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Abstract

The physicochemical characteristics of particulate matter emissions from various vehicle’s fuel types were
studied at the facility of Transport Pollution Research Center (TPRC), National Institute of Environmental Research
(NIER), Korea. Three different types of fuels such as gasoline, liquefied petroleum gas (LPG) and diesel were
tested on the NIER driving mode and the constant speed modes (30, 70, and 110 km/h). Chemical composition of
submicron particles from vehicle emissions was measured by the High Resolution Time of Flight Aerosol Mass
Spectrometer (HR-ToF-AMS) during running cycles. Organics were dominant chemical species of particulate
matter emissions for all three different vehicles’ fuel types. Moreover, regardless of fuel types, emission rate of
organics and inorganics decreased as the average speed of vehicle increased. The portion of fully oxidized fragment
families of C,H,0, accounted for over 98% of organic aerosol (OA) in LPG and diesel vehicles, while the relatively

high fraction of C;H, in OA was observed in gasoline vehicle.
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Table 1. Specification of test vehicles.

Vehicle A B C
First registration year 2014 2015 2014
Fuel LPG Gasoline Diesel
After-treatment TWC* TWC  DOC +DPF’
Engine LPI¢ GDI DI°
Engine displacement (cc) 1591 1591 1582
Engine power (Kw/rpm)  120/6000 140/6300  136/4000
Vehicle weight (kg) 1535 1515 1660

“Three Way Catalyst (TWC), "Diesel Oxidation Catalyst (DOC), Diesel
Particulate Filter (DPF), ‘Liquid Phase Injection (LPI), ‘Gasoline Direct
Injection (GDI), “Direct Injection (DI)
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Fig. 1. Schematic diagram of sampling system of particulate matter emission from vehicle.
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2.3 High Resolution Time of Flight Aerosol
Mass Spectrometer (HR-ToF-AMS)
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Fig. 2. Solid particle counting system.
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Fig. 3. Emission rate for organics and inorganics by the average speeds of NIER mode.
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Fig. 4. Emission rate for organics and inorganics by average speed on constant mode; (1) emission rate of organics
and (2) emission rate of inorganics measured by HR-ToF-AMS.
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Table 2. Concentrations of organics and inorganics from particulate matter emissions from the different vehicles’ fuel

types.
Mode Components (ug/km) A B C
Organics 9270 (£1.55) 8.451(x0) 6.34(£0.19)
Inorganics 0.432(£0.03) 1.264(£0) 0.309 (£0.088)
NIER-05 (Avg. 17.3 km/h) Nitrate 0.426(+0.029) 0.643(x0) 0.301(£0.086)
Sulfate 0.002(x0.001) 0.409 (x0) 0.003(£0)
Ammonium 0.004 (x0.001) 0211(x0) 0.005 (£0.002)
Organics 8.340 (£0.220) 5.432(%0.265) 4.777(x0)
Inorganics 0.284 (+0.004) 0.489(%0.041) 0.279(0)
NIER-09 (Avg. 34.1 km/h) Nitrate 0.276 (£0.007) 0.266(x0.011) 0.272(x0)
Sulfate 0.003(%0.001) 0.16(£0.043) 0.002(0)
Ammonium 0.005 (£0.002) 0.063(+0.01) 0.005(x0)
Organics 4.640(x0.190) 3.262(£0.287) 3.259(£0.063)
Inorganics 0.208 (x0.015) 0.243(%£0.013) 0.188(£0.001)
NIER-12 (Avg. 65.4km/h) Nitrate 0.204(x0.016) 0.191(%0.019) 0.184(£0.001)
Sulfate 0.002(+0) 0.037 (+£0.003) 0.001(£0)
Ammonium 0.002(x0.001) 0.015(x0.002) 0.003(x0)
Organics 3.370 (£0.100) 3.695(£0.078) 4.398(+£091)
Inorganics 0.223(x0.023) 0.224(x0.01) 0.25(%0.036)
NIER-14 (Avg. 97.3 km/h) Nitrate 0.219(+0.024) 0.212(%+0.007) 0.247(£0.036)
Sulfate 0.001(x0) 0.008 (+0.001) 0.001(+0)
Ammonium 0.002(x0) 0.004 (x0.001) 0.003(x0)
Organics 5430(£1.210) 3.929 (£0.805) 3.267(£0.591)
Inorganics 0.213(x0.001) 0.447(x0.027) 0.135(%£0.037)
30 km/h Nitrate 0.210(x0.002) 0.222(%0.013) 0.131(£0.036)
Sulfate 0.001(x0) 0.155(%0.008) 0.001(x0)
Ammonium 0.002 (+0) 0.069 (+0.006) 0.003 (£0.001)
Organics 3.400 (£0.580) 3.139(£0.528) 3.442(£0.559)
Inorganics 0.154(x0.013) 0.235(x0.014) 0.186(£0.001)
70 km/h Nitrate 0.152(0.013) 0.183(x0.015) 0.176(£0.012)
Sulfate 0.001(x0) 0.034(%0.001) 0.005(£0.007)
Ammonium 0.001(£0) 0.017 (+£0.002) 0.005 (£0.004)
Organics 4.23(+0.13) 72(+1371) 7411 (£0277)
Inorganics 0.247(x0) 1.274 (£0.488) 0.351(%0)
110km/h Nitrate 0.235(x0.012) 0.546 (+0.095) 0.345(£0.002)
Sulfate 0.007 (£0.008) 0.503 (+0.385) 0.001(£0.001)
Ammonium 0.005 (£0.004) 0.224(%0.198) 0.004 (£0.001)
5.00E+11 T
4.36E+11 s EA
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17.3 km/h (NIER-05)

34.1 km/h (NIER-09)

65.4 km/h (NIER-12)

Fig. 5. Particle number concentration (NIER mode) by CPC (Solid Particle Counting CPC).

97.3km/h (NIER-14)
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Fig. 6. Mass fractions of oxidation states for organic components from different fuel’s types by vehicles’ speeds; (1) A

vehicle, (2) B vehicle, and (3) C vehicle.
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