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On the Behavior of PM and PAH exhaust emissions from Gasoline Direct Injection Vehicles
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Fig.1 Schematic drawing of the test equipments.

Table 1 Test vehicle specifications.

\ehicle A \ehicle B
Vehicle Weight (kg) 1580 1510
Engine Type L6 L4
Displacement (cc) 2997 1998
Compression Ratio 11.3 10.5

Fuel Supply System Direct Injection Direct Injection

Max Power (kw/rpm) 162/5600 114/6000
Max Torge (Nm/rpm) 294/3600 192/4000
Exhaust EW'SS'O” TWC+Nox storage| TWC

Reduction
Fuel Grade Plemium Regular
Regulation Year 2000 2005

Running Distance (km) 13000 10000




Teflon-Coated Filter 70mm¢

PALLFLEX, TX40H-WW

| Weigjhing | 25°Cc +3°C, 50% RH=3%

| 5min 2times, 100°C, 1000psi
Dichloro Hethane

sor | [Firer]

Silica Gel Golumn Fuel Luibricant
chromatography

FR1; n-hexane, 30ml
FR2n-hexane/benzene (1:1), 30ml
FR3 :benzene/methano | (1:1), 30ml

| ASE Extraction

GC - HPLC Analysis| | Mark | Main Component

FR1 | Paraffines
FR2 | Aromatics

FR3 [Burning Products

Fig.2 Flow chart of the chemical analysis
procedure.

Table 2 Properties of Test Fuels

Reaular | Plemiu JIS2
Density g/cm3 0.721 0.7402 ] 0.8285
Distillation °C
T10 °C 50 48 214.5
T50 90 94 287
T90 1595 122 336.5
RVP kPa 67 80
Octane Number (RON) 90.1 99.7
Sulfur ppm 27 3 7
PAH ppm
Phe 19.3 18 5
Py 1.4 5.11 4.3
BkF 0.09 0.072
BaP 0.75 0.89 0.03)
BaghiP 0.69 1.08 0.01
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Fig.3 Influence of driving condition on PM and

PAH emission for Vehicle A. (a)PM, (b)PAH.
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Fig.4 Behavior of PM number concentrations distribution under JCO8 Mode (Hot) measured by ELPI

for Vehicle A.
(a) PM
1.2 Plemium Plemium
o
= 1F
5 Regular Regular
©
oc 0.8
5
-— 0.6
(%]
(%]
‘E 0.4}
(W)
=02
JC08 Cold 11Mode Cold
Driving Condition
(b) PAH
1.2  Plemium Plemium
°o 1l Regular -
- mm Py Regular
né 0.8 1 BeP
S .
=06 1 BghiP
(7]
uE_I 0.4
=
<€ 0.2
o
JC08 Cold 11Mode Cold

Driving Condition

Fig.5 Influence of gasoline properties on PM
and PAH emission for vehicle A. (a)PM, (b)PAH.
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Fig.7 PAH Contents in oil before and after oil
exchange.
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Fig.8 Comparison of PAH emission between
the experiment before and after oil exchange.

DAANVFD PAH &% WMELTMRTH S,
o= sT 4 —EL b7 v 7 (DODI-2DIZSNTH
RLTWD, i3t o PAH ¥ 7> S 14l g
k”"PﬁTiE}ZLtPAHﬁw;%‘ﬂEL'C{@ TIAALTED
TA—BNLELEBE L TEZ NI ERXDNER, 21
5 O F O PAH OHEH PAH ~DO % 51220
TIE AR ER L, 8 1A A NAHLRI% IR

i L7- PAH HJEH BRI R 2 g LR LZ, 4
A NI PAH JEHH BRI L TR, A AL
HOER L7 PAH OBELEZ 51D 7,

0.02 1

— (a) PM - Veihcle A
£ B venicieB
:'30.015
c
o JC08 Cold
8 0.01
e
L
S 0.005
o

0

REG+ETBE7% REG+22%
Fuel Condition

REG+50%

(b) PAH

.3 E py
£, ] Bap JCO08 Cold
S BghiP
g | [ Bg
S VehcheB
= Vehicle A
£ . \
<
0_0'5

0

REG+ETBE7% REG+22% REG+50%

Fuel Condition

Fig.9 Influence of ETBE mixing ratio on PM
and PAH emission for Vehicle A and Vehicle B
(JCO08 Cold). (a)PM, (b) PAH.

3.3. PM BLU'PAH HEHEIZ 5 2% ETBE BE&
%05%

9L ¥ 2T —H >V ETBE #iE& L7=
k%@PMkiU&Ameg (25 2 D EEIZ O
CHE A B Axf4: & LT JC08 Cold ETIZ
BWTHE., ML= %2~79, ETBE DA
BRAEFOWEME & HICHMm ABM B & (12 PM 8k
B AR T 2 B 1) 28 4 B 40 D 08 Z OAE () 1 Bl
ATHIETH D, £/, & PAH 32 oW T HIK
W HEmRHY, GEARECTHS ETBE BE
’iéPMPMﬂﬁﬁ%%iﬁ%%kwiéo*%

aMﬁmA%i TR EWRHDHHOD
0)?@ EL-% @E%?4~€w$ﬂ%@
PM?)FHﬂijZxJJ% IEL B MMeT R ER
BOBLEHBE L TCEOEBIRI NI LML
nNTn5 &, SEOEBRERIZT + —BNLE L FEE
DM ZRLTNDZENDa—)L KEEOH VY



0.02 1
. (@) PM [ venhicle A
£ Bl ehiceB
§0.015 -
c
o JCO08 Hot
@ oo1
e
(1]
= 0.005
o
0
REG REG+ETBE7Y REG+22% REG+50%
Fuel Condition
0.3
e (b) PAH
X 0.25 JCO08 Hot
o)) ! Py
3 —
E’ 0.2 |:I BaP
% [ BghiP Vehicle B
0015 |
E .
5 i Vehicle A
E 0.1 |
a
0.05 | I
0 1 1 1 1 1 'l 1
REG

REG+ETBE7% REG+22% REG+50%

Fuel Condition

Fig.10 Influence of ETBE mixing ratio on PM
and PAH emission for Vehicle A and Vehicle B
(JCO08 Hot). (a)PM, (b)PAH.
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Fig.12 Comparison of PM and PAH emission
between GDI vehicles and DDI vehicles. (a)PM,
(b)PAH.

Table 3 Determination limit of PAHs.
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