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Emission Characteristics of Soluble Organic
Fraction and Polycyclic Aromatic Hydrocarbons
from a Diesel Bus Fueled with Waste Cooking
Oil-based Biodiesel Blends
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(College of Automotive Studies, Tongji University, Shanghai 201804,
China)

Abstract: An investigation was made on a diesel bus certified
to CHINA V emission standards, and a test was conducted on
the bus cycle on a heavy chassis dynamometer in China typical
cities, the buses of which were fueled with diesel (D100),
5%, 10% , 20% waste cooking oil bend with diesel fuel (i.e.
B5, B10, B20 respectively) to understand the emission
characteristics of soluble organic fraction ( SOF) and
polycyclic aromatic hydrocarbons (PAHs). The results show
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that SOF component emitted by CHINA V bus is mainly

concentrated on fine particles with size of 0.1~0.5 ym, fatty
acids are mainly composed of even carbon fatty acids with 8~
18 carbon atoms, as well as the alkane component’s carbon
number is 16 ~ 36, the alkane component has a bimodal
distribution as the number of carbon atoms increases. And the
number of rings of PAHs is mainly 3rings or 4rings. Compared
with diesel, the particulate matter quality, fatty acid, alkane
and PAHs emission factors of CHINA V bus fueled with
biodiesel reduces, the ratio of SOF in particulates increases,
3-ring PAHs declines, and the particulate matter toxicity of
biodiesel is basically the same as that of diesel.

Key words: waste cooking oil-based biodiesel; CHINA V Bus;
particulate matter; soluble organic fraction (SOF); polycyclic
aromatic hydrocarbons (PAHSs)
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Tab.1 Main technical parameters of test vehicle

T H HASH
BER/kg 11 900
X 58 X B /mm 11 995X 2 530X 3 150
KEHIHER/L 8.820
BT B /km 98 875
JEAbERS E SCR
Hel HV

RIS BRRL R E V583 (D100) 1 V S 5 &
T T 4 A g ST 5961096 . 20 Yo FH HUTR & 1K 8k
-2 Se iR A R B (BT PR - B5. B10.B20) , 44311,

B5.B10.B20 ) FE#LIEFRUNER 2 i,

£ 2 45h.B5.B10 1 B20 = EEB U IEFR
Tab.2 Main physical and chemical indexes of D100,
B5, B10 and B20

WH D100 BS B10 B20

20°CH B /kg » m 3 811.8 821.7 823.5  826.9
20°CiahEE /mm? « s 4.099  4.394 4.530 4. 610
+A kA 50.8 51.2 515 52,9
{EHE/M] « kg™? 43.9  43.7  43.3 43.1
AER/N 0.4 2.42 4.1 7.62
BER/% 1.73  6.64 11.65 21. 38
KR ER/% 87.37 78.78  75.92 63.56
FRER/% 10.19  9.35  7.66 5.75

1.2 HEEERAR

I B H 5 MAHA-AIP 5 &K &0 Zh #L,
H 7 Horiba A B B E W E T W B E AR+
£ 4% (Constant volume dilution sampling system,
CVS), DLS-7200 i ki #) K & & 4t Dekati 4\ &)
FPS-4000 BSMBERHE RS . KE MSP A H] 11 4
AL 3 A DU AR BB ) 2 i 18 R 4 2% (Mlicro-
orifice uniform deposition impactor, MOUDD) .S 4H
a1 Ji 3% 556 A 43 #1AX (Gas chromatography-mass
spectrometry, GC-MS) %%, Ll & 1 & HEBUbr XS &
BORMHE AT R4, X2 E R BE WA 1 Fix.
T I K 8 58 4 [ s R SR AL Sh Bl b, AR
FRETRAY 70 %0 Inak, W WA T e Bl R e A
5 K.

BRI EWARERE, XKIEF R A GB/T
19754—2005¢ EAYIR-& 30 1 i SR 4 RE R I AE ik
B 7% ) HE 7 ) b I B 7R3 7T A 32 0B B (CCBC &
) G5 A A8 A L PR AT I T 2 R L E
BRI, KSR AR 3 55 LR Y &8
JF 000 G B 2 O % AR B R AL B B S 4 - ]
2025 B A, A R TR 22 X JE) AN H AR 4R
() E£3 km « h™' 38 LR WEA 5 BISIE 2 A
RAER B (0. 95) | Wi 5o 19 A ROk 1360 1 S )
FH CVS RGN E AL EM PR Y R, 'L 2 kKp
=] BRI T N SZHEER 5 B FPS-4000 5 5 # B 4%
FHGR R MR 8. 21, MBI 120°C, &5
FPS-4000 5 B B Ja 1Y BB S AT L A3 TR A
ZHRAERFERS RN EAR 47mm B4 RfE,
FAEBRLRASIE Y 0. 056 ~18 pm, 2k 11 2%, Hyfk
UESM TR R BRI B R S 1T, B 3 IR
CCBC &3,

1.3 SOF #1 PAHs %4777 i%
I 5 XA T JRR £ B 1 UKL , 75 S 5 B



1048

[l 3 K 2 RCOE BB 2% O

EEVE

AL ST
o « BHRHCTAS
E) 2 FPS-4000 MOUDI
T /) " 1
| R AKE - =i [
. e — GC-MS 43X
WEt Air
(=3 = CVS_J‘YUE
WSS e A 1
e || 0
EEfEE RREA ~) Wi R 5%
LU

1 {uXErsE

Fig.1 The schematic diagram of experimental apparatus
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YRR RS B ARE EB DB A D ARIRAR (&
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remin',32 °0C), AEA ARMBHE T IE . FHBE
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WaR E A E 50 ul, AN IR N IR R
Agilent S AH €355 1% Bk FH X (7890GC/5975MSD)
#4T SOF F1 PAHs 4317, 3l 53-8 5 148 R
HP-5MS(30 mX0. 25 mm X0, 25 pm) fA3%AL:, &4
R[RAEREAWHEN 1.2 ml » min™", A RE
k1 300 °C, fkpp A HERE, AR R R 1 pl BT
FHEA TRy 60°C  f-4F 2 min, R/FLA5 °C -
min~ B EFZ 300 C,{F+F 10 min, BJ57E 310
CTF/Eia4T 5 min, fRIEAIEH AR SRR &
Ui, B AT A R A EL B F IR, B TR E
3 230°C, 3O R 290°C, L FREE N 70eV. %
FH NIST JBRiBtrdi Pe . [F]B2E 8 85 33 7 vk (SIMD
ekl PAHs, 88 J5 R AR 5 4 2 Uk PAHSs (1
Hek &

2 HBRE5HH

SOF 2 H ARIAIRIM RIZRIE I L LU B AR AR
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R R BT T BER Y, B A T R HLEZ K A
HEA AR SEIl LB AT 00 BRI 2 43 R e DT T
BAR R AT R X SOF 1 HE B 4 5wt
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TSR AL 50 5 R SSURE 4 5 B PR A, SOF s J50kL
YRR 28%~36%,5 Wang %124 fyBF oy 45 B2
o1, Bk o SOF H il i & A5 ) S8 TR A L ] iy 33
PR XRE Dk AR AL TR ER
KRS 3508 AR W R s & S LA JBURL ) TR
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HEnTe),

181 61 ppe JA
EX OPM @ SOF _ @ fig /iR 8 %t)& 0 PAHs
E 151 -
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Fig.2 The emission of particulate mass and SOF from

CHINA V bus fueled with D100,
and B20

B5, B10
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B /& 2b W] 0L, B V AR SOF 4 5043 5 g
iR e ke i PAHs 3 25, BERGTR i SOF ¥ 64% ~
81 %, ke 19%~35%,PAHs (5 0. 5% ~0.7%,
BEE A ) SR A L B i 3 in . SOF 443 # PAHSs
FEAR. FHIE 2c AT O, BV A58 ZEHER I AS B AR e
12 PAHs FEF=HRZ 0. 1~0. 5 pm 40508 %%
WRFLE YD S G R RVRLAR JSURL  PAHs AR
4k, 5 D100 Ebds, B5 1 B10 HEjf 4 B B R b 2
AL RIAR 0. 1~0. 5 o 41E0KL Y 8 B BR TN 5 1)
WD AR 0. 5~2. 5 pm ZHFRIAI 2. 5~18 pm K

W

RLHERR A R 5 R FNoe 128 b ) 384 K.
2.1 BRI AsArERZA 5y

MR R R A B =AM R AR —K LS
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FHCH 6~12 WP EE IR FNak R FEORF 12
KAEERRTRR 3 25, BRI 2 BURL YY) Hh B K M
FHLY W 7 B BORL Y R T , B R R e, 7T
DASCARSURL ) 4 TR LA IR DY . BRI R 1 A= 9
sty R AT 2. BV AR D100,
B5.B10.B20 i i BR HE S 40 53 a3 B,

~ [ »==0.077 1x+3.248 B s D100 8BS 2B10 @ B20 _ 2.0¢ DI00 mB5 =BI0 OB20

4r @00k ] P 2
i 220 / 25t T
2 ) RSPy 210
= £ 057 A & e -
g | &= =7 & o5 A N A Pe
51 N 5 5 B n N N e
o= Q NS o o E A 7 N e
=<3 - 4 ’ =3 e N N AH HE

0 Q.Q‘) o @ R\g o (2] A8l A8 /A | 3

& & & 9 c8 Cl0 Cl2 Cl4 Cl6 CI8 €20
VH A FLfE/um HE AR
a BRI A F b SRR AR R HER c HRIFERA1 4

B3 EVaxERRA DI00,.B5,.B10,B20 KIS EEHER
Fig.3 The emission of fatty acids from CHINA V bus fueled with D100, B5, B10 and B20

Hi /&l 3a AT UL, BV 2238 48 P AR 1 S il i g
T2 HE T30 R B A 400 5 T L 491) 9 18 22 AR A B X
JEF, —J7 H L AW S & A TS E S YRR R
A FCTBURL ) HE TR A 5 3 — T T , A ) S T 7 B K
BEFE RN R SR ERCR B
BRFETERE s RN R R IERIVE T, 804 W 5 v AR
FRHE LA —E M REPLYE. B 3b BT L, B VAR
ZHEBCRINE R E B = AL TORLAR 0. 1~0. 5 pm,
0.5~2.5 pm MAIBURL, LA BRIAR 2. 5~18 pm BR
UKL, AN ASS SR FRLE W) 58T IS B 0. 05~0. 1 pm
FEANSTURL 0. 1~0. 5y 41 50AL A4 B B BR HE AR MK
B10 HERCHRIRAR 0. 5~2. 5 e 20 50RE 1 i 107 B2 AH
. I 3¢ AT, k4 SOF Hfig i R 4 4y F 2
R IE T E 8~ 18 BB AR Wi BR , C16 i [y IR 5t
BOBLIH 30 ~3400. B V3T 2R A ) 56
J&,C10.C12,C14,C16 F1 C18 85 B R& 1%, B10 Y
C8.C12 i1 C18 fERmaHEI R T D100.
2.2 BRYREESS

Pel R K BHFE T AIRAR T —KA NG
Ly LB EHEBO SR R R AR PR EE
Pz HVAZERA D100,B5,B10 I B20
Mkei s i 4 fs. B 4a AT 0L, B/ V AEE
SR FH A ) S £ Joe 2 TS PR IR, 2R W R L

BIR3S 0, Hbe R R R 7 . X R, — 5,
AW ST el o AR 48T HAE SR & L TS
e 8 1 A9 AR BT LR o A R ) e e HE L R 5 3 —
75 T s A W 55T 35 Ak T BB 22 I e i S B I IR HE T
B A5 0 S T B 4 B T T v

M 4b AT I, BV A 32 8 A D100 1 B20 #Y
R EE £ TR 0. 1~0. 5 pm K40 BUR
43590 b5 e HERR 9 79 %0 AN 51%, B5 A B10 HEAR K
WURLH 0 Bede2H o3 F 2 40 A TORLAS 0. 1~0. 5 pm,
0.5~2.5 pm 4R, LUK 2. 5~18 pm FYRIURL,
BUR[RIRLAR SR ) e S HE AR EAB 22 50 AR K. A58 2%
SRR A W) 5 5 BAR 0. 05~0. 1 pum FEAH UKL FURL
0. 1~0. 5 pm 45B0RL Y be 2 HERFEAR. 5 BS AN
B10 Ebd2, B20 HERCAIRLAR 0. 1~0. 5 pm )40 Fik:
R B I, B Ac AL, B/ VAR EFRLY
SOF Hffybe kil 73 AR T4 16~36 beke, A3
FIRFEY G R T 16~22 By beked 4334
hL BRI FER T 23 By bk 2H 2 AR, D100 1 B20
PR e e HE T I o ke T 5 ) 484 o 2 L 3 A5 5 W
S35 BTE C18 Fi C26;B5 1 B10 My )& HE ik Bk
JEF RO 38 hn S BRI oA, IS E I PR C18. 5 B5 L
i, B10 HERU Y C18~C24 Le ko 433 i, B20 HEAKX
) C23~C36 KRR s,
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Fig.4 The alkane emission of CHINA V bus fueled with D100, B5, B10 and B20

2.3 Fuhiyp PAHs A4 REFEIFM
PAHs 20k SOF 44 A ) 35 MEAR IR 1

0.041

y=—0.000 7x2+0.025
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—_
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Fig.5 The PAHs emission of CHINA V bus fueled with D100, B5, B10 and B20

HE 5a vl 0L, B VAL ERHAED LMY
PAHs HEBC R FFEAR. & 5b 0T 0L, B V A58 450
¥) PAHs HEil F B & TRAZ 0. 1~0. 5 pm. 0. 5~
2.5 pm YNSRI FTRLAR 2. 5~18 pum B RFIORL. 24
SR AE M) S BiAR 0. 05~0. 1 pm #8240 UKL
f PAHSs HERCHE I, FoAthokz 42 B OB A9 PAHSs HEji
FEAR.

d & 5b 1] WL, CCBC 183, B V /A2 HER#Y
Wk SOF sh &I 2] 5 PAHSs 2043345 19 #, 4
FEZE (Nap) , &4 (Acpy) . % (Flw) | 3E (Phe) | B
(Ant) .3 (Flua) T (Pyr) 24 (Ret) . %31 ghi]
FH (BghiF) \ZEH:-[a]# (BaA) J& (Chr) JE [ b+
k5B (BbF) \ZE I [e]tE (BeP) . ZE I [a] i (Bap) .
1,3,5-= R FR (NSO (B [ 123-cd ] ¥ (IND) (2K
FF[ghi ]t (BghiP) . —2% 3 a, h B (DBA) Fl /S A 3F
#(COR) 4§ PAHs #4r. HH, Z8(Nap) . JF (Phe) .
B (Ant) ME M (Ret) 414> F1 5 B HL BB, o
PAHs HEj (92 60%. 5 D100 ks, B V AR EM
FAA: ¥y Sy ik ) PAHs F1 %5 (Flw) L 3E (Phe) . B

(Ant) HEI-[a]tE (Bap) . ~# It [a, h]E (DBA) .
It ghi 7B (BghiF) % PAHs 4H /3R 1K.

BV A3 B R AE W S5 T HE B 28 (Nap) 4
PAHSs 43 F2{A05% 3 B, AT U, %28 38 ZE HE ik B ot
Ki¥ PAHs HMUHE 2~6 SRR EZ I FHF ALY
BURLY) PAHS HERUH o F 450 IR B AT 4028
H VA ZE# A D100,.B5.B10.B20 ¥ PAHs HEji
IR AN 6 .

20r ED100 NB5 BBI10 EB20

— —
[ee] N =)}

PAHs HE3%/(ng - JE™Y)
~

6 EYVAZEMA DI00.B5.B10 1 B20 9 PAHs HEA
Fig.6 The PAHs emission of CHINA V bus fueled with
D100, B5, B10 and B20
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%3 EVAZEME DI00,.B5,.B10,B20 HE A6 PAHs #k R 4 F=X
Tab.3 The species and molecular formula of PAHs from CHINA V bus fueled with D100, B5, B10 and B20

Fhk SFR Fhk HFR g HFR Fhk HFR
(1\;%;;:13) (1?151]) (Eo (Pﬁ) O‘O
“
: 5 ] 5
m o0 a9 wer oo
O e T O
<§r) Q‘OO <Puyjr) O‘ gﬁ:’?fw:séi ‘ gié% (;ggx)h : O‘OO
70
- ‘ - / R e
w0 oY e & am &
BiF[123-cd] AL ‘ iﬁ#[gbi] ‘OO‘O ANFEFEE O““
B (IND) OQ’Q  (BghiP) (COR)

HiIFE 6 "] 0L, [V ASZ 4R A D100.B5,B10 Al
B20 ki PAHs 417y FZ R B IE M B
3 38 PAHS; DA R o B A0 () BUH 8. 1,3,5-=
FEHIELE 4 35 PAHs, 3 35 +4 3F PAHs 443 5 5
PAHSs HEBUR L 70 %. X 528 RL 7 155 1) 457
HUSURY) PAHs 44> F 2 E F7EK3F PAHs, &3
) PAHs 8/ 2580 —80 5 D100 Hi, AT HEMR
i B5.B10 F1 B20 A=#5¢3H )5 » 3 31 PAHSs HECEAR.
ARIFPZEE PAHs X A SEFEARR 257 (a8
(BaP) B EH EHE P /B (U, S. Environmental
Protection Agency, EPAYHLZE K 16 ff PAHs 518§
FEPE BT B R W BT, A A BBV 2 335 R
RFEW . Nisber* 25 LIF I [a ] M AR, W1
&5 PAHs # % F BaP WUBUEB B, /B &%
PAHs M &F ¥ Y 8 A T (toxic equivalency factor,
TEP). 1, %3 [alt (BaP) f1 =% [a, h] &
(DBAEMEEN 1, K I (a) B (BaA) I (D)5
BU(BbF) . % 3 [ k] %¢ B (BKF) A i 3 [ 123-cd ] 8
(IND)FH: L& FF 4 0. 1, B (Ant) flJ# (Chr) F
PR E TR 0. 01, Har PAHs B4 #7240, 001,
PAHs £33 1% (BaP equivalent, Bgq) B AN ;
Beq = D2, W; X T; ¢
K H: Beo iy PAHs S580 MW, &7 414> PAHs 1§y
B 8G T, & A PAHs WEAESRFEF. BV

AZEHHRF D100, B5,B10 #1 B20 HEfr PAHs 4k
HEANE 7 B, BB 7a A0 BV AR BS.
127

o
o
T

0.6

031

PAHs &:3(#1%/(ng - B

TH
a PAHs %4tk

PM0.05~0.1 PMO0.1~0.5

B PM0.5~2.5 PM2.5~18
100
80
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40

20

3B PAHs 230/ %

5 B10
W
b 43kite PAHs Z3EME
B 7 VZAZZERA D100,B5.B10 71 B20 § PAHs Z3 54
Fig.7 The PAHs equivalent emission of CHINA V bus
fueled with D100, B5, B10 and B20
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EEVE

B10 1 B20 HEB AR PAHs 530035 P g A 1
T 2538 ZE R FE A 0 S ok HE B30 OR300 78 15
FEARAY. HE 7b WL, B4R 0. 1~0. 5 pm 41 UKL
PAHs F0 HLHIER. — BB 2E W S R B LR
SR PAHs BEERRARY , 5 H B ERHE A # 56
TR TR] A SCR P B A 0 S b Az 7= SRR R VR T K
JE I TR 7K 0 YR Vi A I PR, B AT A 2 JRORL
EHRGAGEAABEERANRED™, FBAK
A Y Sl R Y PAHSs S5 307 MBS 3
T K BR A5 AR B T IS L.

3 #Fit

(D BV AZZ AR A ) S 1k i 0B 4 I3 &2 HE
WA T RRAR, ORI SOF EL 36 K, SOF i fig
iR i PAHs FE A THi#E 0. 1~0. 5 pm [
YIBURL, SOF 2H 43+ PAHs 1.

(2) BV AZEHER AR TR 2™ 4 TRk
0.1~0. 5 um,0. 5~2. 5 um BIZNFRE , LI K RIAR 2. 5
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W BV AL EHR K PAHs UG EH%
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