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Effect of cold and warm start on Hazardous emission
from In-use Gasoline Vehicles

MURAKAMI Masahiko*, KINOSHITA Teruaki, OKAMURA Hitoshi and YOKOTA Hisashi

* College of Science and Technology, Nihon University

Summary

To characterize the emission of hazardous from gasoline vehicles in the phase which operates in cold
running phase with cold- or warm-start, CO2, CO, NOx, and Volatile Organic Compounds (VOC, 56 species) in
exhaust of nine in-use gasoline vehicles were determined. In the exhaust of cold-start phase, emission factor
of hydrocarbons (HC) was increased ca. 35-fold and ca. 97% of them originate start exhaust. CO and NOx
emission were increased ca. 4- and 2.5-fold, respectively. In the exhaust of warm-start phase, NOx emission
was slightly increased compared with cold-start phase, while both HC and CO were decreased. Emission
pattern of VOC in the exhaust of cold-start phase was different from that of hot-running phase; while the
cold-start exhaust contained isobutene, 2-methylbutane, propylene, 1-butene and t-2-butene with relatively

high fraction, the hot-running phase exhaust contains heptane with higher fraction than others.

Keywords: cold-start, warm-start, vehicle exhaust gas, CO, NOx, HC, VOC.
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10-15 mode 11 mode
oY | ﬁ"x‘,ﬁ 1t€;% Normal 10-15 Cold 10-15 Coldi& N5 Cold53 5 (ColdHi148 /Cold) Warm 11 Normal 11
4 o} = oldlg o]
| 1 Folmaldehyde 0.03 0.6% | 0.45 0.6% 0.42 0.5% 0.92 0.05 0.4% | 0.44 0.3%
| 2 | Acetaldehyde 0.03 0.5% | 0.33 0.4% 0.30 0.4% 0.91 0.05 0.4% | 0.51 0.3%
| 3 | 7 Acrolein ND 0.0% ND 0.0% ND 0.0% - ND ND 0.00 0.0%
| 4| }_IZ Aceton 0.02 04% ] 0.35 0.4% 0.33 0.4% 0.93 0.06 0.5%| 044 0.3%
| 5 | ?:— Propionaldehyde 0.00 0.1% | 0.00 0.0% 0.00 0.0% 0.10 0.00 0.0% | 0.00 0.0%
| 6| r Crotonaldehyde 0.00 0.1% | 0.00 0.0% 0.00 0.0% 0.09 0.00 0.0% | 0.00 0.0%
na Butylaldehyde 0.02 04% | 0.07 0.1% 0.05 0.1% 0.69 0.01 0.1% | 0.05 0.0%
8 Benzaldehyde 0.01 0.3% | 0.02 0.0% 0.00 0.0% 0.13 0.02 0.1% ] 0.02 0.0%
| 9 | Acethylene ND 0.0% | 0.07 0.1% 0.07 0.1% 1.00 0.00 0.0% | 0.40 0.2%
|10} » Ethylene ND 0.0% | 0.40 0.5% 0.40 0.5% 1.00 0.02 0.2% | 0.69 0.4%
1] v Propylene 0.02 0.3% | 2.63 3.2% 2.61 3.4% 0.99 0.13 1.0% | 4.49 2.7%
| 12} "7- 1-Butene 0.02 04% ]| 2.09 2.6% 2.07 2.7% 0.99 0.86 6.5% | 16.70 ] 10.1%
| 13] : 1,3-Butadiene 0.06 1.1% | 0.31 0.4% 0.25 0.3% 0.81 0.01 0.1% | 0.49 0.3%
| 14] & t-2-Butene 0.05 0.9% ]| 0.98 1.2% 0.93 1.2% 0.95 0.44 3.4% 8.71 5.3%
| 15} 7 c—2-Butene 0.02 0.4% | 0.98 1.2% 0.96 1.3% 0.98 0.15 1.1% 7.87 4.8%
| 16] ; 1-Pentene ND 00%| 0.24 0.3% 0.24 0.3% 1.00 0.01 0.1% | 0.33 0.2%
| 17] L ] 2-Methyl-1,3-butadiene] 0.00 0.1% | 0.23 0.3% 0.23 0.3% 0.99 0.00 0.0% | 0.26 0.2%
| 18] > t—2-Pentene 0.02 0.3% | 0.24 0.3% 0.23 0.3% 0.92 0.07 0.5% | 045 0.3%
19 - c—2-Pentene 0.01 0.2% | 0.26 0.3% 0.25 0.3% 0.96 0.02 0.2% | 0.32 0.2%
20 2-Methyl-1-pentene 0.01 0.3% | 0.02 0.0% 0.01 0.0% 0.43 0.02 0.1% ] 0.03 0.0%
| 21 Benzene 0.08 1.5% | 3.09 3.8% 3.01 4.0% 0.97 0.94 7.2% | 4.59 2.8%
| 22 Toluene 0.74 13.7%| 9.67 11.9%| 8.93 11.8% 0.92 1.30 9.9% | 26.03 | 15.8%
| 23| Ethylbenzene 0.07 1.3% | 2.24 2.8% 217 2.9% 0.97 0.12 0.9% 3.72 2.3%
124) p,m-xylene 0.08 1.4% 1.83 2.3% 1.75 2.3% 0.96 0.19 1.4% 542 3.3%
25 g Styrene 0.01 0.2% | 0.29 0.4% 0.27 0.4% 0.96 0.01 0.1% | 0.22 0.1%
1 26] j% o—Xylene 0.05 09% | 244 3.0% 2.39 3.2% 0.98 0.11 0.8% 3.41 2.1%
| 27| Isopropylbenzene 0.01 0.1% | 0.09 0.1% 0.09 0.1% 0.94 0.01 0.0% | 0.09 0.1%
28 Propylbenzene 0.01 02% | 0.47 0.6% 0.46 0.6% 0.98 0.02 0.2% | 0.49 0.3%
ﬁ 1,3,5-Trimethylbenzene 0.04 0.8% 2.31 2.8% 2.26 3.0% 0.98 0.07 0.5% 2.30 1.4%
30 1,2,4-Trimethylbenzene | 0.04 0.8% 1.75 2.2% 1.71 2.3% 0.98 0.06 0.5% 2.16 1.3%
31} i-butane 0.14 2.7% | 1420 |17.5%| 14.10 |18.5% 1.00 1.61 12.2%| 23.48 | 14.2%
32} 2-Methylbutane 0.13 2.4% 1.77 9.6% 7.64 10.1% 0.98 1.67 12.7%| 8.05 4.9%
33 2,2-Dimethylbutane 0.01 0.2% | 048 0.6% 0.47 0.6% 0.98 0.10 0.7% 1.14 0.7%
| 34] 2,3-Dimethylbutane 0.07 1.3%| 0.63 0.8% 0.56 0.7% 0.89 0.11 0.9% 1.37 0.8%
39 al 2-Methylpentane 0.05 09% | 2.98 3.7% 2.93 3.9% 0.98 0.25 1.9% 6.92 4.2%
36 s 3-Methylpentane 0.06 1.0% | 242 3.0% 2.37 3.1% 0.98 0.28 21% | 4.83 2.9%
|37 7 2,4-Dimethylpentane 0.00 0.0% | 0.27 0.3% 0.27 0.4% 1.00 0.00 0.0% | 0.46 0.3%
38 WV 2-Methylhexane 0.02 0.4% 1.78 2.2% 1.76 2.3% 0.99 0.13 1.0% | 273 1.7%
39 ZJ 2,3-Dimethylpentane 0.02 04% ] 0.35 0.4% 0.33 0.4% 0.94 0.06 0.5% ]| 0.93 0.6%
40 3-Methylhexane 0.04 0.8% | 2.08 2.6% 2.04 2.7% 0.98 0.16 1.2% | 3.52 2.1%
| 41 2,2 4-Trimethylpentane ND 0.0% 0.13 0.2% 0.13 0.2% 1.00 0.02 0.1% | 0.14 0.1%
| 42 2,3,4-Trimethylpentane ND 0.0% 0.07 0.1% 0.07 0.1% 1.00 0.00 0.0% | 0.05 0.0%
| 43 2-Methylheptane ND 00%| 0.74 0.9% 0.74 1.0% 1.00 0.03 0.2% 1.01 0.6%
44 - 3-Methylheptane 0.01 0.1% | 0.86 1.1% 0.86 1.1% 0.99 0.02 0.1% 1.11 0.7%
45 54% Cyclopentane 0.02 0.3% | 0.23 0.3% 0.22 0.3% 0.93 0.02 0.2% | 0.21 0.1%
ﬁ 5 g methylcyclopentane 0.03 0.5% 0.87 1.1% 0.85 1.1% 0.97 0.08 0.6% 1.43 0.9%
1471 L Cyclohexane 0.07 1.3%| 0.23 0.3% 0.16 0.2% 0.70 0.00 0.0% | 0.50 0.3%
48 ) Methylcyclohexane 0.02 04% ]| 0.88 1.1% 0.86 1.1% 0.98 0.14 1.0% 1.41 0.9%
| 49 Ethane ND 0.0%| 0.75 0.9% 0.75 1.0% 1.00 0.23 1.7% | 0.86 0.5%
| 50 B Propane ND 0.0%| 0.15 0.2% 0.15 0.2% 1.00 0.06 0.5%] 0.19 0.1%
Bl n-butane ND 0.0% | 0.72 0.9% 0.72 0.9% 1.00 0.22 1.6% 1.15 0.7%
[ 52 7 Pentane ND 0.0% | 257 3.2% 2.57 3.4% 1.00 0.95 72% | 4.87 3.0%
53] WV Hexane 0.04 0.8% 1.68 2.1% 1.64 2.2% 0.97 0.17 1.3% 2.90 1.8%
| 54 7/3 Heptane 3.15 58.1%] 3.86 4.8% 0.71 0.9% 0.18 2.01 15.3%| 4.34 2.6%
55 Octane 0.01 0.2% | 0.45 0.5% 0.43 0.6% 0.97 0.02 0.1% | 0.41 0.2%
56 Nonane 0.03 0.6% | 0.20 0.2% 0.17 0.2% 0.84 0.05 04%] 0.17 0.1%
VOC& &t (mg/km) 5.27 — | 81.22 — | 7595 — 0.94 13.15 — | 16484 | —
HFID (HC) (mg/km) 2.2 — 71.7 — 69.5 — 0.97 65.3 — 352.3 —
* DES LU E R MAENT: BERVEAME MELDHBHENT: PRTRIRME
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