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Effects of Biodiesel on Fine Particles (PM, 5 )and Polycyclic Aromatic Hydrocarbons

from Diesel Engine
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(1. Department of Environmental Science and Engineering, Tsinghua University, Beijing 100084, China; 2. National Laboratory of Auto
Performance and Emission Test, Beijing Institute of Technology, Beijing 100081, China)

Abstract; PM, 5 emissions and polycy cdlic aromatic hydrocatbons (PAHs) in PM, 5 of pure biodiesel derived from different feedstocks were
investigated and compared with diesel fuel. B100-1(soyabean oil denived), B100-2(waste oil derived) and diesel fuel were tested on a diesel
engine bench at four operating conditions including wo steady speeds of different loads. The fine particles were collected by fiber quartz filter
and patticle phase PAHs were analyzed by GC-MS. Compared with diesel fuel biodiesel decreased PM,s emission rates with a maximal
reduction rate of 37. 3% at operating modes of high loads while increased PM, 5 emission rates at low loads. PAHs emission rates from
biodiesel decreased at all tested modes with a maximal reduction rate of 77. 6%. The emission rates of PM, ; and PAHs of B100-2 were
14 7% and 17. 8% times of B100-1. Tow molecular weight PAHs dominated in the emission of three fuels with phenanthrene as maxima and
2-ring and 3-ring PAHs accounted for more than 50% of the total PAHs. Toxic equivalence of PAHs emissions of biodiesel was decreased

greatly compared with that of diesel.
Key words: biodiesel; polycyclic aromatic hydmocarbons (PAHs); PM, 5; diesel engine emission
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Table 1 Fuel properties of diesel fuel, B100-1 and B100-2
1% MJkg ! Q0°0)X 106 fm2es !
D — 2.5 4.4
B100-1 11 380 6.9
B100-2 11 3R0 8.4
1I 90 L /min. 20 min.
( 13
)s 4CK, : 4.7 . [21, 22].
L; 16. 8; / 117 kW 2300 . ( -D8.
r'min / 580 N *m A 400 r°min . -D10. -DI10.% D12 $-DI2 )
Schenck . 20 mL R
DYNAS HT350 . 20 min, 3. ,
AVL AMA 4000, .
NO..CO HC 1400 r°min ' 1. OmL
L 25% 50% 2300 r°min | , » 0.4mlL, —27C
25% Y% . 4 ’
14
’ . GC (Agilent 7890)-MSD (5975C). DB-
12 5MS (30 mX 0.25 mmX 0. 25 m) .
2 (Deikit, ) . 60°C(5 min), 6 Chin—>290°C 290°C(30
. MSP Model 130 High-Flow Inpactor min); ; = ’ x
MSP PMio HL.
SIM . .
6 . (Pall 2500 QAT2U), .
450 °C 4 h. .
. PAH
PMio-25s PM2s 0. 99
75 mm, PMo-25 ,
H Omm, HV[zs 15 .
(Nap, 2-ring ), (Ace, 2-ring), (Acey, 2-
CO2 . ring),  (Flu, 3-ring), (Phe, 3-ring),  (Ant, 3-
6,~10 i . <50 °C, ring ), (Flu, 4-ring)s  (Pyr, 4ring), J (Chr
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Fig. 2 Total PAHs emissions rate and weight fraction of total PAHs in PM,
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Table 2 Concentration of PAHs from different fuels at various operating conditions Aug"mi3
AL D ¢ hemin 19%) B100-1 ( e min !, 1) BIO-2  (  [rmin !, 1%)
140050 1400/100 230025 230075 140050 1400/100 230025 230075 1400/50 1400/100 230025 2300475
Nap 0 262 0 438 0 351 Q771 0134 0.385 0.659 0.41 0.344 0442 0668 0.321
Ace 0 042 00 0 032 0 054 0.015 0.038 0. 009 0.03% 0029 0.038 0. 046 0. 047
Acey 0 015 00 0013 0 023 0.012 0.013 0. 004 0012  0.009 0.01 0.013 0.011
Fl 0 064 0 38 014 0 402 0.035 0. 086 0.021 0.028 0046 0.08 0.079 0.078
Phe 0 499 1 578 1331 3045 0428 0. 801 1932 054 0435 0818 1.878 1. 888
Ant 0 069 0 362 0 144 Q5% 0. 062 0. 081 0.327 0.067 0021 0.08 0.366 0.075
Flu 0 420 0 424 052 132 017 0.397 0163 0314 0135 0.308 0.218 0.289
Pyr 0 899 0 831 1028 1 485 0.28 0. 546 0.228 0.419 0195 0412 0273 0.375
BaA 0 030 Q017 0 015 0136 0. 006 0. 008 0. 005 0.005  0.012 0.002  0.005 0. 045
Chr 0 068 0 059 Q109 00985 0041 0.078 0.0%4 0.048 0021 0.038 0.024 0. 043
BbkF 0 175 0 093 0 006 0 104 0. 008 0. 006 0.003 0.006  0.018 0. 005 0. 009 0
BaP 0 034 0071 0 007 0 14 0. 006 0. 005 0 0 0 0 0 0
Pety 0 033 0 054 0 006 0 0% 0. 006 0 0 0 0 0 0 0
IedP Q 000 0 0 006 0 004 0. 003 0 0 0 0 0 0 0
BghiP 0 021 Q 027 0 0 0 0 0 0 0 0 0 0
>IPAH 2648 4 296 3710 8 274 1.206 2 44 3.37%5 1.889  1.265 2,233 3.579 317
2.3 PAHs TEF BaP
PAHs ,
BaP ) . Ctoxicology 4 , 2

equivalent factor, TEF) (TEQ, ). 15 PAHs
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Fig.3 Emission rates of catbon compositions in PM, 5 from different fuels at various operating conditions
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