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Effects of Start Conditions on the Composition
of Particle Emissions from a Gasoline Direct
Injection Vehicle
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(1. School of Automotive Studies, Tongji University, Shanghai
201804, China; 2. Shanghai Motor Vehicle Inspection Certification &
Technology Innovation Center Co. Ltd, Shanghai 201805, China)

Abstract: Based on a stoichiometric gasoline direct injection
(GDI) vehicle certified to China V emission standards, the
particulate mass, particulate number, and the composition of
particle emissions during New European driving cycle
(NEDC) with different start conditions (cold start at 25 C,
hot start at 25 'C and cold start at 5 C) was investigated.
The results show that particulate mass, number and

copositions are significantly affected by start conditions i. e.
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the GDI vehicle bring higher particulate mass and number
emission when cold start at 5 'C, 81 percent of total carbon
(TO) is organic carbon (OC) when cold start at 256 C, OC
percentage changes little when hot start, but decreases 15
percent at 5 ‘C. Soluble organic fractions (SOF) are mainly
composed of fatty acids and alkanes, SOF components change
little when hot start, but PAHs fractions increase 24 times at
5 °C; Fatty acids are mainly composed of C16;0 and C18,
start conditions and ambient temperature have little effect on
fatty acids components; Alkane are mainly composed of
CzuHso \Cos Hsz .Cos Hs. and Cyr Hss » alkane components change
little when hot start, but change greatly at 5 C ; PAHs are
mainly composed of middle-ring PAHs and high-ring PAHs,
and these fractions changed greatly when hot start at 25 C
and cold start at 5 °C.

Key words: gasoline direct injection vehicles; start

conditions; particle; organic carbon; elemental carbon;

soluble organic fractions(SOF)
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R OC.EC HEBURRE , 43 TR Y EC &/ 5
MR TR S &, U BOBURL Y K HE A HLY) (water-
soluble organic mass, WSOM) & & 58 & &
[ RIEME. Storey FNBER T A FEAFAR 1 GDI
TRIMZERR FH 2 B B s HE A R M. Wed 220U B
X T ARG I35 PR ZE R ik 5T 4 o R 1 1
Mel. [ A 2 3 o YR T 2R PURLHE BRI 5% 3 22 4 7
B BB AR 4y A T S U 2 A B 5T AR
b, DR BRBRAEE 1 0 TR R
HVRIM IR 4 4 BB TR AR AE , SR 20 5507 dr
THRIMEFURY B 2 38 35 R S5 4 4% B B i S5
5T H IV IR ERR Y WA RA S A % GDI
VR A BURL Y ik T 20 43 T A WL A 43 B 5

FR AR IE.

ASCUL—E V HE GDI IR 4 A X 42
HAT 25 ‘CRILEZ).5 CRHLAZ .25 CHRHLES)
R MHRI 4 1 GB18352. 5—2013 T EIR 5,
3Tz GDI {5 ZEA B 2h ol i ok 4 G & L 40 &
VIR Bk TRk AT B PEA DL A S HERRRE.

1 REFR

L1 RBEESRMN

KB — B R R 1 390 ke WL V
HERL, HERE 1. 4 L A9 GDI ¥l 42, 380K % B4 Y
L R AR BB B L P B BRI P, 186
RN ERE V 95 Sy, FEHELEIRILE 1.

x1 Wl EERLER

Tab.1 Properties and characteristics of fuels

HE/ e mEE/ Foilip=e 3= e LNl iR FERER
(g*cm™3) T (mg * kg™1) /C /C aH/ % BE/N BE/N
0.761 96, 4 3 36.7 196. 6 40,4 11.4 39.1

1.2 RBRESHFR

AR E WEISS 22 Rl 5t h kAT IR
FIRGRE L1 °C s R A7 E SCHENCK i 48 Zh HLA%
AT S, K +0. 5%, R TEP, R
DEKATTI 2\ &) B 5 7 4% B 4§ (fine particle sampler-
4000, FPS-4000) X =4 B AT I 6, M RE LL.8. 21,
MREREE 120 °C, 28 J5 1 Y B0 58 38 BURL R 42 25 B X
TURLFEATRAE , RAEAN R A 47 mm {3 T,
FF DRI2001A £ A HL 8k /70 K Bk 0 A7 AR 38
IMPROVE (interagency monitoring of protected
visual environment) 43 #7 #p B B 6 & G B
(thermal optical reflection, TOR) 43 ¥ 3% £2 FUk: i)
W44y, FIH AGILENT 24 m] B0 635 Bk
FAA(7890GC/5975MSD) 4347 Hi 8 75 1 it 1 43 B8 R
2R B AT 7 MR OBL 4 4 (soluble organic
fractions, SOF) 4 73, R FH i 4P T vk ) 2t AR SR
., 07 HORIBA /A A MEXA-2000 % [ Hik:
i & 5 (solid particle counting system, SPCS)
# 23 nm~2. 5 um RLAENE [ PN A [ 2SS0k 0 HE
. 25 C.5 CRILESNNBRELEFREZL 6 h )5
AT, 25 CHALESHXIE R HLEZHIAE /5 30 min
HEAT.

RBFT TR GB18352. 5—2013( R MK %
5 G HE R A 37 vk R L5 LR B DT 84K
IR, RDIEFR 4 1180 s, i1 1 WOT X B H1E

O 2 F(HRBBFHEEIH) H, 1 FBe 4 AN
FRELE A 195 s 9 ECE-15 13RS on 4l 43 fi
s ECEL.ECEIL, ECEIIl f1 ECEIV #§ 3 8.1, /4
TEFATCR T ER S 19 km » h ', BP0 E
1. 013 km, ECEI 43,7 ZE A2 3 L. 2 3l — 4+
SERFIAIA 400 s IS X 18 505 SR 4 B, X B R
62.6 km « h™' , BB AT I EE % 6. 955 km, e R ZE &
120 km » h™'.

2 ABEHRESH

2.1 FnRrpHERR

& 1 % GDI 5% GB18352. 5—2013 T it
35 25 C¥ PR SN 5 "CR LA 3 L5 1 Uk o)
B BRI T

& 1 7751, % GDI &% GB18352. 5—2013
1 BRI SR ) B & B R HE Oz i 3l 5 2 T
K, 5 25 CTHRHLEESIEE, 25 CRBLES) TOLH
UKL B B B HE B R F Ay M REAR 22. 2% A0
34.5% ;5 CHRHLE S B BURL Y R = Bt 4 B3 K
12%F0 63. 3%.

& 2 % GDI 5% GB18352. 5—2013 T it
35 25 C¥ BWLAE SN 5 "CHR LA 3 L1 i ks 5
FHO R EE. T L% 25 CRPLAPLES) .5
CHEHLES) T4 ECEI {3 S on Uk 5 2 He s B
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Fig.1 Characters of particle emissions in different start

conditions
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Fig.2 Cumulative particle number emissions in

different start conditions

2.2 BHE/TERES

B 3 #iZ GDI &l 4 GB18352. 5—2013 T #liR;
I 25 CY¥ WL S) .5 CRHLE 30 L Uk 9
HERC B ) OCLEC 4 43 5 S0% i 4 03 WY B & 2 4K
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Fig.3 Carbonaceous component of particle emissions in

different start conditions

M & 3 A, % GDI &3 4 GB18352. 5—2013

T BRI TR M HE R R 20 4> E B R OC, 400 Bk
(total carbon, TC) K 81%, 5 Wei £ KB 5%
SRR, Fa 5 RER T RIAE S PM.s 1
woe /e VK FO AR LD, WOR4H R R OC £
R OC1.0C2 F1 OC3 41K » worr + wocz + wocs
iz A2 OC B 97 %. ki 4y EC
FH W ECL fil EC2 41, EC3 % &L HE.

5525 CAILEZ .25 CRMLES) TC ¥
woe /we AR, OC1 F1 OC2 # B & 70 Fom /N4
10%,0C4 A HUt KL 3. 7 45, ECL Fiit 43 50
Ky 2. 4 £5,EC2 BB/ 7000 X2&E N, 5
BT, PR ShBT, & ShpLPLARI G IR
EREm, HRERER, 8o FREMX /N
OC1.0C2 HAT4 BARA AREBL IR R 5. A
B, #8435 OCL,OC2 H 4 FEHEAE HP dh L ST AR L
TR B R BRE. LR B % EC A AE BT
FEAE W T AR A . — O T, LA 3N, BLAR G A
ERER BRI MR & B, AR S E 5, AF T
EC 14 B o5 — 7 BALE 3 R TR, X
FEB.AH T EC WAER. —HEAEH, B
TC 1 EC MR & /3 B A AR AR, [FRT, $OLE Bl i
43 EC2 EF 2 & 8 on 2 (4 Cu. Zr,Mn 55) B i
TR LR ECIPY, 30 EC2 Bt & 4 $0s 2
EC1 i@ 5us k.

5 25 CHHLESIHE, 5Lk SN TC Hig OC
RO/ N 15% , OC1,0C2.0C3 F1 EC2 4
BB BN 20%.15% .25 % F1 25% , OC4 #
EC1 JR@ /80 g 2. 2 570 3. 2 /% XA,
5 CHRHLE 3], ¥E SRR 5 BURT P B8 6 T8 B A8 X
BAR AT AP BRRLS £2 , [§145 EC p A4 i 3
K,0C RS T . Han 252 P9y R0, AE X 4%
KA IR BIRE A TR 4% 4 1Y, char-EC(ECD) , R
FIF soot-EC(EC2 #1 EC3) B4, EC # EC1 i &
SHEE R, EC2 SRt 7 B0/

2.3 AEMENAS

& 4 Rz GDI J5ih 4 GB18352. 5—2013 | Eli
5 25 CHHL AR, 5 C¥RHLE 3h i BUR 2 HE
AT B WU S

H & 4 B0, % GDI 35 %4 GB18352. 5—2013

T ZHABRLY) SOF HE A2 50 S 1 B2 5 K.
25 CHRHLESN B Y HE B B SOF 24 0. 22 mg -
km ™, 20K R S B HERR Y 20. 5% 25 ‘CHAIL
EF SOF Heih 0. 13 mg » km™" , £ Bk &
FBrEHER A 14, 9% 5 CWHLE SR SOF Hejk K
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0.04 mg « k™", 2 R BRI SR EHEBH 3. 5%,

SR R TR LA o EE AR R
eiE f % o5 R =26 B 5 S iZ GDI R %
GBI18352. 5—2013 [ BIRE: 25 CrRHL. L F). 5
CTYHLESIBRY) SOF HE AR iR btz fl %
I TFF 42 (polyeycelic aromatic hydrocarbons, PAHs)
H AR

B SOF 0O ik

25 °C 25°C 5°C
AFEES)  RPEES] AV
4 FEEZHTRER SOF REHEH
Fig. 4 SOF mass emission factor in different start

conditions
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Fig.5 SOF components in different start conditions

H & 5 B0, % GDI 53 4 GB18352. 5—2013
1 BUAB TR HE P i SOF 202> X8 2 AR ,
212k SOF 2431 82. 1% ; PAHs 11 i & 25/,
2524 SOF [ 0. 2%. 5 25 CAHLESI FE, 25 CH
BRSNS, B T PR B &, BE 1 i B8 &, JBURL
B9 SOF 4143+ i Wi R I 1t 43 83t K 7%, PAHs fik
BOBEATRAE. 5 25 CRHILESIHE.5 CTH
MLE B, FURL SOF 28 43 4 g 15 R o & 43 B w8
R, bR H08/ N 51% , PAHs i 2§08
RENL 5.5, KT 24 f5. XATREREN,5 CH
P Sl , FESIR AL T B0hT AR BE I B AR A1 , i
AR T BB B R PAHs Rgk & b Bl HEH #L
h.
2.3.1 &R

ok BB RR T A A R 2 S B E AL
REf, xF ARG E AR K B 6 Ri% GDI il %
GB18352. 5—2013 T BIKLS 25 C¥ HHLES).5 C

VLR B 25 AR TR 4H 43 i o A2 20 K. BT L, GDILYR
M RURLY) SOF 473 B IR TR =& th C16 AN
C18 A i, C16, C18 (¥ 5 2 F 2o Jig s iR 6 i 149
92 6. ¥ PAHILAL SR BRI TRLE X i Iy R 4L 43 32 W AR
K. RV J0RE ) B4 5 R 2 o o 23 B0 5 B Pl
PR HE A 12t /IN T HOAE 400 ) 10 B30k S 1 R 0 1R » 3 T

2 DR g 1 ik i B 0 R 6 2 ) o PR SR, SR
WAL
2.3.2 ki

SURL e AR W B 1 s X AR TR R G, p
ZREMERE=EEE. B 7 Nix GDL KM%
GB18352. 5—2013 [ ZUiX 5% 25 CHHL PR SN, 5
CRHLARSIET & BeAR 79 i 4K

®
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Fig.6 Fatty acids components in different

start conditions

£ 5l ——25 °C AHLEEH
| 25 °C #4HLEE)
& —— 5°C BhliEE)
=8

Fie]
NNNNNNNNNNNNNNNNN

B7 AEEHIREREAS

Fig.7 Alkane components in different start conditions

B 7 WA, 25 C¥HL AHLE 3% GDIL R
ZIBRL Y b iy bR g o HE R B BRI A B A, L
Cas Hso + Cos Hsz Cos Hsu B Cor Hss 530 £, R AN
Yl B 8200, ANLAZ Zh X BURL b SR 4 43 5
AR, RA Cos Hep I/ 20%. 5 C¥ ML ST, &
BB 2H o Lo B AR I TR R R, 5 25 T
Pl ABLE Shin b i o A T =22 5 B K. X0 B2
Ky TR ABE R 4 AR R PR R B TP A =4, 32 6T
WBR BRI B R.

2.3.3 ZHHERE
WokiY) SOF iy PAHs S &84 HHR
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AEUR BRI BR AR a5, BB SOF 4 438
SY IR . FREOME 9 PAHs BAGFEVE A BRAL BRI,
i ] AR PAHs 4325 2~3 B Iy/N4rF & PAHs
(low molecular weight, LMW-PAHs) .4 {548
F & PAHs (medium molecular weight, MMW-
PAHs) I 5 3% L) E W& 4 7 & PAHs Chigh
molecular weight, HMW-PAHs).

2 MiZ GDI /il ZE GB18352. 5—2013 T BIig,
5 25 CHHL. MR Sh.5 CHHLE 3h it & PAHs
AT B RS EL. T, 1% GDIRIHZE GB18352. 5—
2013 I 2% PAHs 443, w305 5 B & 40 Bk
THIRFRER S KT R RAES XS
Marr SFPV G 45 R 2600, 5 S8 W PL LA DU 3R LI R 19
PAHs JyF#2R 6. X T 882 H i e 75 & 1R
TR T M, IR RER B, —H 3L
TERE/EZNRAFTRERE RIS R, 2
BRI A 1R 3 S Y HE R AR X i e .

®2 FTEEZHIRK PAHs A%

Tab.2 PAHs components in different start conditions
25 THHL 25 “CH#L 5 C¥HL

PAHSs fii2k 23 2 P E7% 4
= 0.077 0.125 0. 035 2
A 0. 030 0. 034 0. 003 3
il 0. 005 0. 007 0. 002 3
I 0. 069 0. 081 0. 022 3
[iHE[3 0. 006 0. 004 0.011 3
¥R 0. 063 0. 069 0. 039 4
B 0. 073 0.114 0. 065 4
I [ghi | H 0.031 0. 007 0. 089 5
I (DH 0. 052 0. 055 0. 060 4
i} 0. 075 0. 066 0. 060 4
FI b+k)FEH 0.193 0.162 0. 150 5
I (e 0. 065 0. 053 0. 059 5
HIt ()T 0.014 0. 010 0. 006 5
TR 0. 003 0 0 5
BHE 0.031 0.019 0.078 6
1,3,5-=2RHR 0.016 0.015 0. 003 4
it (123-cd) B 0. 098 0. 068 0.169 6
HEF(ghi) 0. 062 0. 054 0. 039 6
T, E 0.014 0. 027 0.013 5
NEHRE 0. 025 0. 028 0. 099 7
S LMW-PAHs 0.187 0. 253 0.074
S MMW-PAHs 0. 277 0. 320 0. 226
> HMW-PAHs 0. 536 0. 427 0. 700
HE 1 1 1

55 25 "CHPLE S LLER, 25 "CHIBLE s HEI
PAHs AP35 35 & Fll o 31 55 92 o & 40 %00 51 36 R
3696 1520 » i PR IF5 1 B 8 4 BB/ 1N 20 %6, 33
A AL Sl AL PR B BE e AR A O e A 3R
TE B R 05 K S e e B A 4 TR B AR R 7 T

BT, Fp R AL ek ). 5 25 TRl
RIS TR HYLEH K PAHs K35 3712
IR KR B i A B BN 7020 20 %0, R R IR
Bt /- Hl R 31 %6, X RERFE K, 5 5 CF PAHs
B HOE KRR, 5 TR ShE , B <R
JEE A S B el R R AR P 3R A T 1R B 55 e
AL AT M

3 it

(1DGDI 5% ZE GB18352. 5—2013 T B L 5
LY I R HE O AR B SR I I AR R

(2)GDI VR ZEHE B R b i B i 4H 4
BIEA N OC, 2452 Bk TC B4 41 81%. OC
H1 OC1,0C2 il OC3 242k OC My i &t 4344 97 %. Al
—HEREE LR S TC 1 woe/wee BILA K,
REABEAZ 3 TC $ OC 1 L BIREAIR 1524,

(3)GDI R ZEHE B R 4 o SOF 4 4y %
R PENIR AR, Rl— A ERER HAWLESIXT SOF
45 B /N, IR RS 3 PAHs HLFI38 K 24

(~r
Hs

(O GDI M EHEB Y SOF iR R £ 2 2
C16.:0 F1 C18, 3Z &  HLE B A PRE IR R ML/ 5
%kéig% CZ4 HSO \CZS H52 \CZG H54 %ﬂ C27 H56 2 %7@\
PHILES 3l 52 M R O 32 B0 5 IR R AR A R i B
PAHs FZRE I M= IR I7 5, 52 BALE ) BRI
R A AL N
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