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PM,, of automobile exhaust optical absorption coefficient
measurement based on photoacoustic spectroscopy
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Abstract: Ultra-fine particulate matter (PM,,) emission from automobile exhaust and its aging process in
the atmosphere have a significant impact on human health and environmental climate. In this work, the
optical absorption coefficients of PM,, in the exhaust of 18 automobile under no-load idle state and after 4
hours and 14 hours of light aging were researched with photoacoustic spectroscopy at 1064 nm. The results
showed that the optical absorption coefficient of PM,, in vehicle exhaust decreases obviously after the

implementation of National V standard in China, which is positively correlated with engine displacement,
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service life and weight and the optical absorption coefficient of PM,, increased first and then decreased
during light aging. This work provides an experimental basis and data support for further understanding of

the light absorption characteristics and environmental behavior of PM,, in automobile exhaust.
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Fig. 1  Schematic diagram of aerosol optical absorption coefficient measurement system
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Fig.2  Frequency response curve of photoacoustic cell
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Fig.3  Sample collection unit. (a) Sampling site; (b) light shielding process; (c) collected automobile exhaust gas
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Table 1 Parameters of the test automobile

National emission

standard Automobile brand Weight/kg Service life/a Displacement a/Mm’
PEUGEOT 1350 12 14T 77.39 +5.153
NISSAN TIIDA 1321 12 1.6L 82.20 £+ 1.649
i SONATA 1435 13 20L 89.77 £ 7.007
CITROEN C5 1600 12 23L 85.77 £2.989
CITROEN C-QUATRE 1321 8 1.6L 67.91 +2.061
SAIC VOLKSWAGEN TIGUAN 1744 7 20T 58.94 +£2.596
AUDI A4L 1615 11 20T 77.02 £ 8.965
LECHI 880 10 1.2L 75.49 + 1.237
BLUEBIRD (SYLPHY) 1180 10 1.6 L 74.47 £2.267
v CHANAN ALSVIN 1120 11 I5L 76.66 £ 2.885
AUDI Q3 1560 7 20L 56.97 +9.288
SUZUKI SWIFT 1040 8 1.3L 60.13 +7.937
ENVISION 20T 1685 7 15T 43.15 £5.059
BUICK EXCELLE 1210 8 15L 65.29 £ 10.72
BEIJING HYUNDAI AUTO 1428 8 1.6T 67.35 £9.080
CITROEN C3-XR 1200 5 1.2L 36.82 £ 1.989
SAIC TIGUAN 280TSI 1552 3 14L 35.05 +3.195
M LAVIDA 1318 3 14L 26.10 + 6.404
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Fig.4 The measured of the optical absorption coefficient immediately of PM,,.

(a) Service life less than 10 years; (b) service life of 10 years or more
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Table 2 The a of automobile exhaust under different sunlight time

. The o measured The o measured after 4 The o measured after 14
Automobile brand . . . .
immediately/Mm™ hours of sunlight/Mm hours of sunlight/Mm
LAVIDA 26.10 49.05 18.78
SAIC TIGUAN 280TSI 35.05 43.14 19.91
CITROEN C3-XR 36.82 45.40 36.14
ENVISION 20T 43.15 53.02 25.08
AUDI Q3 56.97 67.98 42.49
SAIC VOLKSWAGEN TIGUAN 58.94 82.29 53.10
SUZUKI SWIFT 60.13 72.88 47.69
BUICK EXCELLE 65.29 84.23 31.19
CITROEN C-QUATRE 6791 82.78 35.24
BEIJING-HYUNDAI AUTO 67.35 72.58 28.35
LECHI 75.49 78.70 29.25
BLUEBIRD (SYLPHY) 74.47 82.92 30.89
CHANAN ALSVIN 76.66 80.45 50.42
AUDI A4L 77.02 84.23 43.14
PEUGEOT 77.39 89.19 32.30
NISSAN TIIDA 82.19 90.94 42.11
CITROEN C5 85.76 93.27 36.06
SONATA 89.77 95.02 43.15
— [ ] measure immediately [] measure immediately
7771 4 hours of sunlight @ 100 P77 4 hours of sunlight (b)
il [ ] 14 hours of sunlight 7 — 7 [__| 14 hours of sunlight - _7" 7
1 7 1 n SO oy ﬁ7 n 7 A [
| ﬁ% _? ﬁf _i ; 2 7 60
: :
40
X s
B PO T A
R P o B vyéﬁk Y}SQ\" Q@o‘o Y‘?&\@ &‘o“’% %oév
¥ & g E
RS ¢

Automobile brand

K6 JulfARI TR R S (a) fEHFER 104ELL; (b) MEAIAEIR 1042 & DL E

Fig. 6  Optical absorption coefficient under different sunlight time.

(a) Service life less than 10 years; (b) service life of 10 years or more
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