CO, HiEdS E43 41t CO,
&5 S0 R Akadleol mE T HFde
Aokl A=Ak SsEATE AAE ERRE ARe] CO,
H|&5RS FTP-75 mode?] phase-32} HWFET modeo]|
HE gastedet. 2, Aol g Abdlolx 114e]
eAzde] T RN AL AR A=Y
CO, HlEFo] ik

o
=
2
i

3-3. UXPHL(Particle number concentration) HS
=4

Fig. 52 FTP-75 mode2} HWFET mode®] <1274
o viE=F datoloh oFe] T1gojAe} nixriR| = At
2 e e YEhglon @ ajabt= |oigkat
2| aghZ Qn|gitt Fig. 59] (@)oll= FTP-75 mode?]
} phase'd ZAzkel F5Fo] AakE 2elsto] FAHS
, Fig. 6°fl-= Suboctane®] YAl viEgat vl

Hake-S e ST

MPI Z}2] 7, FTP-75 modeol|A] APl vi&E
2 THE VTR AAERRE SRS AR wiE
o Suboctane®] wjE=E T} Zoith. MTBE 1.02- oF
7 % 74, MTBE 2.32 ¢F 44.0 % 74, MTBE 2.7
2 ok 30.8 % 7HAsldh. 18]35 HWFET modeoi|4]

N

Ed

ol ot

©

MTBE 2.3 ESMTBE2.7 |

vz} Suboctane XY MTBE 1.
1E12 T T T
MPI

1E11}

1E10¢

1E9
1E13

GDi
1E12} 7

1E11¢

Particle number concentration(#/km)

1E10¢

= ZHF 9F 52,0 %, 42.1 %, 68.5 % 7HAsth FTP-75
mode?| UXHE= BT LAAIH(95 % Al=a<E,
FEHD) R A% 43l pvaue= 0.268% wl--
Eot Akghel S7toll wet F=5gk AolE EjIg 4
R om AlatkA EA4A3Pearson correlation co-
efficient”) o = o5t &0 A (R=-0.691)
RBoth HWFET mode?] QA2 Hj&ere HAs)
A3}, pvaue= 0.032% Zof AF7HES 714 4=
= SN ST Ao g2 AR 7|2l RS A
wtsfof & Zo g viekHEny T1efar ok 5o ARt
HA(R=-0.785)7} %= AR YEpyTh

GDi #}zFo] 7, FTP-75 modeoflA A= H
SFE THE 750 =E S FRT AR wiE

k- Suboctane®] HZFHTH 717k oF 4.6 %, 45.1 %,

[—®—MPI FTP-75 —®— MP|_HWFET —A— GDi FTP-75 —— GDi HWFET |
0

S0+
20+
30+
40+
50+

Rate of change(%)

-60 |

70+

-80

MTBEL.0 MTBE2.3 MTBE2.7

Fig. 6. Rate of change of Particle number concen-
tration from MPI and GDi vehicles on FTP-75
and HWFET mode

V222 GDIi X MPI
1E12

1E11¢
7

NN
Y

A

1E10¢

1E9

1E8 2,

Particle number concentration(#/km)

(b)

Fig. 5. Particulate number concentration ; (a) : FTP-75 mode(Phase-1 : cold start condition, Phase-2 : transient
condition, Phase-3 : hot start condition, Total : an average on FTP-75 mode), (b) : HWFET mode
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Table 3. Fuel economy : Ratio : rate of change to combined fuel economy of Suboctane
Fuel economy(km/L)
Vehide Fuel FTP-75 mode HWFET mode Retio
Combined (*0)
Not corrected Not corrected

Suboctane 12.48 9.72 20.04 14.00 11.27 -

MTBE 1.0 12.48 9.72 20.77 14.48 1141 12

M7 MTBE 2.3 12.53 9.75 20.93 14.58 11.46 1.7
MTBE 2.7 12.38 9.65 2052 1431 11.30 0.3

Suboctane 11.30 8.86 19.73 13.80 10.56 -

_ MTBE 1.0 1141 8.95 20.00 13.98 10.67 11

eo MTBE 2.3 11.59 9.08 20.28 14.16 10.83 25
MTBE 2.7 11.29 8.86 20.49 14.30 10.69 12
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