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Exhaust VOCs Emission Characteristics from Motor Vehicles
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Abstract

Since mobile source is a major source of VOCs, quantifying emissions from motor vehicles is an important fact-
or to control VOCs in atmosphere. In this study, in order to evaluate tailpipe VOCs emissions from motor vehicles,
mass emissions of non-methane volatile organic compounds from 45 vehicles were determined. Measurements
were made on a chassis dynamometer using CVS-75 mode and speed specific drive modes. Target VOCs are 53
compounds determined as the volatile ozone precursors. The individual VOCs composition of vehicle emission and
emission rates were also determined. In case of gasoline vehicles, VOCs emission from over 80,000 km vehicles
were about 46% larger than less 80,000 km vehicles. The difference in benzene and toluene according to driving
mileage was 44% and 26% respectively. The composition of VOCs were different by fuel type. The order of VOCs
composition was paraffins > aromatics > olefins in gasoline vehicle emissions, paraffins > olefins > aromatics in lig-
ht duty diesel vehicle emissions. The VOCs emissions were decreased as vehicle speed increasing. These results
will be used to calculate total VOCs emissions from automobiles in the future.
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Table 1. Target VOCs.

No. Component No. Component
1 ethane 27  n-hexane
2 ethylene 28  trans-2-hexene
3  propane | 29  cis-2-hexene
4  propylene 30  methylcyclopentane
5 iso-butane 31  2,4-dimethylpentane
6 n-butane 32  benzene
7 acetylene 33 cyclohexane
8 trans-2butene 34 2-methylhexane
9 1-butene 35  2,3-dimethylpentane
10 cis-2-butene 36  3-methylhexane
11 cyclopenetane 37 2,2 4-trimethylpentane
12 isopentane 38 n-heptane
13 n-pentane 39  methylcyclohexane
14  2-methyle-2-butene 40  2,3,4-rimethylpentane
15  cyclopentene - 41  toluene
16  trans-2-pentene 42 2-methylheptane
17 3-methyl-1-butene 43 3-methylheptane
18  1-pentene 44 n-octane
19 cis-2-pentene 45  ethylbenzene
20  2,2-dimethylbutane 46  p-xylene
21  2,3-dimethylbutane 47  styrene
22 2-methylpentane 48  o-xylene
23 3-methylpentane 49  n-nonane
24 1isoprene 50  isopropylbenzene
25  4-methyl-1-pentene 51  n-propylbenzene
26  2-mehyl-1-pentene 52 1,3,5-trimethylbenzene

53  1,2,4-trimethylbenzene
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" Table 2. Classification of test vehicles.
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Table 3, Specification of test fuel.
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Fig. 1. Schematic diagram of chassis dynamometer.
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Fig. 2. Driving pattern of representative speed 24.6 km/h

for light-duty vehicles.
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Table 4. General consideration of analysis.

Item Condition
_ ) Ozone precursor
Target materials o . |
volatile organic compounds
Column DB-1, 60 m X 0.32mm X 3 um
Carrier gas flow rate 1.4 ml/min
QOutlet split ratio 10:1

Table 5. Analytical conditions of GC/MSD.
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Fig. 4. Comparison of VOCs emission rate by fuel type,
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Table 6. Comparison of exhaust VOCs composition by

fuel type.
Gasoline  Light-duty LPG
wiw % of VOC passenger diesel :
. taxi
car vehicle

Ethane 2.6 0.9 4.0
Propane 0.5 6.3 5.7
n-Butane 1.5 0.5 38.8
1s0-Butane 2.4 0.4 214
1s0-Pentane 5.0 1.1 0.9
Paratins pentane 4.1 3.5 11
n-Hexane 7.3 4.7 0.2
n-Heptane 1.4 0.4 0.1
n-Octane 0.6 0.7 0.1
Others 19.4 24.6 24
Total 44 4 432 74.7
Ethylene 8.4 11.4 5.9
Propylene 5.0 3.2 3.6
1-Butene 0.9 0.5 0.6
Olefins cis-2-Butene 0.4 0.0 1.0
1-Pentene 0.5 0.4 0.1
Others 5.2 53 3.4
Total 20.3 21.0 14.6
Benzene 3.0 1.7 0.4
Toluene 12.2 5.7 54
Ethylbenzene 3.0 2.6 1.4
Aromatics m,p-Xylene 2.0 0.9 0.6
Styrene 2.4 1.3 1.0
O-Xylene 2.6 2.1 0.2
Others 8.4 4.5 1.4
Total 34.1 18.8 10.4
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Table 7. VOCs components of test fuel.

n_

paraffins parafﬁns Olefins Naphtha Aromatics Total
C3 0.01 - 0.00 — — 0.01
C4 0.93 0.35 0.75 - — 2.03
C5 3.83 8.22 5.73 0.46 — 18.24
C6 3.06 9.12 3.88 2.24 1.15 19.43
C7 1.55 6.00 4.20 2.32 6.94 21.01
C8 0.69 2.98 1.33 1.24 8.17 14.40
C9 0.20 1.08 0.53 0.48 11.08 13.37

Cl10 0.15 0.58 0.12 0.08 3.35 4.27
Cl1 0.09 0.37 0.06 0.01 0.70 1.23
Cl12 0.03 0.05 0.00 0.00 0.05 0.12
Cl13 0.02 0.00 0.00 0.00 0.00 0.02

10.55 28.75 16.60 6.83 94.14
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Fig. 6. VOCs emissions by driving mileage.
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(c) Heavy-duty gasoline vehicle (HDG)

Fig. 8. Cold and hot start VOCs Emisgsions of 1,500, 1,800, 2,000 cc gasoline vehicles.
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