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Study on Estimation of Marine Fuel Ignitability

by

TAKAGI Masahide

Abstract

The physical properties of marine fuel are determined on the basis of international standards for each category of fuel (marine
distillate fuel and marine residual fuel). Furthermore, different indices of ignitability are used for each fuel: the cetane index
for marine distillate fuel and the calculated carbon aromaticity index (CCAI) for marine residual fuel. To investigate the
effects of reducing the sulfur content in marine fuel, basic research was conducted focusing on the ignitability of the fuel. A
different approach was taken for each fuel, depending on its ignitability index. For marine distillate fuel, the effect of mixing
light cycle oil (LCO), which is a low-sulfur base fuel, was evaluated using the relationship between the cetane index and the
measured ignitability. For marine residual fuel, fuel modeling was performed by substituting known hydrocarbon groups, and
the model was used to evaluate the characteristics of fuels with equal CCAL.

The results indicated no difference in ignition delay regardless of whether or not LCO was mixed. This result was not affected
by changing the fuel injection method (pilot injection) or the ambient temperature. The hydrocarbon mole fraction of the
model fuel was predicted using the maximum entropy formalism, which demonstrated that marine fuels with the same CCAI

have different hydrocarbon compositions.
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1. FANE

BUEE B UEEL T ST S HAFRENCIE, 1S08217:22017 23 Bikk & LCTH Y, TDOHTiX A HEIMAEY
(Marine Distillate Fuel: 88 ) & C EilFEY4 (Marine Residual Fuel: fifAZE®EH) oFnFhicxt LT, &
e LITIREMEDSE STV DL BREMME E LI, BhREEE, B, 510N, RMbKEE, Koy, FEREEIRER
ENFH SN TOD D, BREFOE KIMEICOWTOFRIEL, A Bl 2 4654k, C ®Eili2S CCAI (Calculated Carbon
Aromaticity Index) & 72> T 5.

— s TR D RAAREH T 2020 200 IMO - (EBSMEFRER) 12 K D 0 HHlC K- T, 3.5% T2 5 0.5%
UUTICERE SNz, BIED 1S08217 Tk C HINOMIH /71T, NEMIIHES Z & (statutory requirements) | & G &
TS, REHE, A 78, B3 JUMMENC K50/ E21T7-o T, & DRMEDRILKFERITIRY 45T b
ToHb EMREN D BREI O SE L e DB E HNICIIE 2 KO ITIRAE L T Z & TERIS D, FiE o LR
NEEIN-Z LT, ZOEMOREGEIENERIND Z LIZkoT=. FrZ, ZRETCEHEMIZHWLNT
XM TH DL (Vacuum Residue: VR) 1%, EfLEE, @i TH o772, MERIICHEAEEG 2 RE S
AT, BRSNS RS U7 RBHIE A & FEEN 5 2%, 2 OWATMOBEMEISOZEE X, HAED C BIMORE
MMEFLTWAZ L InbREBENS.

2022 AL F TATOIZERIIGE TS HHEH S A REIGYE 2B 2 Bt SRR B9~ 200198 Ao
NER TRIARE O RBEMER M L ORENL ) TIE, 2 ORARBREI ORI LIS IGT 5720, BN ki
EHLU, EBENMAIT o2, AEME CEMTE, SEEERARLL O 207 Fa—F %80, AE
MTIHEE DM E N5 EHE S HM Ch 5 ikl (Light Cycle Oil: LCO) & %15 LCO IRAIZ L &
RER L SEROF KEOBRZ, C Bl IO RALKEREAS~DOET ML TIEEEEE L, CCAT 23 LU VRE
ORFEEFHE L72. A, CEMIIKHG LI MRETNE O % LU N IORT .

LCO /%, VB MRLEE O ORREM TH Y, Sy iIEEN O O L EFRSND . HAKHT
HCHDNFHEEREEGNE L, BMIZEA L T EARBEIOZ KK TT5. %0, REHUENIC
N 57-HI21E, LCORAEITHIBIND Z L1275 0, X U HEEAE L TH LCO FEA ORMIC L - TF
BRDOEKMEPME T2 afREMENR & SNz, L2 -> ¢, 3.1 TIX LCO IRA DA BT D IREL D35 K MEREZ BT
fili L7 R 2R3 5 2.
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C BB KMEFEIE S L THWSILD CCALIE, AR K MH7AREEE FIA-100/FCA  (Fuel Combustion
Analyzer) 2T HALD R SN2 EKFE EFHBBRIEH 2 BIEH XN RKEN ERALN TS, ZDIE
H O X DA CCAL #2522 RF DA HIREL & BIFE ORI REL OB B N 72 2 Z E WRRTH D L B2 6
5. CEMFPORAKFEDORIEKD, FAEICRKERPELRITTZENMEETED. L, EBEITHE
HOETORSERIETHZ LIIRFRETH D Z L0, EBEHI L OT7 7' 0 —F [FHRFERTIERW. Liedi-
T, 32 TIHEBROBEZET ML LT BT, ZOETIVREIORICKFEOGAREHET 2 FIELHEE L, EEE
ORI 2 XTEC LT, [Al— CCAI CHEM S 725 KMEREDN B 72 o ToRBI DR 3 Wit LTS R & BT %

3)

2. BENEER

2.1 &2 il

F =BT D AN ABREI DS KT, X AN ETORYEL 5TV D, B X AOFHNT,
1S05165:2020 (28 5 L 92 CFR =2 V¥ EMHIN D RIEAT 4 — BN = DU AW TED bV E iR T
1T d. HERBREIO G KD FHII S 3, LT D 2 DD BRAVKFED S B D FEHEREI OIRAREZEE L TRO B
7o &2 Al & EKMEORER D, HEREIOv X MMk E D, Z 2 TEAMER, =Yy U ANOIES
MNHRD B DEKBENE TN DRI 72 503, BRKBIUIREIR = OV NICER ST D, FKTDHE
TORMOZ &ETHS. RROMY, HEAEREHT 2 FEOREI RS U TER SN DD, RO H CREMERR K
DL AMIRESID. BUE, FAEMERELE L TAT X ATV ) F b Thy, _UZAF AT
EANFHTTH D2 ODOMAE DN, BREAERE L LT TEREE UREIND 5. TEMERE O Z Afix, T
DX TRIND.

CN =P +0.15P,,,, 2.1)
CN =P +0.163P,,, 22)

PAINTYT Y, Pun I ~T H ATV ) T2, PogglZ_X v B AT NAT X OERFEGER [%]) TH D, Bl 2 1E~
XY T H L OREREHEMET TN &, ERIOICEZ AmBEM L TV . AR & PR, fliofEgs
PREFCIZ 7220 2 FEEORBIOIR S RELET L= L X2, ZOBRBIONNENRSTT 558, FNENORERD
LEoFEkENRLERX 21), 22) EFRERICHEES OB S AL 2 FEOKES RN SRR SN DEOBRIT, 1=
HEREL 2 W2 & & DX Al & &5 KENDOBREFIC T 52 L1tk d.

2.2 &3 UiEH
T ARKITE X AT EFBEOH DFRIE L LT, £ 1500 FHEEORELOFE T 6 Ingham B N2 L > TROHH
oo BX BB CLIZLLTOXTEHESINS.

C.1.=45.2+0.0892(T,, —215)
+(0.131+0.901B)(T;, —260)
+(0.0523-0.42B)(T;, ~310) 23)

+0.00049{(T;, ~215) ~(7;, ~310)’
+107B + 608’

B =exp{-0.0035(D-850)} -1 24)
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T, Tso, Too lFBREFD 10, 50, 90 BE%H IR ["Cl, D IXBEHEE [kg/m’|THD. 7233, 1SO4264:2018
T X AliHS 32.5~56.5 T4 DOEENPHEREIICH D & &, 65 %DREI T X A& & & 85N, £2%
R T Lz LTWa.

2.3 CCAI (Calculated Carbon aromaticity Index)
CCAI (%, Zeelenberg & NI L > TIRESIZ C EHBOMT 2 H5AKMHECTH L. NI E7RT.

CCAI = p, —81-141log,, [ log,, (v, +0.85) (2.5)

pL T ISCTOREMERE [kg/m?®], viid S0°CTOEKEE [mm¥s] TdhD. CCALIL, REMY T-HORRILKER T
4:5( xS D B EFREOERREIE M S D IRBRFEOFNIG Th 5 5 &M (Aromaticity) & FHBIA D 0, 5 F %
DSBS G KPEDMEN & 2 FEBRVICREAT 5 2 & T, HAMEEEL LTl 2N TEHZ EERL T
%, C EIMTITFHIITE 2WIENR L A=, CCALITERE, Bk DA KMEDSHEE T& A E M f5E T
H5D. 728, Zeelenberg ©IE 19 FEHDIRELEZ VT CCAI 42 L TV 5H 728, 8 FFENEE Hh & 0E T & 2 REH
Th o2, MARERRG OREERH LICETRVWEEZ HZ LN TES.

3. PAMDE KT

3.1 AEHREBEERHOBFNIE?
311 #Eakkt

FAWTZIREL 232 1 1R, EREHLE O ST 5 ORISR (35 1 Base Fuel ; A~E) 7025, 27
FERIRA LT, LCO ZETe 3, BEn 2 MEOMRBIZER L7, B4 835 I OEHI LCO 25T
b, X UFEE 40, 45 Y OBREHILCO 28T b0, GER0HD L Lz, LCO L, M A, D, EIZIEE
FTW e, RELOAFNT, ' 35 HMSBREHI LCOIREH Y D7 C135w & L, 40, 45 fHX4REHE
Y AR T LT C140, 45, TNEFNLCOREDH VIZITw, 72 LIZIE wo ZffiF7=. Cl40wo, Cl.45wo ® LCO
O ERV2REHNE, M D, EDRAIAELETTHZ & TEX ARE40, 45 (fHEIZRD L9212l T0nD. £ 1
E & RO/ SOHEEREI) DR TV DAY, RPIRT HPLC (FifiRiks v~ 272 7 ¢ —) (ZCEH
SNTBRE RISy, S EESC LCORAEIY, ¥ UREICADETHEM, b LK TFL TR, »
FU, BX U AREEREI O O TRBETHZENTE NI 2R L TWA. HL, SFRHE LA
B DETILLCO DIRAIZ X » THEBELRSIIFRANCEL 72 5.

=1 HERN
LCO [vol.%] | Base Fuel | Cetane Index [-] | Saturates [vol.%] | Total Aroma. [vol.%]
Cl35w 18.2 A+B 34.1 53.0 455
ClL40w 40.6 C+B 383 48.8 48.4
ClL40wo - D+E 41.7 70.5 29.2
ClL45wo - D+E 447 64.7 34.9
Cl4sw 10.0 C+D 455 58.6 40.9

3.1.2 EERER

TR TGRS E 2 A\ ., ARREE, WEBKEh O B A b A RERICBE S, REERNO K E BT
5z ETI////J/&W®%ﬁkH£®mE,Fﬁ%ﬁﬁfé ENRTED., ERSFMEER2ITRT LI
FXPRSIREEIL 800, 900 K O 2 S5fth, MRBIESH X HUMES & 38 JORAVELREN R 20 N1 1y MBS A T o 7.
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®2 EEREH

Intake gas pressure 0.28 MPa

Intake temperature 170 °C 135°C

Wall temperature 170 °C 135°C

Intake gas composition 0,21 %,N279 %

Ambient Pressure  Pa 4.9 MPa 4.5 MPa

Ambient temperature  Ta 900 K 800 K

Injection pressure  Pinj 130 MPa

Injection duration Pilot Main
0.5 ms 8.0 ms

Injection interval 3.15ms

A vy MEFHIEEEF ORIV EOBEIZWEST 52 L THY, A vy MEFOKEITSE R 6) L Vi
HKENSENRO & o 1= EWEST & OirHE, D EMEFOSM, A1y N —FEHNHE 3.15ms, /34 72y Mg
HAK 0.5ms & L7=.

X 1 (255 %ﬁﬁwﬁﬁiwﬂ4ﬂyF%%@ﬁﬁ’iét5V%ﬁt%kﬁh®%ﬁ%f¢IEO%@%L
TV DREHI AR & FEE T, IRADRVIBREHIOM ST TRL TN D, BKE N T2 RERNRHDHH, =
Z TR EERIC X - THERR T X D REIERBLA &, RBIOZFEEL, BEf~OEE K2 12 ;ofﬁTLt
JESIDMREBEROGNT L 0 MBS BRAGRE DL N2 B35 F TORE & EF Lz, ERIOBRENZ &9 5 & i/
LRER L H D, BIROMEHA E LT LCO IBRADAH IR OENNI L B9 & RO Fioxt LT kiER
DIHIINT AEAIIE D BT, FRIHKIRE, /A 7 > MES &0 o 72 SEBRGFE 2285 L CH [RGB ATz,

XAy MEFHZ K> CEKEIEM L, FAkEBENOWESE (1 1y MEFOFETOFKENOZE L]
G T OB BN D H0) IETRFASIRE Tt & AREURE A RBE S T2 BRIC KR & < e B 2 L DMffgsd S 7.
ik,%I%EF&MK@%@TN4Dyh%ﬁ%ﬁikﬁk@niﬁﬁﬁéw,%me@%kLﬂif@<
725720 AFIER— O FA TIIBR B O 5 F AR B AT L o TEKBNNEEEE T X 72 923, AR
ToBREH ﬁ*#@ﬂA@kfiﬁﬁukﬁﬁé ERTERY. 2, Bido@y, HEREHIRE M S
TERL ST, IRy o & e E O T REEDEIGNRI L TH->Th, FlZIEEfiy chiui4 s #
VETHUDEINE, FENTVDRAKFEOFIEN RS> TNDTDEBEZLND.

8 T T T

Singleinj. Pilotinj.
Ta[K] 900 800 900 800
wico O @ < <«

61 \%\ % wolco @ @ < <« |
o

7 ~<
£ a} T 800K+
R A (R @ s
R \Q\ \‘1’“-'-{], _____ 44 .
R 900K
in: ;'*’-Eﬁffftf; ~~~~~~~~~~ Os.l.
o fsours g

main inj.|8.0ms pilot—mainlinterval 3.15ms

35 40 45
C.I.[-]

1 LCOEBEDHEIZLDIBFNEN~ADHE
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X 2 \ZHEEREL Z & D3 vy MEROFECTOBEIAR L RT. FEAIRE 800 K OFFRIT/AM, 900K (X
HRIRLTWS., MENSEZ AHEEOEVIEICIEATNS. 900K DB, 731 1y MEHOAMEZ L 5HE
FAEROEAIIRE 720 ZHUTK LT 800K DA, BUMMES TIL, RBHEIZ X - TEGARIIRNET
5. FHREOR CL4Sw TIFERAED E— 7 24 U D THRAGHIREE & Z D% OYERIIRBEO W 12 X 2 B4
Do DHM, FHIEMEL 72 DI2 LT3 > T, TIRGHHRBEOEIG N K E <78 5. CL35w TITMEH#E TERNIAE K
L, EETIRAREDIZ 2D, —F, "M ay MERE(T) &, EXRRHET 52 L TEREDE—2 (T
ROREANBEN L, BRARORKENMETT S LT, REHRIC X 2BRAROE DS 2D, B, &
DT HEFEAER TRHIIZE D b 7R o 7.

— Single Injection
- = PilotInjection

pilot  maininj. duration pilot  maininj. duration
a = H =
2.0 rc.l.45w : 0.6f i C.1.45w
v (C.1.45.5)

(C.1.45.5) I
Mo 0.3 =

[ (C.1.41.7) (C.1.41.7)

1.0 . :
T A :
0.0 ", T ; 0.0 pritm L™ .
2.0 [ C.I.45wo0 : 0.6 i C.l.45wo
(C.1.44.7) : I (C.1.44.7)
1.0 & 0.3r = :
N :
0.0 p—t— - ; 0.0 priironss L ;
2.0 [ C.1.40wo : 0.6F i C.l.40wo
)C\.m‘ 0.3F i
) . H
L e . 0.0 :

H.R.R. [kJ/ms]

0.0 [—H— . ® L e .
2.0 c.l.aow : 0.6F & 4 C.l.40w

(C.1.38.3) no (C.1.38.3)
1.0 = 0.3F = :

o A :

Y

0.0 (—— I ; 0.0 prt et :
2.0 [ c.I.35w : 0.6 C.1.35w

(C.1.34.1) i (C.1.34.1)
1.0 o N 0.3 = :

oo AVE
0.0 prtifrmmmesl TN ; 0.0

-5 0 5 10 15 -5 O 5 ZI:O 1‘5
Time after start of main injection [ms]

(a) Tu=800 K (b) Ta=900 K
K2 FHBED/NA Oy MESHI K DBHEEEADYR

3.2 CEHDKH AN HEE ®
3.2.1 MK DO ETIVIE L BITFEE

ROFBRE R & OHHBICIREE S T DIREHIRR RS RIAD 728, D X 5 7T Wb a2 To 72, fAE
IFEEFDORILAKSE, TbbR$E L KETHRSINAIEEFEO ST bRDIRAME LT, BHETZ G0
o OIREANIHED EIRE LTz, ©F 0, IR, BF, MERE2E500FBIOSEHITEE L WY, o
DIED T, TT WVRBIORIHRERE, PIEDBEIMORALAKFERE (DT 2TV A) ERAMOBALKSE (72 B)
WCKBIENA. K3 ICETF LA %<7

Z DX ITRELEER DAL AKFEIZ T T FEZ N ETITHIRBEEINTWAS D, HREIOBES, 51
BRKRE L, FEFERPES G LEEERDDBEENTNDHOT, a7 B ELTRILE. 7
JARIZIE, SHAE & U TRIBBREI OB, BREEE, TP541/06 1 & - THE SV BREEA S FCA I X » TRHlS 1
7oA KB DR S NHEEE # Al (ECN) @ 3 Ffi A W T\ 5. Zofud, WtEHER S RFRIZFIH L,
ETFIVRBI R LT, BT Y A ORAVKFEL, NREL OEEH 5 & & Al DRV KSE 73 FREE L,
Inokuchi & NZ & - THEENFHU S LR EHE ALK 15 O S L Lz, 2 b0y A&,
E#DOn-T N, SRR 1S TOET VY, TIAFARCB Ly, TIAFILFT7H Ly, SEEFETH
5. BELIEAETORIKFEL AERORIITRT. ZUTHLTAHTIY BlE, DATORXTRIEE, B,
¥ B AMOIRG R ZT =T & O Ml 2 FF > EEUL SN RALKFETH Y, ZORILKFOSyFHEEE, WHER
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ETNFNFET L > THERESND & LT,

( Marine fuel (Residual marine) )

4 \Hf N\

/\/\/j/\)\ @@ ces
HAXA ne 00
o O~

T T
S @@ 88 types) 1type

Category A Category B
3 ETNAHOBEH

O

®3 ETILEH HTIYAN AOERSRIEKE

n-alkanes (15 types)
hexane, heptane, octane, nonane, decane, undecane, dodecane, tridecane, tetradecane, pentadecane, hexadecane,
heptadecane, octadecane, nonadecane, eicosane
i-alkanes branched : | (17 types)
2-methylpentane, 3-methylpentane, 2-methylhexane, 3-methylhexane, 3-ethylpentane, 2-methylheptane,
3-ethyldecane, 4-propyldecane, 5-butylnonane, 5-butyldodecane, 7-butyltridecane, 2-methylheptadecane,
8-propylpentadecane, 9-methylheptadecane, 2-methyloctadecane, 7-hexylpentadecane, 9-heptylheptadecane
i-alkanes branched : 2 (13 types)
2,2-dimethylbutane, 2,3-dimethylpentane, 2,4-dimethylpentane, 2,2-dimethyloctane, 2,6-dimethyloctane,
4,5-diethyloctane, 2,5-dimethylundecane, 7,8-dimethyltetradecane, 5,6-dibutyldecane, 7,8-diethyltetradecane,
9,10-dimethyloctadecane, 10,13-dimethyldocosane, 9,10-dipropyloctadecane
i-alkanes branched : 3~7 (6 types)
2,2 3-trimethylbutane, 2,2 4-trimethylpentane(isooctane), 2,2,5-trimethylhexane,
2,6,10-trimethyldodecane(farnesane), 2,2.4,6,6-pentamethylheptane, 2,2,4,4,6,8,8-heptamethylnonane
alkyl-benzenes (21 types)
benzene, toluene, ethylbenzene, 1,2-dimethylbenzene (o-xylene), 1,3-dimethylbenzene (m-xylene),
1,4-dimethylbenzene (p-xylene), propylbenzene, 1-methylethylbenzene(cumene), 1,2,3-trimethylbenzene,
1,2 4-trimethylbenzene, 1,3,5-trimethylbenzene(mesitylene), butylbenzene, 1,2,4,5-tetramethylbenzene (durene),
1,3-diethylbenzene, n-pentylbenzene, n-hexylbenzene, n-heptylbenzene, n-octylbenzene, n-nonylbenzene,
n-dodecylbenzene, n-tetradecylbenzene
alkyl-naphthalene (1 type)
1- methylnaphthalene
polycyclic aromatics (15 types)
naphthalene, anthracene, pyrene, naphthacene, triphenylene, perylene, benzoperylene, anthanthrene, coronene,
mesonaphthodianthrene, pyranthrene, ovalene, violanthrene, iso-violanthrene, circumanthracene

ALK FEDOFH DT 312 1Fa, ENLSOENIIBD FIRTZ T T2, EYHEMORSANC OV TIE, AR
T~ =1 19%, BRI RO, MHEREUCHW ORI L HEGAI W EEH L. &
IEZE SRR 12)OFE R DIRAMOERETS L Lz, bz E T2 ELLTFTORXG.D~GB3)ITR Y, AN
FEPNE, FUE R T AU A, BENI AT Y BORIEKFEEZRL TS,

View = 25V, +x.V,, G.1)

Inv,, = Zx,. Inv, +x, Inv,, (3.2)

i
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ECN = M[nyuczv,. + erLrCNrj 33)

wall i

X IXEADE, VXTI [mPkmol], Mw 35T & [kghkmol], CNITEX i ThHsD. FIRFOilZHTIY
A O 88 FFHDIRALKFE, ridhT 2V B DRALKSE, all 1T 72V A, B EMZT-TOMAREZEL TS,
TVEFEIT 15°C TOfEZE H =,

ZDOX /O NTZET VRENT, EBEOBREI TR SN TV DS EHH L TV AR TR, BELEES
71 89 FFH D RAVAKFE & IV TIRG R 2Tl 72 T RAKB DR ZIRE L TWD Z EICHEEEZET S, 207
W, 5% L AN ORALKENEINTHZ LT, ZNEDTI) AL ZENTELEHTITYB%
T % ALK EN D U, HEEREE I L4 5. BT AOFMIIBE R I)ICHD. ZOFT REIN DA 5
{LIKFEDTINIHE x;, x, 23RO HIFHEIIE, k= be B (Maximum Entropy Formalism MEF) % FV 7=,

3.2.2 fEMTHER

’fG & UT2RENT, K4 12R LT ARRRREND CCAL & ECN OBIFRKI O s, CCAL 78 845~847 T ECN 75 10.4~32.3
Lo 1T THD. D AT, BEHTPICE ENDKIRILKFBOENGRERE LT, DL L
T, ECN 73323, 26.6, 20.5, 14.6 THLHREMIZE ENDE I IR LTIERALKFEOENREK 5 1TRT. =
DT 71X, 7 FHEE D TN B AITRILKSE DRERURFEE DN T DNAIZ R TWD . BEHTRERD G, [Fl—
CCAI T ECN 2B DRECIE, OB bR D Z XD, n- Ty, I DO -T ATy, SERBR
WRITRFBIRAEDENT D L BN GRIIET TS, —0, 20U EO TV ETAFARB U DENLS
KL, REF BT U THBIZZR V. ECN & OBMRIZOWTIE, 2 &S k- TR > T\ 5. ECN
DREZTIUE, X AOE NS FAEEDRALKFEN LT L HEL DR TN L300 D. Bz iE0 1%
EE L TEX AMMREN -7 /LA L ECN 8 26.6 DAL, fed X ANPMEWZER S FH L ECN 25 32.3 O
Las, BREHICR B Z<EENTND. 2O X HIITHHMIZ ECN OB O IRILKFED o' & Ao
R THEE TE RV I L 2R LTS, ZhiE, CCAIN—EILRD L IICLTWAHEYD, X AL D
WIPEEIS IR GAE L 70 1), BEECEIREE NN T v 245 1 9, BRALKENRIREN DI NE TH 5.

6 (@), (b) IZECN L1 = LICE L OT-FANREOGEE 7T, ECN O 10 725 32 T TORINC k-
T, BASERNR OB LD 3T DD -7 Vv T, BASRIIF04 006501 TR L. £72, n-7
WA VKD =TTy TAFNARBUREINT 5 2 & BHEE Sz, ZERBEBRIZECN & & 62
THMEMBNCH DD, MMOFEEDRILAKFITEEARTH V10 BREDOENLRIZR > T D, ECN 2820 LR TlE, %5
KPED B TREETH D 0-T VT 2 1 DFED =T VT v EARE KMED S B BT E A Y EEN TV,
ZFLTC ECNMEIL T 25 LA I B &, n-T v v, -7V v DFASRIZIFIE EITR D 2 ENboiz.

40 Vet Test fuel N
8 oo N
< <><‘§> < /
o o0 S O o
— 30 OO0 S
_ OO ‘
z O 1S
(@] >
wl g S| & <&
20 ol RS Ko, 1
O
%077@8»%
> 0@ & o
820 840 860 880
CCAI [-]

4 FREMIZEHTSH CCAl & ECN DFAfR (Takeda, et. al. Wi D5IFA)
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T ECNIZHT HAhTIY BOSRFBFRETILFIVEDRRBENTFE

T3V B OZEBRGTER, 7 VXNV EIMEDNDIRES nea, neg & 5318 My, OHEERER %X 7 12773, ECN
W20 LT, WA BRORENRS L, TAXNIEDORBD DI RN B T, Zhuk, SERGEE
LTIty Al T VX NVIETEE TE TWRWZ L2y, #7573V BOZOXMETO®X Al
/INEL 72 %, ECN 28323 DfERZFRWNT, #EE SN RBIRFED GAETE DRAWKFEITIT TY A TEE
L7 AR R D &, ZRAFHEII N RY L (CpHp) a3 xy (CuHp) 12, 7 iE LT
n-T7 N DA AP (CypHa) 2322, b LIET M T T (CiyHy) N3 DAL TV AHEEZ LT\ D
Z iz s,

4. FEDH

Z ORI O IRREEACICH ST D720, BEIOFE KMICER L, EENRHEE2IT-7-. AEME C HBT
i, EKPERENRAR D0 o0 T Fa—F &Y, A BEHTIHEENENENS LEESNE-EMTH 55
fiFdgih (Light Cycle Oil: LCO) % %52 LCO IREIC X D& Uk & ERDE KMEOBFR%E, C EIlTIEIEERmO
JRALKFBEE~DET METIEZMEE L, CCAI 3% LUVVREIORHS AT L7z, E2RERE2 LU FICRT.

1. AFEMEZHRIZILT, TOEKMIBETH DX BT LT LCO 2B & LT+ 5 2 2ok

DAENK, BREE~DOFELZF~, LLFOMRZET.

(1) LCORAIZE - T, IBRAE LARWEA L OB IGECETERNT, FETE X ARROK TIZ L
Do THMLTZ., ZOfRRIT, BRKENEZEMET S TFEE LTHW S 7y MERNSRASKIRE %
EELTHEDL NI,

(2) 73 1y NEHNT XD AR B RITERFAS (800 K), (KA KMREID TN E .

2. BEELEPREOHE IS CEIMIHAW LN EAMRIETH D CCAI &, HAMERBRIZL->THOR

HHETE Y Al (ECN) DOBIRIZIWNT, [Fl— CCAI T ECN 23572 D REBL O R SR 20 ~T-. E D1k

E LT, EBEOBRENEBMEDNEEA O RALKERE L RADRALKEDIREWZET ML LIZ ET, ZDOET

JREFD IRAL KB DR 2 e k> b a ERBUC X » CTHEE 32 TEEEE L=, ZOTEE 17 FiE

ORAFBREHZE A L7oRER, LN o RZ157-.
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(1) [Al— CCAI & 72 28 2 xS FERNE & U CEBE, BhREEE, ECN 2 W T, SBREIO B & HEE
L7ofER, [Al— CCAI TH RALKFE DR RN R D Z L PR TE T,

(2) Fl—CCAI TECN &< b L, n-TIHy, -7 VHy (B 1) LT AFA_oPrngl,
TV h Y (R 3-T) IR lp ot

(3) ZOFMET, ECNICH L TR b RELS (L LEDIL, -7 vy (58S 3-7) T&H Y, ECN S 10
MH 321275 &, BAGERTR04 DL 0.1 T TR T L.

4) BT VEREHN TSRO (RALKFE T, IRAARTZT 2 LITA T, ZEREERET VX NVET
MR ST FAEIEIS 2 D SARE LTERER, RFBEAED LR RY Lovanr L, TAxL
W LT2o0x A aty, £720E3 2OF7 T T I UAERES L2 s Z EHEE S v,

#H O

3.UIENEOSKR At & DALFRIFFFRIC L » Ttz b DT, £72, 320 —EBIXISPSEHFE 18K04588 D BIA%

ZZTIZHOTY. FRIEMOERGRIY, 2E BB RSNIZT — 2 O % BAME TS AT R
0 TR EE L, BREALICHEEZR LET.
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