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Formation and Emission Characteristics of Unburned Hydrocarbons
During Cold Start of a Spark-Ignited Engine System
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Abstract

The emission characteristics of hydrocarbons during the cold start and the warm-up have been investigated with a
timed gas sampling technique. The experimental results show that the emission characteristics of hydrocarbons are
influenced by both the engine operating conditions and the heating characteristics of catalytic converters. The formatic
routes of engine-out hydrocarbons are estimated on the basis of the experimental results.

In the case of engine-out hydrocarbons, about 60% of them are unburned fuel components and the percentage cor
bution of C2-C4 olefins to the engine-out hydrocarbons increases as the warm-up proceeds.

The adsorption and desorption processes of the engine-out alkylbenzenes on the catalyst occur before the catalyst
light-off. The catalyst conversion efficiencies after the catalyst light-off observed for various classes of hydrocarbons
are in the order of C2-C4 olefins, alkylbenzenes and paraffins. Before the catalyst light-off, the C2-C4 olefins and
unburned fuel components are dominant for the specific reactivity ( SR ). After the catalyst light-off, on the other
hand, the unburned fuel components are dominant for the SR.

Based on these characteristics, it has been clarified that the total hydrocarbons and the SR are greatly affected by
engine operating conditions, the fuel composition and the structure of a catalytic converter.
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configuration.
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Table 1 Regular gasoline properties.

Characteristics Test gasoline
Density 15°C (g/cr) 0.7240
Boiling range temperature
T50 (°C) 88
T90 (°C) 153
Paraffines  (wt%) 41.6
Naphthenes  (wt%) 6.4
Olefins (wt%) 18.4
Aromatics  (wt%) 33.6
Sulfar (ppm) 45
RVP (kglenf) 0.74
RON 91
2500 100
Engine speed |
2000 | 80 2
460 £
1500 | Torque 1
— 40 g
1 - =
000 1
so0 Timed sampling timing | 0
0 ﬂl L l L & L 4 ¢
0 100 200 300 400 500
Time (sec)
Fig. 2  Engine operating procedures and levels of

timed HC sampling.
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Table 2 Analytical conditions.

DB-1 (0.53mng, 0.25um, 0.5m
Column ( . 0.2 )
+ DB-1 (0.25mng, 1.Qum, 60m)
—50°C (2min hold) _20°C/miny,
Temperature . 4°C/min o~ 8°C/min
program 20°C— 100°C—==MN y,
250°C (5.75min hold)
. He
Carrier gas
(Input pressure: 195kPa)
Split ratio 35:1

0000000 R& OODODOOVoL 30 No.2 (1995.6)



26

0. oooobooobooocbboooboo
oooo

goodddooooooooooobooooooo
ddoooooooooooooboooooooda
gooooooooe"bo0db0o0obooDbooo
00000000000 0O Specific Reactivity ( SR )
goooooboboood

SR = E(NMOGI)(MIRi)] / Z(NMOGi)

NMOGI ; iD00D0000000000 (g/ml)

MIR (Maximum Incremental Reactivity);

ioooooooooooooooonore?
(90/gNMOG)

goooooooooooooooo (ooooag
0)ooooooooOoooooooooooooo
0ooooooboooooooooooo

gobooobooobooobooobobooboboobo
goobooboobooboobooboobooo
goooboooobbbooooosgoooooo
oooooooooooooooooooo@oooon
QUOUOoOoDO@C2Cc4000000@IDnOn
gooooboooooooGoooooooooo
0000000000000 @MUOEoooooon
0000000000000 000000(@00(G)
Jbo0o00ooDoooobOooooboobcecz2oc4oaon
gooooooboooooboooobboooooo
ogoooooOol-0oooDi3sd00ooonl-ogo-
Jo0i1-0oooyn3gooooorz2oonoogo
gooooo

gobo3i00ds20b000boooboooboooog
goooooooboboooooooo

g.o0odooooooobobooooooo

goodddooooooooooooooooo
googooboobooboobooboobooo
goooooobooooboooboobo

Fig. 30OodooooooooooooooDoonDoo
00o0oo0oo0oooooooog (THC @ Total
Hydrocarbon OO0 00000

gobooobooobobobobooboobooba
gooooboobooboobooboobooo
goOTHCOOODOOODOODODOoOoDbOooooobooo
ooooooooooooooooooon (3000

0000000 R&D OODOOOVol 30 No.2 (1995.6)

ppmC )00 00000DOOO0DOODOODOOODOO
gooboooobooooboobooTHCOD OO O
goo0o0obOOo0obOoobooboooboobooo
godddooooouoooboboboboobboooog
0ooooooooooooooooooood

gooododdooooooooooooooo
gooooboobooboobooobooobooo
0o0oo0o00ooo000oD0OrFg. 3O00OD0O0O00OO
goOTHCOOOOOODOODOODOoOooOoooDooo
goooooo

oo ooooooooooo
JooooooooTHCOOOODODOODO Fg. 400
O0000000OKneppedl """ 0000000000
goooooboobexboooobooobooon
goooopoooObbOOoO0oOoOooooboooboboboo
goobobobobooobooboboboooboog
goooooooooooobobobobooboooog
0o00oo00o0oobooooboooooocz2oc40d
gooooboobooboobooboobooo
gooooboobooboobooobooobooo
000 (0DooobobDO0ooOoooooooo)yoo
goooooooog

goobodoooooooooooooooooo
00000000 O0Kaise “""O000000000O
godddoooooooooooboobooooa
gooooboobooboobooboobooo

15
% 13 r
i
] 1 ! I ]
9
20
€ 15t
j=5
g 10|
z st
)
£ of
| L L 1 L
0 100 200 300 400 500
Time (sec)
Fig. 3  Variation in air/fuel ratio and total hydrocarbon

concentration in engine-out emissions during
warm-up.
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