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A Study on Hazardous Air Pollutant Emissions From
Diesel Engines Utilizing DME Fuel
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Abstract

Recently, lots of researchers have been attracted to develop various alternative fuels and to use renewable fuels
in order to solve the exhaust emission problems. DME (Dimethylether) is synthetic fuel, and can be produced from
natural gas, coal and biomass. The emission is clean because it contains little sulfur and aromatic components In
this study, the fuel was tested to investigate the applicability as an alternative fuel for diesel. This study was carried
out by comparing the exhaust emissions and performance of diesel engine with DME, ULSD (ultra low sulfur
diesel), LSD (low sulfur diesel) respectively.

In order to measure regulated emissions, CO, NOx, HC from vehicle different fuel types were used on chassis
dynamometer CVS (constant volume sampler)-75 mode and EPA TO-11A method was chosen for aldehydes
analysis.
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Table 1. Physical properties for DME and other fuels.
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Item, unit DME Diesel  Propane  Butane CNG MeOH  Ethanol Gasoline Hydrogen

Density in liquid (kg/m®) 667 831 500.3 578.8 - 795 789 750
Density in gas (air=1) 1.59 - 1.52 2.07 0.56 - - - 0.07
Cetane number >55 40~55 - - - - 40/50 -
Structure (CH3),0O - C3Hg CH,, CH+rest CH;OH C,Hs;OH - H,
Air/Fuel kg/kg 9.0 14.6 15.88 15.46 16.86 6.46 9 14.7 34.2
Boiling point, °C =25 180/370 —42 -05 —162/-88 65 78 30/190 -253
% wt. carbon 52.5 86 82 83 76 37.5 52 85 100
% wt. Hydrogen 13.0 14 18 17 24 12.5 13 15 0
% wt. Oxygen 34.8 0 0 0 0 50 35 0 0
Velocity of sound, m/s 980 1330 - -— - - - -
chnsetmatlc viscosity (liquid), <1 3 _ _ _ _ _ _
Elasticity coefficient (N/m%)  6.37E4+08 14.9E+08 - - - - - -
Low caloric value (MJ/kg) 28.8 427 46.35 45.72 49 19.8 264 432 120
Combustion range (A) 0.34/ 048/ 042720 036/1.84 0.7/2.1 0.34/20 0.3/2.1 04/14 05/105
Combustion range % 34/186  06/65 20/95  1.7/86 5015 5526  3.5/15

gas in air
Vapor pressure (293 K MPa) 0.53 — 0.83 0.21 — 0.037 0.021 -
Mol. wt. {g/mol) 46.069 170 44.09 58.12 17 32.04 46.07 98 2.01
Flash energy (min) (A=1, mJ) 0.29 - 0.305 0.38 0.32 0.215 0.65 - 0.019
Flash point, (°C) 235 250 470 365 650 450 420 -
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Fig. 2. DME and LSD, ULSD fuel system.

Table 2. The specification of test vehicle.

Variables Mighty
Displacement (cc) 3,298
Max torque (ps/rpm) 120/3,000
Made year 1999
Mileage (km) 33,285
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Fig. 3. Driving cycle of CVS-75 mode.

Keeping the
cartridge below
4°C in refrigerator

Sampling

(front+back Cartridge)

DNPH
desorption by
acetonitrile

DNPH analysis

by UPLC
(UV : 360 nm)

Fig. 4. Sample separation for aldehydes analysis.
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Table 3. Analytical conditions of UPLC.

Variables Conditions
UPLC WATERS, U.S.A
Detector UV/Vis, 360 nm
Column Acquity C18(2.1 x 50 mm, 1.7 um)
Mobile phase Solvent : Water/Acetonitrile 40/60 (V/V)
Injection volume SuL
Column temp. 25°C
Flow rate 0.6 mL/min
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Table 4. The analysis of test fuels (LSD, ULSD).

Sample

Method Items _

LSD ULSD

iIBP 160.0 163.0

ASTM Distillati 10% 196.5 195.5
* istillation

2887 ©C) 50% 269.5 277.5

90% 342.0 331.0

FBP 3745 348.0

KSM202 Density (15°C, kg/m®) 836.2 823.5

*1804264 Cetane index 51.3 58.5

*1SO5160 Cetane number 52.1 53.4

*KSM2010 Flash point (°C) 61.0 65.0
Kinematic vi i

KSM2014 R /gfos“y 3.0 3.0

KSM2077 Sulfur (ppm) 267.0 9.0

Table 5. Specifications of DME.

Items DME
Component Purity 86.4
(mol%) Butadiene N.D
Sulfur (wt ppm) 1.9
Vapor (40°C, Mpa) 0.8
Density (15°C, g/em®) 685.0
Residue (mL) N.D
Copper strip corrosion (40°C, 1 h) 1
Water Content (wt ppm) 39.2
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Table 6. CO test data.

Fuel type (Unit: g/km)

Test No.

LSD ULSD DME
Ist 2.297 1.945 3.607
2nd 2.238 2.143 3.559
3rd 2.077 2.128 3.452
Average 2.204 2.072 3.539
g/km
4.0
33
30F
) 5
20F
1.Of
-1
0.0 . .
LSD ULSD DME

Fig. 5. The test result of CO.
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Table 7. HC test data.

Fuel type (Unit: g/km)
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Fig. 6. The test result of HC. Fig. 7. The test result of NOx.
Table 8. NOx test data. Table 9. PM test data.
Fuel type (Unit: g/km Fuel type (Unit: g/km}
Test No. P glkm) Test No. P ¢
LSD ULSD DME LSD ULSD DME
Ist 3.322 3.369 2.290 Ist 0.522 0.463 0.062
2nd 3.268 3.187 2.069 2nd 0.537 0.485 0.063
3rd 3418 3.095 2.185 3rd 0.530 0.480 0.067
Average 3.336 3.217 2.1813 Average 0.530 0.476 0.064

gz eARNA A 2d Al



DMEZ ol43 444548 430072083 24 54 4F 59

o e ) Heh )9} 2L Aoz PMA
3 g FYRe) sEol AFE Pr Hoz 47
Hoixle el 3 Agel 4R Ae] WA}
1999918l ¢ zheHaetR 2 2o) AEE A ol
£ 745 PMY $EE gol & Zloz «aad

DMEsI: S4¥3} wassiaree] s 3l
A 97) whel A o) ARARA et
T} DMES): 84 0] 23] 2obal zle]A]
3283} AU Mo viwsk 4 4 ek ol @
A 27 YA BT 224 BAHAS AR
H2 F9E 92296 e ozkel PMe] 24
g 4 lekx ek

4.3 LHISI=Z

4.3.1 YH3|= Med AlFEER
dd3l = 2FEA (standard, Supelcoiib)E o83}
of HPLC 4ol 2|2 95} w4 A= 37}ar] 4
3] Peak Area®} Retention Timeo 2 A¥AL Hr}

g/km
0.6

0.5 0.487]

0.4 L /
a3k ) R I

02t | A

™ ' —

0.0
LSD ULSD DME

Fig. 8. The test result of PM.

Table 10. Repeatability for aldehyde standard of HPLC
analysis (n=>5).

o4 RSD (%)
Aldehydes Retention time

(min) Retention time Peak area
Formaldehyde 0.853 0.12 1.13
Acetaldehyde 1.002 0.10 0.42
Acrolein 1.185 0.17 0.56
Acetone 1.215 0.15 0.43
Propionaldehyde 1.304 0.10 0.27
Butyraldehyde L.716 0.17 1.21
Benzaldehyde 1.856 0.15 0.56
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Fig. 9. Comparison aldehydes with LSD, ULSD, DME.
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Fig. 11. Comparison formaldehyde with cold and hot start.
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Fig. 12. Comparison acetaldehyde with cold and hot start.
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