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A Study on Emission Characteristics of Aldehydes from
Passenger Cars according to Driving Modes and Various Fuels
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Abstract: Emission characteristics on regulated pollutants and aldehydes of domestic passenger cars
according to the driving modes and fuel types were conducted in this study. In order to compare emission
characteristics, test cars with similar manufacturing year and mileage were selected. Also, the driving
modes and various fuels were applied to the four driving modes (NIER 5, 9, 12, 14) and three fuel types
(diesel, gasoline, LPG), respectively. Regulated pollutant emissions from passenger cars were measured by
using chassis dynamometer and emission analyzer. In addition, aldehydes were collected in 2,4-DNPH
cartridges using a sampling device in the CVS tunnel and analyzed using ultra high performance liquid
chromatography. As a result, it was found that the regulated pollutants of the test vehicles decreased with
an increase of the average vehicle speed, while the NOx emission increased at high vehicle speeds.
Aldehydes emitted from diesel vehicles were higher than those of gasoline vehicles. In addition,
formaldehyde and acetaldehyde accounted for more than 78% of the total aldehydes. In the case of LPG
vehicles, acrolein was the highest at around 51-62%. Regulated pollutants and aldehydes emitted from cars
are affected by fuel types and displacement and operating conditions. This study is expected to be used as
basic data for the estimation of HAPs emissions inventory for mobile source.
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Table 1 Specification of test vehicles

Vehicle A B C D
Fuel Type Diesel Gasoline Gasoline LPG
Engine Type DI MPI GDI LPI
Registration year 2014 2014 2014 2014
Displacement|cc] 1,956 1,998 2,999 2,999
Max. power[ps/rpm] 156/3750 141/6200 270/6400 235/6000
Max. Torque 35.8/1750~2500 18.8/4000 31.6/5300 28.6/4500
[kg-m/rpm]
After treatment DOC TWC TWC TWC
Odometer[km] 18,000 22,000 25,000 23,000

Table 2 Specifications of test modes

Driving | Driving | Average Maximum
Test mode| time distance | speed speed
() (km) | (km/h) | (knvh)
NIER 5 861 4.13 17.3 68.1
NIER 9 926 8.76 34.1 70.9
NIER 12| 793 14.41 65.4 83.3
NIER 14 | 807 21.82 97.3 104.6
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Fig. 1 Schematic diagram for exhaust emission test system
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Table 3 Specifications of chassis dynamometer

Species Specifications
Model Dynamemeter 45"
Power absorption 150 kW
Roller diameter 1220 mm
Offset zero 460.48 N
Gain correction tension 0.1%
Gain correction pressure 0.1%
Vmax Dynamometer 200 km/h

Table 4 Specifications of exhaust gas analyzer

Compounds | Principle | Measuring Conc. range
(6[0) NDIR | 50, 100, 1000, 3000 ppm
CO, NDIR 1, 2, 3, 6%

HC HFID 20, 50, 100, 1000 ppmC
NOx CLD 20, 50, 100, 1000 ppm
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Table 5 Analysis conditions of UPLC

Parameters Analysis
Model Waters UPLC
Detector TUV, 360 nm
Column ACQUITY UPLC™ BEH C18 1.7
m 2.1x100 mm Column
Column 40°C
temperature
Mobile Solvent A : 10% THF, 90% Water
phase Solvent B : 100% ACN
Time Flow
. (ml/ | A% | b% | Cruve
(min) .
min)
) Initial | 0.3 60 40 | Initial
Gradient 5 | 03 | 60 | 40 | 6
10 0.3 0 100 6
12 0.3 60 40 1
15 0.3 60 40 1
Flow rate 0.3 ml/min
Injection
volume 2uk

2L/min FF#0 8 ¢ Z~72WE 23l 2 4-DNPH
Cartridgeo] EF &A1, BIEAIZE wjE7l29
MF77F £FEHE AR AddA IHITIE
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