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Chemical Characterizations of Particles from Direct-injection Gasoline Vehicles

-
LI Jia-chen', GE Yun-shan' *, WANG Hao-hao , WANG Xin', HAO Li-jun', /
(1. School of Mechanical Engineering, Beijing Institute of Technology, Bel}lng 100081, China; 2. Weichai Power CGo-, Ltd:, Weifang 261000, China)

TAN Jian-wei' " =/
Abstract; With the widespread use of direct-injection gasoline \ehldes ‘their tailpipe particulate emissions afe becoming d serious problem for the urban atmt)sphere The

—

study of tailpipe particulate components from direct-injection gasoline tehicles is an important preliminary work to“control-particulate emissions effectively. In‘ lhlb stud} ﬁwe
direct-injection gasoline vehigles-meeting the China-6 emission standard: were.dested to analyze the carbonaceous cpmponems water-soluble ions, and polycvchc aromatic
hydroc arlx)m of tailpipe paruculate emissions. [t was found|that carbonaceq,us substances were the major components of exhaust padlclqs accounting for approxlmately 70%.
More orgdmc carbon thdn elementd] carbon was found in thes partlcul emiSsions of direct- -injection gdaolmé v‘ehldes with QC/ E€ ratios of 1.03 to 3. 43. The study, also J
measm;ed various waterwsoluble lons of particles. The_iotal mds pro&'iohs of waler-soluble ions were 11. 3% 10 17.6% ) Cazt and SO~ were the main water- soluble i fons,”
with oil fadditives bemg thé niain source of these two ions. In addition, it was figtind that the PAHs emissioné werﬁ"sngmflcanﬂy reduced with stricter regulations. \PAHs émission
factors of GDI vehicles meeting the China-6 standard were reduced by mote than half of the emission factors of China-6-standard GDI vehicles. Moreover, GDI vehiclésthad a

high propomon of high-cyclie®’AHs emissions in exhaust phrtigles, which/damages public health and requizes more"aftention.

Key vﬁrds light-duty xehlcle% direetsinjection gaqolme engines; parlicles; carhonacglus substances; water-soluble ions; polycyclic dromatic hydrocarbons
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Fig. 1 Test and sampling system
FEFRE G 0 A S PE AR 1 em® /NFE, {8 DRI
Model 2001 A 543 M, # IMPROVE A #3022 1Y
POL G (TOR) i OC/EC L AEAR T i
ARUEATHN 15 mL 2585 T /K5 A FEHL 20 min, $2HL

AR ALUE IR 38 )5 {3 F Thermofish Dionex 5000 +
U P I A T JORL ) K VA 18 743 A, Hedh B
BT ¥4 Dionex Ion Pac CSI12A, BH & 7 4 1% 4
A Dionex Ion Pac ASI1. FHE T A% H BR & 0. 01 ~
0.02 pg-mL ™" FHXTFRHEMR 22 /N T 1.5; BB 711
K BR 4 0.01 ~ 0.1 wg-mL™", AH X A7 7 T 22 /)N
T 3.

T3 AT IR A HRR T A D8 4T R B 4
1y A 20 mL AEEAE SR A 10 mL R FE
60°C TR A HL 60 min, FRKF A8 BRI 46 E A 2 2
mL FEI. SR F 22 HE18 73 ] 6890-5975C AU A il
AL (GC-MS) XF £ [F EPA-13A ik ME R 16
flv PAHs #F 17 % & 0, Tk R RO 2.5
pe-mL ™ AERFS R E R 22 /N T 2.

1.2 A
¢ﬁ%£ﬁ%5%%ElAﬁmﬁ@MHWE
MY 7, FE P 4 V1L V3 ORI V4 mﬂiiﬁfz&%ﬁ
2, 400 V2 FIVS SR RE ST, ﬁlim V3 &
%mFM«%%éﬁm%T%ﬁﬁﬁ%%(GPF‘) Mﬁia_
ﬁﬁt?"ﬂﬂijxﬁﬁ'ﬁ/\lxﬁﬂﬁﬂ’] 92 ST v ik
HoXF 44 V1 V2 %n y3 FAEM m%ﬁﬁ%ﬁ:ﬁﬁﬁ%

S ST AT, % Va4 #I V5 E’J%%
ORI 1706 EWMEMﬁEQESWMﬁim
H ARG B2 .

*1 UREFRTEHEARSY
Table 1 Parameters of test vehicles
HARZSH Vi V2 V3 V4 V5
RHIHER/L 1.4 1.6 2.0 1.4 1.6
PSS = i = = i
Je Ab R B TWC TWC TWC+GPF TWC TWC
KYIF/kW 116 94 160 116 94
JE4i E 10.5 13 10 10.5 13
BT kg 1340 1270 2055 1506 1411
A3 LR km 566 3610 7321 408 785

1.3 g

5 IR A A Ad IRV A 3 WLTC 76 24 ik
i, WLTC J&2 ik HOAEE 3, R E B ok
B el B = B AL 4 AN ER 44 L. WLTC -
YR R 46,08 km-h ™' EAT 30 AR IL 23,26 km,
B 4k E] 131, 3 km-h ", Hodoin sk T He ) R
35. 06% , JEFF SFERT1 800 s.

2 HFR5ITE

B2 SZEA0 VI ~ V3 YRR 445 20 o HE ik
KlF. V1 ~ V3 1 WLTC 7§35 PM SHEBA 435k
1.60, 1.42 F10.99 mg-km ™" #RILAR T840 42 [
BB PM HERZFR1E M 3. 00 mg-km ™" A3 AL ER . Bk
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BOR, VI BRPRY BT OC (5 LH 58. 2%, EC
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FEAB 3500 1,03 #1134, /NT VI (IS5 V1 BX
TR H ) OC J 43 = B2 m AT 280°C 1A L
BRI, 1T 6 B PTMBR R R 58 4 AR IR BT Rl A4 4%
R 2 R A LA B AL )

3 ST PR BV 2 0 A5 R R S

Hi L 16.9%,0C/EC WfE N 3.43. V2 M V3 B fWFFE R0 HOAE SR Nk 2 iR, i T4 fdi FTRRE |

20 e 4 HERCRR AR AE I AG PR AN TR, 4500 5% v 424057

> ok WIHEON 7 22 580Kk, OC/EC HAETE 0.27 ~8.9 X
s| ?g’(ﬁlﬁmioﬂ ; ] P9, LRI BIFFE 2 GDI 4240 ki b 0C/
! h EC WUAH/IN T UE SRR 70 (PFD) A4 A G5
L cg BUREBTEFEIRRAT PFLAI GDI 44, 0C/EC ¥
£ S B LUAEL A3 A i R R S 6 ZE BA T PRI 225 L 45
s BRI, 0C/EC P-4 LU fE BV i TABF ST h GDI
&5 1 WL A OC/EC I LA, BEAb, 2 2 s ol 4

0C/EC H(E40T 9 FMEv i 42 OC/EC ;ﬂ'ﬁﬁdx

Vi v v3 ¢ BT 1. *Jﬂﬁtﬁﬂﬂmﬁﬂﬁﬂ}’ﬂﬁ i GBI i%%u

LEERY e i Ehﬂt%kﬁﬂﬁ &Eﬂiéﬂ = M’?
B2 WRAE@ERYASHRET FEIL X K, 78 J;&):ﬁﬂﬂgjméw: B éﬁﬂ@ﬁ
Fig. 2 Emission fg ctors of PM com onents fr es vehl‘c.les 7 -

- " §) ponent aﬂnt e KBRS,
1 Sal &1 jEFmmanasnnmF) [ © y & (L
..J.: | 'T:-'ﬁ:l .'I ‘I‘:i. %Ie 'omponents of PM in related stu,dles “ | ‘ __r“' — .-ﬁ

It 4 'F oc .ECIQ 7k{%é% mibigtrl, | W pos R ol

28.76 mgrmi 1l 24 13 mgemi' 463 m "jm iff | v — 5 uwed ) Y i
'IO 37 mg.hp’ 01"—20 mg-m = 0. 17 mg- mr'] -'ﬂ ." — _.u“ Eur0—33)-‘|- e FTPY A VR [40]
1:4@ mgfkm ! - 1.03 mg"ﬁh ' 0.46 mg- km“ ,;.96 1L Euro-3 NEDC bRl [15]
1.29 mg- IFH L AN 16 mg-km 0. 13 mg™¥m - fﬁj,:zﬂ‘iffkﬁ"l EsfuipsifE= LERE K [17]
0.74 g km-‘ 0727 g-km ™! 0.47 g-km ™! 2.74 mg-km ! = = A g PEMS® Seih [41]
50. 4 mg -km ~ 10. 8 mg-km ™' 39.6 mg-km ™'  154.49 pg-km ™' — NEDC Seim [15]

) BAH mi FRE R (1 mi =1.609 km) , “—" F/RSCHk A FHICEHE ; 2) NEDC FEFR T X BB 3) BRUNER T 4258 =
FEBCFR IR T 5 5) 408 PG 22117 IX i BERR A R 2 SRR AE 1 22 1O 25 B IG5 6) 1 5 X H ot &R 52

B BeHERCbRE s 4) 56

B 2 i8R T 3 i 4= 50 B A ek oK i N v o
BT WM T J 05 H. V1~ V3 R ASUBURL Y ok — G Sl o
VPR B T A HERCR T2 50 R 0.18 ., 0.25 Fi1 0. 14 -
mg-km ™, S EGAE] 11.3% ~ 17. 6% . Hrh 45 Fi Gl —

KBS T HOHERCR T 3 BT R, A2 B 5 Fi 200 | =

PHESF(Na*, NH; . K* Mg** fll Ca’*) "' 4 Fp 4
J& B TR EALMAAE R 7% Ca® AR HLIM A
IRy 2 A oy, O ¥ HE R N T ok, O 28.91
peg-km . Na® Fl NH, BFEHEE /T Ca®*
A 12,23 pwgekm T AT 11,09 pg-km ™' Mg*t 1E
WURLY) b i & B A b, S B HE R T A 2. 56
pg-km ™ FEFTINEEAY 4 BB B b (FO L CL
NO; Al SO2-
IKIETEBI B F, 0 103. 13 wg-km ™', X J& i TERHL
R B A B AR o AR T R b, Pl
A B ICR |, T BOBURL Y K P B B

= A
= =

R T HER F fug-km™!
3

=

Vi V2 V3
Wi 24
), S0; " WIS HER R Fa i T Ay 3 MREHEEY KRS THARET

Fig. 3 Emission factors of water-soluble ions

from test vehicle particles
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RIG R V4 F1 V5 BRIk EPA-13A
J5id:, %F 16 A PAHs i#475E 4007, anl&l 4 s, ok

(BaA) . ZIf[b] ¢ (BbF) | #If[a] BB (BaP) |
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V4 A BUR P A I B i i A PAHs S HE A

TN 1.30 wg-km ™", Hrdr Ant F1 InP A HE N T 5%

A B B JORE UL P — R I 1 b 8 Bl PAHS, 2y KL 0.23 pgekm ™', BaA W HERCH F RSN, Ry
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—_ e N HE T EK, 0,39 wgekm !, InP g HE i
< 03 N N FAL/NTF BghiP, 4 0. 32 pg-km ', 3 MK
El N 56 I 5845 2 Y A [) 26 B 42 495 B2 <UBURL ) i PAHs
gm 1 m HEl . X a5 B AT, BE 2 4 R RHE R
£ SN \ FIHEAR B 2 7, PAHS 19 5 HE BB R B 2 )
NN %, 8T E R 2 A HEROK T 0 GDI %, A
0.1 § N WS il A2 [ 7S AR T 9 GDI 40 5 PAHs (1 HE K
N R R F R — 21 D) | 1E'7i<FHKIEJﬁFﬁﬁt1‘T,{@$D{)_J1ﬁ
AN B
’ Map Phe Ant BaA  BbF InP  BghiP ﬁﬁﬂ EF?IJ E/J pAlls ﬂtﬁi %ﬁﬁ‘i’_‘jﬁ ﬁﬁj‘ﬁh %%
PAHSs 3 AR Hmﬁ%mﬁkﬁﬁ"ﬁiﬂﬁ/ﬁéﬁﬁmiﬁ
M4 WAEFEASH PAHs HHETF JERRRIEIES f/EHﬁHIEﬁJl El‘lJ H,AHs RS /\Fﬁélaﬁfﬁ/\i
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