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Fig.1 8 kinds of soot precursor considered in this study
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i A
No. Reactions
(cm®mol™s™)
(R1)  H+ CoorH =>Coot * + H; 4.2x10" 0 13000
(R2)  Ceot * + Hp=> CeorH + H 3.9%102 0 9320 S(i=1~m) Radical site generation
(R3)  Cypr * +H=>CoorH 2.0x108 0 0 Fig.3 Hydrogen-Abstraction reaction (R1)
(R4)  CyorH + OH =>H;0 + Copr * 1.0x10% 0.734 1430 y c
- t .
(R5)  Hy0 + Cyor * => OH + CprH 3.68x10° 1.139 17100 Coont (Ra d;’; site)
(RG) Csoot c+ CZHZ => Csoot'H + ZC(B) +H 8.00><:|.07 1.56 3800 ,;\\ /
(R7)  CHsz+ CgoorH => Cypr * + CHy 3.99><1071 3.933 11771 |’ ‘: f; ,' H H
4
(R8)  Csoot = + CHy => CgoorrH + CH3 4.48x1072 4.248 4277 L ,I/ N
(R9)  CyHjz+ CeporrH => Cyor * + AC3H, 9.538 3529 244492 \ P
(R10)  Cypot * + AC3H, => CooorH + C3H3 1.36 3.761 1088.9 CH » H
(R11) CoH + CoprH => Coor * + CoH, 2.00x10 0 0 o

Table 2 PAH condensation reactions considered in this study

S, (i=1~m) Increase 2 carbon atoms

Fig.4 Acetylene Addition reaction (R6)

k = AT "exp(-E/RT)
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(cm®*mol™s?)

(R12) A4+ 20Cgo-H => 16C(B) + 20Cqq-H + 5H, 7.51x10™
(R13) PYC2H-1 + 20Cqu-H => 18C(B) + 5H, + 20Ceo0-H 1.271x10°°
(R14) PYC2H-2 + 20Csu-H => 18C(B) + 5H; + 20Cqoo-H 1.271x10°
(R15) PYC2H-4 + 20Cq0-H => 18C(B) + 5H, + 20Cqo0-H 1.271x10°
(R16) BAPYR + 20Cqq-H => 20C(B) + 6H, + 20Cso0rH 1.44x10°
(R17) BEPYREN + 20Csq-H => 20C(B) + 6H, + 20CsqorH 1.44x10°3
(R18) BGHIPER + 20Cqo-H => 22C(B) + 6H; + 20Co0-H 1.79x10°
(R19) CORONEN + 20C,o-H => 24C(B) + 6H, + 20CeorH  2.541x107
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Fig.5 PAH condensation reaction (R12)
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Fig.6 Comparison of the experimental and calculated

Table 3 The experimental conditions of Alexiou.et.al. 1.0 -
% Experimental
Mixture (mol% in Argon) Temperature Pressure  Reaction value
CsHg  n-C;Hyg i-CgHig (K) (kPa) Time 0.8 —Calculated value
1.0 — — 1668-2414 187-329 >1ms Delete PAH
07 0.3 —  1733-2419 205-340 >1ms 2 s Condansations
0.5 05 —  1754-2361 218-334 >1ms = | —a-Delete R1-11)
0.3 0.7 — 1824-2384 231-346  >1ms 8
0.7 — 0.3 1634-2418 189-337 >1ms @ 04 f-e Delete (R6)
0.5 — 0.5 1740-2380 215-347  >1ms x * x
_ ; } x
0.3 0.7 1794-2399 232-362 >1ms 02 | / e
P
Table 4 Acetylene Addition reactions E—’A—-ﬁ—}"'—‘*i\
k = AT" exp(-E/RT) 00 ' — :
_ A E 1500 1700 1900 2100 2300 2500
Reactions (cm®*mol*s?) (cal/mol) Reference Temperature (K)
goox0’ 186 3800 Appel etal. @ Fig.7 The sensitivity of the surface reaction
Cooot * + CoHy => CypH + 2C(B) { 300x10°  0.78 3800 Murakami et.al. © (0.5% C7Hs + 0.5% i-CsHis, 1ms)
840x10 04 83889 Kazakov et.al. ©

— 307 —



FKEFIEIEN T T AEREICRIETHEE G 572
b, Appel 5DEEDIFENNT, Table 4 (/R TA LS 9
DEHF L O Kazakov b 9D EH % AV T IR 75
Hairolz.

Fig.81%, 1msiZHIF 5 M= 0.5%E A VA7 X
0.5%DIREIREHCEA LT, 7T F L rRmANMNRKIGED
HEEHAET L CGHREZFEE LM R TS, UG
TR EHDAEIZ X > TSoot yieldDFHRAEN R D Z
EDD, KREFAVIVHEINGTIAMEREIL, 7F
F L U REINIE O OGS R EE DN R E N
ENRyInoTe. —75, Appel 5 OEHIE, WangH101Z2
KD7 2= AT VBN L TCOTEF LIS
UTEDEREENTND. ZOREDOZYHEL 15
Bt SN TRV ONERTH D, £z, FixOXRE
WRETOMIEZISOMIETRESE TN L7120, E
B LTl L 22 D ARET N OREIZBNT, 7
BT L o REAINGS O EER A TS 5 2 L]

HRLEZBZADLND. 1272, SBERDIMFVNLIELE
bbb,
1.0
X Experimental value
0s | — Appel et.al.
= - -Murakami et.al.
S 06 | === Kazacov et.al.
2
>
S 04
g o.
(%]
0.2
0.0

1500 1700 1900 2100 2300 2500
Temperature (K)

Fig.8 Calculated vale used another CaHz-Addition
reactions (0.5% C7Hs + 0.5% i-CsHis, 1ms)

4 F£&&H

AL TR BB OTTAERET VL, ~VRRE
ZHEH U EMEIIITERE L —8T 223, FIFCLD
ﬁ,ﬁﬁ:;of%Bnéﬁﬁémg#%%f%LE
AN H 5. RSN T T AEREICKIETHEE
@%Ltk’%]%ﬂﬁ%i#?éﬁ%:ﬁbfﬂf
MMEL, HACAA =X MBI BT vF Lo ikt
MBS T T AR EICH L TEBZRIEFLTND
ARETNLYHEINATIAET, FEICAN
%7 T U o REHINOG O SRS E BRI L - TR
FEARE LT D, kxR ERBTOREE 1
DOOFUGTRESE TV BT BT Lo EEAIMNRIED
WEEREZRET 22T, T9EREOHAME K
BT 52 LIITRELE ZEZDNAN, 4%, EF LD
LI CTHE 2 DMEDAMLETH 5.

E 3TN

1)

2)

3)

4)

5)

6)

7)

9)

10)

— 308 —

Lee, K.,
Advanced Filtration Systems for GDI Engines,”
(Online) Available from
http://energy.gov/sites/prod/files/2014/03/f13/ac
e024_lee_2013_o.pdf

Raj, A. et al,

gasoline surrogate fuels for large polycyclic

“Particulate Emissions Control by

“A reaction mechanism for

aromatic hydrocarbons,” Combustion and

Flame 159 (2012), pp.500-515.

Wang, Y. et al., “Soot modeling of counterflow

diffusion flames of ethylene-based binary

Combustion and Flame 162

(2015) , pp.586-596.

BRI, 0L, “BRBEOAL T BOG-R AR
BARRORGFIERE-” BRBEFE 122 5 (2000),

pp.21-34.

mixture fuels,”

Wang, H., “Formation of nascent soot and other

condensed-phase materials in flames,”
Proceedings of the Combustion Institute Vol.33
(2011), pp. 41-67.

Alexiou, A. et al., “Soot formation in shock-tube
pyrolysis of toluene — n-heptane and toluene —
iso-octane mixtures,” Fuel 74 (1995), pp.153-
158.

Appel, J. et al., “Kinetic modeling of soot
formation with detailed chemistry and physics:
laminar premixed flames of C2 hydrocarbons,”
Combustion and Flame 121 (2000), pp.122-136.
AP LvEsE, BEEE, AFILGECR, ﬁ?ﬂiiﬁﬁE “?ﬁ%ﬁiﬁ
WL 7S &8 LTz Soot E7 /MZ L BfEAND
Soot A=k + FR{LIEFRDMEAT,” Eiﬂiﬁﬁﬁ& = W
ALSCERSS 46 MRS IR SCE (2010),
pp.147-148.

Kazakov, A. et al., “Detailed modeling of soot
formation in laminar premixed ethylene flames
at a pressure of 10 bar,” Combustion and Flame
100 (1995). pp.111-120.
Frenklach, M., and Wang, H., “ Detailed
modeling of soot particle nucleation and
Twenty Third Symposium
(International) on  Combustion / The

Combustion Institute (1990), pp. 1559-1566.

growth,



