(S
1. HENEM
AFHA TIIsRIE (M ORRERIE TR 2 BIhSE) &0 L7z o fiRigih (LCO : Light Cycle 0il)
MRS T2 2 EICK DI HBE~OREZTAE L. RRIGEBIEEIZHE-S < BB EORE DM
RICBT D2FFPRRE M OCHBHEOREHI G EN2MEOBRDOFARRED RE LIZET DM 2G5
ZEEHAMLET D,

2. AEAE
B R M SR A S, BEERSY OEGENEINT 2 FH 2 BEL L 2. BREIO BB
F A —BAENSHEH SN D REIME R EOPEHEIC KT THEERE LT,

3. AEAE

3. 1 #HiER

ENTIREESN TS HEGRER 3.6 N2l T7 —BELEDENSLHEGRERDORRS 2
BEREL, Ly I—IZRVELL, BEIL #@E LTV HRERCHERE, ReeBF L EiE 2
WE L, ER 1IHEEmOFE ca2~d, fEEmIZIET A RY 72 by THREIMT 5 S
TWb, L, ARE CIIBREIEELHET 70, 74 FU U7 A by THEREILMH A, B
FHN—EIZD L) ITEE LT,

MEXR 1 #tEEmFET

B EYEA EYEB
I 2RG 2PG
HEREE - H284EHEE 1 ZFR H28EHEH 1 ZHR
H 275 REEE 1 0% RN H 275 IREEES W RRL NIV
FRHI A WHSC, WHTC WHSC, WHTC
TE-BE | 2R (mm) 4,980 8,630
205 (mm) 1,890 2,310
ESS] (mm) 3,050 3,520
REEES (N) 3 2
BAEHE (kg) 2,000 2,300
EmES (kg) 2,590 5,580
EmMRES (kg) 4,755 7,990
MERSEmES (kg) 4,645 7,935
SMmBtESE (kg) 4,645 7,935
SOVZENN ) Eﬁﬂ%ﬁfﬁ, DOHC, ) BE545E, SOH“C,
[REN 129—H—5—{F&5—R BESBIRT—R
[EHELE 17.3 17.5
BHRE (cc) 2,999 5,123
Beth (kW/PS /rpm) 110/150/2,800 177/240/2,300
BANLY (N-m /rpm) 375/1,280-2,800 794/1,400
RRMEREE BFHIHT EFHIH
BRI KRS E DPF, Fk3RSCR DPF, FR3RSCR
FERED LR 74 RS AT 74 RS2 T
Z0fh BEEITRERE (km) 4,425 9,582




3. 2 #HEMHEHOMRK

A TITMER O 572 5 3 T OB 2 IERE & Lz, BlD, —fRICIiRE ST 5 JIS 2 &
#m (JIS 25 klwmuﬁ%ﬁ%ﬁﬁgmﬁwﬁ):kiUEEMLiﬂwﬁ%EGwﬁﬁgm)f
b5, RPFETIE LCO DIRGIZE > TRBIFTOEFRGHEENES R L 2EEMEFERZL, &
ﬁ%gm%ﬁﬁbkoﬁ%@%\m0®ﬁ$i*&ulﬁfhékb\um@ﬁ%kbf%7%m%
D¥F (ENEOS, 7 # XV X | P-180) ZEHE{LAIE L THWZ, LCO & [FIEkIZ, EEALANTS
B2 < TEPREEDNMEWFHEN & 5, RFFHE CHWIZEE(LAI O ERE/71EL 99.8 vol%, Ehfb
Eﬁ@mﬁciLm3mWyf%okoEEWWB%Eiﬁ%%%ﬁkL/f@:*%\#3MM%uLK
2% X 0 HEAAI A FERERGIICIR A Lo, EEACAIOBINC L > THEBRD P A D & & KMERME
<@of?&yﬁ#ﬁTTéo?&Vﬁﬁo%fﬁ%%?@é&mwﬁ$~®ﬁmﬁ%k¢6@m
WD EDOREDNH D, £, BX Afim LAl (2-Ethlhexyl nitrate) ZWINT 5 & & & Afim k
FNCEENDERTICL ST Nox HEHENELS R EbMESN TS, £ 2T, RGEEH O
MO DD, X Al ERIORMNEEZ D7 TEH X128 Ao BFEEZ 50 FRE L LT
FHELL ., MRS LT X AMlm A% 1,500 ppm SN L 72,

PR BIOTER ZER 21077, JIS 2 5B LORGHRINIZ N EN O 262 LT,
WREEE(ITEEIZ L - T, X U455, ABMWIRO 50% - HIRE, RITER., BkE DM
AEREL OIS BTz, T272 Ly BREEEIZ DWW TR JIS 2 B O ZfE LT, #EER 11
3 HOMELE EELREETNENT A a~ NI T 7 KERA T ABRHERTRIE LTz a~ ~ 7
T LERT, JIS 2 5 L RRGEEIM T R FE L 25 OB A RILKE (C25) FEEF TTHERINTWVD
RELCH - 72, FRFEEELITEEAA ORI L > T2-AF AT T7H LR I-AF )T T H L %%

DFHFBEBERVBRERE—7 Lo TEY | FBEEEMICE ER TV Iz ESHERLKFEHO v — 7 1
mﬁm L o TS Z L i Lz, BEEX 2 II3FFHE OEE&EREZ i L TRT, Hs2

&R O F T HER T BIR & 2R EROEGH D 20mass%FEETHHDIZx L, 785
Egmiﬁamm%k&ofﬁiﬁﬁ%ﬁibfmkoik REERRBEIC L > TR AR B
BRULEDOZERBFHEAL JIS 2 5 & RBREIM 2 1~2mass% CToh D DICxf L, Rk EELITH
9m$%&mwﬁ_&okom%@3;i3@@%ﬂ@mmﬁﬁ%r¢oM&EEMiﬁ*% > OB

RPDITEE L o7, ZAFMIRE UTITRE & 72 - TEEMER 50% 8 R IZ 31T 2 38 RERRk
B bAoA, ZHU3Bh RO & C14 BLEDORG DRI Lic e Th 5, it EE/D
Y X AL 50.4 & 7o THRBIBAEE AL L, JIS 2 5™ 60. 2 LFEFEEIH D 56.6 L 0 HAKVMEIZ
IRole, BHERZIIOWTIL, JIS 27513 1 mass ppm, FAREEH TiIMH IR 1 mass ppm PLF THiH
SN Te Dy, FREEE T X Alim EAICE ENDLBFROEELZ 1T T 116 mass ppm & 725
776

U J-MAP 7 ¢ —E LVHL WG e, https://www. pec]j.or. jp/file/j—map/20200528/index_jmap_1—
2. pdf (2022.3.5 [H'&)

PHED, BMEROT 4 — B U PRI E A~ D (2),

https://www. jstage. jst. go. jp/article/taikil995/33/4/33_4 262/ pdf (2022.3.5 &)
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MER 2 HERHEK

- S22 e TAEEL o
S iE TR e WkE | e || e S

vy g% 45 Bk 59.5 53~60 55.3 - 42.3 JISK 2280-5
A A - 60.2 - 56.6 50 50.4 JISK 2280-4
EE (150) g/cm3 0.86 AT 0.8252 0.815~0.840 0.8278 - 0.8535 JISK 2249-1
BRHSE I(J/cm3 - 43,180 - 42,950 - 42,410 JIS K2279
FREBMHEIR 8= °C - 177.0 - 183.0 - 187.5

5% C - 199.5 - 204.5 - 205.0

10% C - 212.0 - 215.0 - 211.0

20% C - 232.5 - 232.5 - 220.5

30% C - 253.5 - 247.5 - 229.5

40% C - 268.5 - 257.0 - 238.0

50% °C - 280.5 255~295 264.5 - 247.5

60% °C - 292.5 - 272.0 - 257.5

70% °C - 304.0 - 282.0 - 269.5 ARl

80% °C - 317.5 - 297.0 - 288.0

90% C 350 AF 336.0 300~345 319.5 - 314.5

97% C - 351.0 - 347.0 - 343.0

& C - 351.0 370 I'F 347.5 - 343.0
LEYE % = 98.0 - 98.5 - 98.0
e % - 2.0 - 1.5 - 2.0
kS % - 0.0 - 0.0 - 0.0
BB ERR mass% - 23.3 - 20.8 - 40.6 IP391
ZIRA IR mass% - 1.8 - 1.1 - 8.9 1P391
BB ERR vol% - 18.7 25 BUF 17.7 35 - JPI-5S-49
ZIRBEENR vol% - 1.9 5.0 AF 1.7 - - JPI-5S-49
=229 mass ppm - 1 - <1 - 116 JISK 2609
RED mass ppm 10 UF 6 10 IR 5 - 4 JISK 2541-6
B (HFRREFERER) pm - 237 - 288 - 429 JPI-55-50-98
BFE @30C mmz/s 2.5k 3.654 3.0~4.5 3.219 - 2.594 JISK 2283

- BEERL




c13+ C15C16

C17 JIS 25
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c21
co 22 .
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ci4 SIS
C10 C13+ C15
2-AFNFITILY C16
Cc17
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20 ,,
c9 Cc22

C13+42-AFNFIFL>

SREIEE(L
1121315' j'jgl/>
FRSAFAAIEY 1-AFNFISLY
10 ci14
Cc15
ci1  c12 CI6C17c18
C19 C20C21C22C23
C13+42-AFNFITHLY =1 (8:1]
1,2,3,5- FIL>
FRSAFIAIEY
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FRSAFAAIEY
124- 1-AFNFIFLY
et . C12
NUXAFIAIE Y
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3. 3 HEBRUYAUILEER

PEH T ZJNE X WHVC & — RICHEIL U | mBaaEh & 2 VM IR AR E) D LB Sk CTE L Z 4L 3 |10
Fefi Lz, SR A 7 NV OBH NS — AIER 41T 8D THhDH, JRHHEITSREISRIE D &I
B L7z, 72720 Nox HEHHEICOW T, MV a v R—2 2 /45 HEWVE s £ - 138 E A2 FH
L72VWHBIEBEAZHZ TR TH 0.5 2 CHMIEIX TR -T2, 12, 2% L LTWHIC &
[FIAR I R REE) & IR IAEN CORBROEADIT % L72fl (combine) ZH.H| L 7=, combine DF 7
EEUTORITRT, e EZETIHHY -0 CHEIBTABIIXNTOERBEOY 1 7 Vit E &L
ITRRMEEICRE AR 2 T2,

(0.14x/ SR BEREROHER L EDHEHE) + (0.86xIBHEIAENHERDIER L DI E)

combine HEH= =
(0.14 x/5HL B HEROEIZO YA IIER) + (0.86 xIBHUGAEEREROEROYAVITER)



BRI R BB S v o A4 FEA—% (C/D) KOVERERARERE (CVS), R b xr,
HEH T A 3BTt DGR S AL 5 5% M 2 AV 7o SRR R e BR S NIRE % 256 = 5°CITPRFF L 72, fit
R IR C/D RIZERE L CETRBR AT o7z, =0 VUV RAZERIL 25+5°C, 1 55
5% LT, M EE DT — R IO AR b RV E CTIEEREAE CTEE, YT 213
AR R REEA L, AR KRR Tk L7222 TR U 7o, BRI W 2 BT PUE
X, BERPUEITIE A RIC L > TR LT,

100
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~N
E 60
<
M 40
[

20

0

0 200 400 600 800 1000 1200 1400 1600 1800

RERESRI (s)
BWER 4 WHVC OEZE/NE—Y

3. 4 FAEEH

AR RE X ER 31T LBV HKIME CTh 5 —E bR (CO), FEA & > fRALKFE (NMHC) |
EFEMAY (NOx) . hifIRWE (PM) Ofh, —F{kzESR (N0), ZEb=EHR (NO.) . 2fRIk/AK3E (THC) .
T iR (CO) . FRRKIFEDS 23 nm D FEMKIF L (PN), #ifgbEHR (N,0), 7oE=7 (NHy)., &
VAT VT E R O(HCHO) KMONPM HDRFEM Y & LTz, £72, PN, CO, C0,, THC, NOx {2\ Tk
BrRYr A 7 VR OZE) 2 RERFIANCEH Lo, AR b o U345 S O RRBRATNZ Y L T HakiE L,
PREHRR AN O BRI AE T B ORERERICEEL RIS L ST LT,

BMEX 3 SAERAN—E

— TEEE N
HEHR e | BroEm |
WTWE | PM o S
PN o o
e P  EERRE (B
BRERSY © zﬁgﬁﬁ(cof ())c jﬁjﬁxi =
FARME | —BtRE (CO) o o | mamE
—BLRE (CO,) o o | m=mmsz
SRALKE (THO) o o
SEXIIRALKE (NMHO) o s
EZEALY (NOX) o o |mmmeE
—Et=% (NO) o
—BLER (NO,) o
TELER (N,0) o Euro 7 AUSIEIIE, BEMENZ
7YE=T (NHs) o Euro 7 ARIEHE
FLFILFER (HCHO) o Euro 7 ARIEHIE
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4. AEHR

%ﬂ% PR OFEEFELRS AN S TEE LTBREIR PR T 2 R F B etz T 5720, 5
BT ORBEZITLT W EHER S D P B I ONPN, PM FORFEMRSOPEHE L, &2 ik
ﬁ@%ﬁ@%@%x7%?“&%@3“5MkkiUMLMhNﬁ@ﬁﬁi%E;%ﬁLko

4. 1 PM& PN, PM D RFRED
(1) PM B XU PN D= & PN B Z 8

HELAIZHNTHEEBER D ZmO CTEHEELINDZ LIZLD  PMB LU PN OFEHEN LT D
DafEsR Uiz, PMOHFHEAZBEER 510, PNOEHEZBER 6 [cZ2nEhurd, Eo. miaE)
EHERSAEEN D ZNZ T HOWNT, AR b RN D PN REEIC L 5 PN PR 8 &2 59 A 1THEEX
TEMEER 82, BWHE BIIBIER 9 LMEER 10 1I5T, FEBEDICE o TREINEENT S &
PM <° PN DA L CHEHERm < 72 & TRESN, Lo, ElICEH I WD T —8
NRLTBRET 4 V2 — (DPF) TERRESIND -, EEOPEHBAITEEIC L > TR -7z,

S A 2BV T, %%%@mriﬂsZv&m@@MMDm%Hﬂiwﬁ%mmﬁxuwﬂigmf
Trulbieote, £7o. PN HEHHEITAHELAE) C 6 AT C L REEREE(LOPE M EMEL | IREEM
&g o T REREEM O HE HH 2 2 KL UE| ?6&%%#@TiOWFA%%%@TiOWPgmeﬁf
120,76 5720, Wb Lz, £2C, BER 7 CHEBEIRO PN OPEH B 2R T 5 & ik
(2 PN 28 b HEH ST WIS IR BN E AR IS BV T, MR L 3 [R5 L C b RRGERE Lo B — 2
WIES | RBHC K 2 HEHHE O EITMENE S DY R OB L b B2 b, —. BEER 8
(2R L2 B AR B W TIEW T AL OB C b AAEN B O R & 22 HEH B — 27 3k < | 1200 FPLARE D
5 B CANEGE D & 2 EATRFICRREEE AL O PR DMEN TR 72> TW e, Fio, BFEEE O
hEE) & R AAEN OO PN P B O EEIE 8. 50X 10° #/kWh & 7. 62X 107 #/kWh T, fhOBRELIZ I3 4AE)
FMOPEHEZENKREL 2hoTz, TNHDOZ EG, RIEEELEZREHCH WD &, PM 3% < HE
SN D702 DPF IZHEFE L, < HEEE VD 2RI L TP &5 W PN A Sz < < Zen T
D EHER ST,

EWHE BIZEWT, #FIiEEE(LO PPN EITHEISMFIC X O TR L 0\ < IRAFEM &
72 o T2 FRRERR I O P H & SR #5&@%%%T195%\%%ﬁ@fj&6%\mmmefm
4. 15 ThH o7z, Fo. PN EITMEAAE) O Pk &AM ORREL O ZEFEPHN T d 5 b D DOHEH
BOWEEE U TIRERERM L 0 11 f5m < BRBELAEITIX 0. 92 fi5. combine TIX 0. 94 fi5 & [FIF2
EOPHETH 72, BER 9 TriBEIROJRH I 2R 2 & BEIEROPHHE—2 XD
H O E— 7 BINERF ISR AE LT e, BEEIREIOPEHZEE TIX 2 0 X 510/ < THZEW
RE—= 73BN TR, WmBELEENC Ko THA L, DPF IZHERE L Cu 7o PM 2SI RF D HEXUE
(2 &L > THRMICHE S - mREMER S 2 T,

UL EDOFERNS , BB OEEMIC L > T P00 60 P L OVPN HEHITHEINT 2 28, Bkl
(T =3 TSR S5 DB DNTIA EREOPEH H A SR 2 L B L HE SN, TEo
T, BEHEEMICE > TP B IO PNHHHBEORELHUET 272 0I121E, xR HERIZ OV THRA
ATV, BWHERKE U THRHENEMT 20805 ET 20BN’ S S, o, =TV nbo
PM <2 PN 232 < 720 | DPF (ZBEfr 23D THHANEICREN AT D 2 LR E I D,
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[ EMEA ]

2.0 | !
1 1
: | PM
i 1.5 1 1
S : :
i ! 1
o 1.0 ' '
"E’ 0.39 : :
g 0.5 0.38 i 0.17 0.30 0.15 i 0.20 0.31
‘0 ! ! 0.13
'é 00 l 0.00 ! 4 réw .l. : rfj
“ JIS28§ EoEni 23] EeHE = (4 JIS28§ SoLEEH EeHES =1 (4 JIS28§ SoGEEH EeH = (4
WHVC (cold) WHVC (hot) WHVC (combine)
[ EMEB 1]
2.0 T T
1 1
: : PM
2 1.5 133! :
2 | 0.98 | 1.03
> 1.0 : :
E ! !
2 0.5 i 0.27 0.27 . 0.24 0.25
g 0.084 0.14 | ! {
] ! !
£ 0.0 i ’ '
- JIS 285 etz a::] et =1 (4 JIS 285 etz a::] B =1 (4 JIS 285 etz a::] EeHES =1 (4
WHVC (cold) WHVC (hot) WHVC (combine)
BER 5 MIKNELLIBREHZLD PM HEHE (mg/kWh) DLEE (Z5—/N\—EIHRK-R/NEXRT)
[ EMEA ]
2.0E+10 X T
1
! 1
1.32E+10 i PN
£ 1.5E+10 1.26E+10 i
1
§_ 8.50E+00 | 9.06E+09  9.86E+09 | 963E4+09 1.02E+10
# L1.0E+10 ! 7.62E+09 ! 7.75E+09
) ! !
c ! 1
S 5.0E+09 | !
[7} \ 1
o i '
1
£ o0.0e+00 - '
JIS25 eniza:] SREEEE{L JIS2§ SRSEERH EeHEa =4 JIS25 BeE2a:] EeH G =1 (4
WHVC (cold) WHVC (hot) WHVC (combine)
[ EMEB 1]
2.0E+10
1.55E+10  1.54E+10  L-67E+10 i PN
= 1.5E+10 i 1.30E+10  1.41E+10 .. o i 1336410  143E¥10 oo o
< : |
# 1.0E+10 : |
0 | |
f= 1 1
S 5.0E+09 ! !
8 ! !
£ 0.0e+00 ' '
JIS 285 REERh PREEEE{L JIS 28§ SREERH EeHEa =14 JIS 285 SRSEERM EeH G =1 (4
WHVC (cold) WHVC (hot) WHVC (combine)

BMER 6 HRNELGHRBIZESD PN BHE #/KWh) DR (T53—N\—RBE&X-F/NERT)

viii




PN (#/cm3)

PN (#/cm3)

PN (#/cm3)

10000

8000

6000

4000

2000

10000

8000

6000

4000

2000

10000

8000

6000

4000

2000

140

|
: || 128 1EE  mEEw 16E - BEEN( 198 — B WHVC cold { 120
I| 7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777 41 100
| Y AN A W 80 £
| 3 lﬁ‘aﬁ;&b%ﬁﬁb'ﬂ-} 60 E
<
E B Nt 2 ety SRR~ e il o i Wl et A O A St 40 Qf
& . N vy oWy oA Ny g 20 i
I 0
:“‘L | A i
0] 1 200 400 600 800 1000 1200 1400 1600 1800
;| HERERT (s)
I
1 _ 140
o J1S 25 268 WEW 2EE - REEEL2EE - BR WHVC cold { 120
:| 7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777 1 100
1 <
l £
! M
I {8t
I
1
0] 1 200 400 600 800 1000 1200 1400 1600 1800
I 1 RERESRE (s)
I
I I 140
[ 15 2% 3E8 Bl 308 - BEEEE3EE B | WHVC cold { 120
100
80 £
60 E
40 !;J
\ 20 &
1R ! 0
SN i
0 200 400 600 800 1000 1200 1400 1600 1800
HERESRT (s)
BMER 7 E¥ME A DO PN HEHZE) Caing))

ix



PN (#/cm3)

PN (#/cm3)

PN (#/cm3)

2500

2000

1500

1000

500

2500

2000

1500

1000

500

2500

2000

1500

1000

500

BWMER 8 EYE A D PN B EE) (BRHIAE))

140

IS 2% 1E8 R 1EE - BEEML 1R §E | WHVC hot  { 120
100
80 £
60 E
40
20 i
1]
0 200 400 600 800 1000 1100 1400 : 1600 1800
BB (5) : :
i 140
J1s 2% 2E8 Wi 2EE - RIS 200 | &E | IWHVC hot { 120
””””””””””””””””””””””””””””””””””””””””””””””””””””” T ] 100
1 <
~
I £
I <
I
L~ C » phafiy - . I N oA I
0 200 400 600 800 1000 1!00 1400 I 1600 1800
HUBRESEA (s) : :
$ ; 140
J1s 2% 3EE B 3EE - BEEAL3EE | BE | | WHVC hot { 120
100
80 T
! 60 E
l —~
40
! 20 ﬁ
1
0
o Mo, 2t m a2V (E i} L' fl nl
0 200 400 600 800 1000 1!00 1400 : 1600 1800
HUBRESTE (s) -



PN (#/cm3)

PN (#/cm3)

PN (#/cm3)

6000

4000

2000

6000

4000

2000

6000

4000

2000

BER 9 B B M PN BrHE ) (A58

SUBRESRE (s)

X1

140

JIs 25 1EAB GlEEH 1mB ----- REIEH(L 1EB WHVC cold 120
100
80 £
60 £
40 @j
20 it
0
200 400 800 1000 1200 1800
SRERESRE (s)
140
] J1S 25 2EH WA 2EE - BEEEL 2EE WHVC cold { 120
100
”””””””””””””””””””””””””””””””””””””””””””” 80 T
60 E
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, a0 g
20 i
()
200 400 800 1000 1200 1800
EERESRA (s)
140
JIS 25 3[EH SesLEEim 3EB WHVC cold 120
---- REEEE(L 3EE . 100
S e pEEEELOE=S g0 €
60 E
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 40 g
20 i
. 0
b P il L S SRS e T W,
0 200 400 800 1000 1200 1800



PN (#/cm3)

PN (#/cm3)

PN (#/cm3)

5000

4000

3000

2000

1000

5000

4000

3000

2000

1000

5000

4000

3000

2000

1000

- FRAIEH(E 18

WHVC hot

----- FREEEHE{L 2EA

RIS 3EB WHVC hot

BER 10 E¥E B O PN HEHZ 8 (BRHEIAE))

140
120
100

Hi® (km/h)

140
120
100
80
60
40
20

BHi® (km/h)

1800

140
120
100
80
60
40
20

HiE (km/h)



(2) PMEHEHE L PNHEHEDORBER
WHVC D mithEn s K OMERLAEN TS O 7z P BEH & & PN HEHH B0 BIR 2 Z N EUEER 1112
R, EbLOMEREmICB VTS, PN HEHEIX PM EHEDOZE(L & ik L TR E RETN 20>
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Overview!

1. Purpose

The purpose of this study is as follows: to invgetie the effects of mixture of light cycle oil (LE@roduced
by cracking residual oil e.g. fuel oil that remaiimshe refining process of crude oil into light, ® obtain information
that contributes to a review of the maximum periblsslevel concerning properties of automobile fuahd the
maximum permissible quantity level of material @néd in automobile fuels based on the Air Pollut@zontrol Act.

2. Introduction

We consider an increase in aromatic component nodtee to the mixture of LCO into light oil as artiease
in heavy component. Therefore, we investigatedeffects of the increased heavy component of fuetraissions
of controlled substances from diesel freight vedscl

3. Methods
3.1 Tested vehicles

We selected two diesel freight vehicles with diéigrgross vehicle weight (GVW) from diesel freigkticles
marketed in Japan whose GVW exceeds 3.5 ton, avalipgd the test vehicles as rental cars. The tdsthes are
equipped with idling stop functions. However, wedaaest conditions constant without using suchglistop
functions in this investigation in order to investie the effects of fuel.

3.2 Testfuels

We used three kinds of light oil with different perties as test fuel in this investigation - namegmmercially
available JIS No. 2 light oil, light oil used foertification test in Japan (certification light)piind heavy component-
increased certification light oil. In this invesiipn, we define an increase in aromatic conteriu@ due to the
mixture of LCO as an increase in heavy componedtmapared heavy component-increased certificaitb oil.
Since it is generally difficult to procure LCO, weed naphtha-derived solvent (ENEOS Cactus SoR80) as
heavy component-increasing agent as a substituté. @® for preparation. In the same way as LCO, keav
component-increasing agent has the characteridtitaving large aromatic content and low kinemaiscosity. The
heavy component-increasing agent used in this figg®n has aromatic content of 99.8 vol% and kiagc
viscosity (30C) of 1.603mn¥/s. We consider total aromatic content as theraifer an increase in heavy content,
and mixed the heavy component-increasing agenttietaertification light oil so that total aromationtent becomes
35vol% or higher. When aromatic content increasé w&n addition of heavy component-increasing agent
ignitability decreases and the cetane number felisre is a repoftthat if the cetane number falls to below 50, load
to DPF regeneration tends to increase. Moreovas, lieported that, if the cetane number improveEtf@hexyl
nitrate) is added, NOx emissions increase dueitogén content contained in the cetane number ivgprd herefore,
although it deviates from the standards of cedtfan light oil, so that the addition amount ofaoe number improver
can be reduced, we targeted the cetane number mft &0 when preparing the heavy component-increased
certification light oil by mixing heavy componemtereasing agent into the certification light oils A result, we
added the cetane number improver by 1,500ppm.

' Translation by acrossU. Inc., https://www.across—u. com/
* J-MAP Diesel WG reporyt https://www.pecj.or.jp/file/j-map/20200528/index am 1-2.pdfReferred on
March 5, 2022 in Japanese)
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Table 1 shows the properties of test fuels. Whetteasromatic content of JIS No. 2 and certifiqafight oil
was about 20mass% in the total of monocyclic arancampound and polycyclic aromatic compounds, tfideavy
component-increased certification light oil was @tb40mass%, which satisfied the preparation tafgeteover,
with regard to the ratio of polycyclic aromatic geound$ with two or more rings that are easy to become daoet
to incomplete combustion, whereas the ratio oMNIdS2 and certification light oil was about 1mass$Pat of heavy
component-increased certification light oil becaartdgh value of about 9mass%. Fig. 1 shows thdldigin curve
of three kinds of fuel. Heavy component-increasadiftcation light oil became heavy product frone therspective
of aromatic content, but it became light produotrithe perspective of distillation characteristansq, as a result, it
deviated from the certification fuel standard aS@86 distilling temperature of distillation charagstics. This state
occurred because the content of C14 or higher avitigh boiling point relatively decreased. The netaumber of
heavy component-increased certification light alsv0.4, which satisfied the preparation target veass lower than
the cetane number 60.2 of JIS No. 2 and 56.6 dification light oil. As for nitrogen content, 1 vs ppm was
detected in JIS No. 2, but it was not detectedhéncertification light oil because it was less tlia® lower detection
limit of 1 mass ppm. However, nitrogen content lneed 16 mass ppm in the heavy component-increastgiitegion
light oil due to the effect of nitrogen containedlie cetane number improver.

' Nakajima et al., Effects of fuel properties on élesxhaust emission (2)
https://www.jstage.jst.go.jp/article/taikil995/3838 4 262/ pdf (Referred on March 5, 2022 in Japane
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Table 1. Properties of test fuels

Heavy component-
JIS No. 2 Certification light oil increased
Test item certification light oil| Test method
Standard AR Standard FEELY Target FEELy
value value value
Cetane index 45 or more 59.5 53-60 55.3 - 42.3 |JIS K 2280-5
Cetane number - 60.2 - 56.6 50 50.4 |JIS K 2280-4
Density (15°C) glcn? 0.86 orlesgs 0.8252 | 0.815-0.840 0.8278 - 0.8535 |JIS K 2249-1
Net heating value | kJ/cn? - 43,180 - 42,950 - 42,410 |JIS K2279
Distillation el
O oiling - 177.0 - 183.0 - 187.5
point °C
5%°C - 199.5 - 204.5 - 205.0
10%°C - 212.0 - 215.0 - 211.0
20%°C - 232.5 - 232.5 - 220.5
30%°C - 253.5 - 247.5 - 229.5
40%°C - 268.5 - 257.0 - 238.0
50%°C - 280.5 255-295 264.5 - 2475
60%°C - 292.5 - 272.0 - 257.5
70%°C - 304.0 - 282.0 - 269.5 JIS K 2254
80%°C - 317.5 - 297.0 - 288.0
90%°C 350 or less 336.0 300-345 319.5 - 314.5
97%°C - 351.0 - 347.0 - 343.0
Egi(rjwt o . 351.0 | 370 or less 3475 | - 343.0
Joul distilation g, - 98.0 : 985 | - 98.0
Residual ol amount % [~~~ -1 20| - [ A5 ] - 7120 ]
Reduction amount | % - 0.0 - 0.0 - 0.0
Igﬁég&%gs“c mass% - 233 : 208 | - 40.6 |IP391
Sgg%ﬁ':\%:romat'c mass% : 18 : 11| - 89 |IP391
Ig:ﬁ;g&?}rgg"c volo : 187 | 250rless 17.7 | 35 - |JPI-5S-49
Eggggﬁ':}%gmma“c vol% - 1.9 | 5.0o0rless 17| - - |JPI-5S-49
Nitrogen content mass ppm - 1 - <1 - 116 |JSI K 2609
Sulfur content mass ppm | 10 or less 6 10 or less 5 - 4 |JSIK2541-6
\I/_vLét;rrlcsltcgl_(ij'i:aTaneter) um : 237 : 288 | - 429 |JPI-55-50-98
gg%rfg“c VISCOSIY |\ mnpis | 250rmord 3654 | 3.0-45 3219 | - 2594 |JSIK 2283
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Fig.1. Distillation curve of test fuel

3.3 Testcycle

We measured exhaust three times in the conditibosld start and hot start respectively based elVitHVC
mode method. Also, we calculated emissions by s&shcondition. Although the test vehicles areemtipped with
automatic transmission with torque converter opmatic transmission without shift gear stage, veerdit perform
correction of the values of NOx emissions by mitiy 0.5. As reference, we calculated the valusr(oine) after
weighing of test in the cold start and hot starthie same way as WHTC. The calculation method aflipe is
shown below.

(0.14 x emissions per cold start test) + (0.86 x simigs per hot start test)

combine emissions
(0.14 x actual cycle work load of cold start tes{p.86 x actual cycle work load of hot start test)

3.4 Study items

Study items include controlled substances - carhomoxide (CO), nonmethane hydrocarbon (NMHC), gigro
oxides (NOx), and particulate mass (PM) as welhitric oxide (NO), nitrogen dioxide (N£ total hydrocarbon
(THC), CQ (CQy), solid particle number (PN), nitrous oxidex(®, ammonia (NH), formaldehyde (HCHO), and
carbon component in PM.

4. Results

To grasp effects that fuel with aromatic contendréased in its component has on exhaust, we mainly
investigated emissions of PM and PN and carbon coet in PM that are assumed to be easily affdntedomatic
content as well as emissions of NOx, and NO2NQ@O that are assumed to be easily affected by cetamber
improver.

4.1 PM, PN and carbon component in PM
(1) Emissions of PM and PN, and PN emission behavio
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We investigated if emissions of PM and PN changthbyuel with increased aromatic component, ubeayy
component-increasing ageig. 2 shows emissions of PM arkg. 3 shows emissions of PN respectively. We
predicted that, if heavy component in fuel increashge to aromatic content, the generation of PMRMdncreases
and emissions become higher. However, since PMPahdre removed by the diesel particulate filter fDMounted
on vehicles, actual emissions trend varied accgrttirvehicles.

First, we analyzed the results of the freight viehi. In the case of cold start, PM emissions & Nb. 2 and
certification light oil were obtained, but PM emdsss became zero for heavy component-increaseificaion light
oil. Moreover, PN emissions of heavy componentéased certification light oil were low for both ddtart and hot
start. If it is based on the emissions of certtfma light oil which became mixed base material, BMissions of
heavy component-increased certification light eitickased by 0.67 times for cold start, 0.77 timefdt start, and
0.76 times for combine. Therefore, we checked Kaenple Fig. 4) of PN emission behavior at the time of cold start
and learned that the heavy component-increaseicaitn light oil has no peak in emissions at timing of
immediately after cold start when emissions of RiNegally most occur. Based on the results, we denshat the
difference of emissions by fuel is due to the défece of emission behavior immediately after engiaet. Moreover,
the average value of PN emissions of heavy compgénereased certification light oil at the time adld start and
hot start was 8.50 x 1@/kWh and 7.62 x T0#/kWh respectively. The results show that theedéfice of emissions
of heavy component-increased certification lightgi start conditions was not as large as othdsfugased on the
results, it can be assumed that, if heavy compeinentased certification light oil is used for fuallarge amount of
PM is discharged and accumulates to the DPF asaliges clogging at an early time which makes eomssif PM
or PN difficult.

Secondly, we analyzed the results of the freighticle B. PM emissions of heavy component-increased
certification light oil were higher than other faalegardless of start conditions. If it is basedi@ emissions of
certification light oil which became mixed base eral, PM emissions of heavy component-increasetification
light oil increased by 9.5 times for cold star§ 8mes for hot start, and 4.1 times for combing fér PN emissions
of heavy component-increased certification light thie emissions at the time of cold start are wwithe variation
range of other fuels, and the average value ofsams was, however, higher than the certificatightloil by 1.1
times while the emissions at the time of hot stad combine are about the same levels as theicatith light oil
at 0.92 times for hot start and at 0.94 times fambine. Next, as for the heavy component-increasetification
light oil, we checked the example of emission bédraat the time of cold start iRig. 5 and found that peaks that are
higher than the emission peak immediately aftert sporadically occurred during acceleration. le tase of
emission behavior at the time of hot start, theegeano such high sporadic peaks. Therefore, tlseaepossibility
that PM, which occurred by cold start and has acdated to the DPF, was sporadically discharged xhaest
pressure during acceleration.

Based on the results above, it can be assumedurthiatrease in heavy content in fuel causes inerea®M
and PN emissions from the engine, but whether bPhband PN are eventually discharged from thepipi# depends
on the exhaust post treatment device of each vehioldel. Therefore, to grasp effects of PM and Rié&ons by
an increase in heavy content in fuel, it is neagstsaconduct investigation for various vehicle retsito determine
whether or not emissions increase in the entirgtitevehicles. Also, there is a concern that amdase in heavy
content in fuel causes an increase in emissio@vbfand PN from the engine and it applies load & PF and
causes problems of durability.
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Fig. 2 Comparison of PM emissions by fuels witHatént properties (mg/kwh)

(Error bars show the maximum and minimum)
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Fig. 3 Comparison of PN emissions by fuels with different properties (#/kWh)
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Fig. 4 Example of PN emission behavior of freight vehicle A (cold start)
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Fig. 5 Example of PN emission behavior of freight vehicle B (cold start)
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4.2 Nitrogen oxides (NOx, NO, NON-O)

(1) NOx emissions and emission behavior

Fig. 6 shows the amount of NOx emissions obtained inithisstigation. For both the freight vehicle A and
freight vehicle B, emissions of heavy componentéased certification light oil to which the nitrageontaining
cetane number improver that was added, becamdlgligigher than those of JIS No. 2 and certificatlght oil.
Compared the emissions of certification light imilthe case of freight vehicle A, NOx emissionse&vy component-
increased certification light oil increased by times for cold start, 1.2 times for hot start, &n2itimes for combine.
In the case of freight vehicle B, NOx emissionsi@dvy component-increased certification light odreased by 1.2
times for cold start, 1.3 times for hot start, dn2l times for combine. It can be assumed that hibii&x emissions
were caused because the cetane number improvemeeat&ogen source and contributed to generatioN©@%
during combustion.
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Fig. 6 Comparison of NOx emissions by fuels witfiedent properties (g/kWh)
(Error bars show the maximum and minimum)
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(2) NoO emissions

Fig.7 shows the amount of ® emissions obtained in this investigation. Emissidrend of heavy
component-increased certification light oil vari@ccording to test vehicles. In the case of freiggtticle A,
compared with certification light oil, X0 emissions of heavy component-increased certibicalight oil
decreased by 0.85 times for cold start, hot shad, combine. Conversely, in the case of freighicletB, N.O
emissions of heavy component-increased certifindight oil increased by 1.1 times for cold stdr3 times
for hot start and 1.3 times for combine. Therefiris,found that the effects of nitrogen conteintetane number
improver differ according to vehicles.
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Fig. 7 Comparison of pO emissions by fuels with different properties (kvyh)
(Error bars show the maximum and minimum)

5. Conclusions
The main results obtained in this investigationtlom effect of the increased heavy component of duel to
aromatics assuming LCO mixing with light oil on exist gas are as follows.

» PM, PN and carbon component in PM

We predicted that, if heavy component in fuel iases due to aromatic content, generation of PMRid
increases and emissions become higher. Howevelahissions trend varied according to vehicled,iacan be
assumed that an increase in heavy content in fugdes increase of PM and PN emissions from thenenput
whether or not PM and PN are eventually dischafgad the tail pipe depends on the exhaust postnirerat device
of each vehicle model.
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> Nitrogen oxides (NOx, NO, N§N,O)

We investigated the effects of cetane number imgras nitrogen source on generation of nitrogedesxi
For the two test vehicles, NOx emissions of heamgonent-increased certification light oil to whitle cetane
number improver was added became slightly highaar those of JIS No.2 and certification light ail the case
of freight vehicle A, NO emissions of heavy component-increased certificdight oil decreased compared
with the certification light oil. Conversely, iténeased in the case of freight vehicle B. Therefibis found that
the effects of nitrogen content of cetane numb@rawer differ according to vehicles.

» Other survey items
For investigation items other than PM, PN, NOx &h®, no clear effect was observed due to the inctease
heavy component.

6. Futureissues

Based on the results of investigation we have obthin this fiscal year, it can be assumed thatesiiesel
vehicles use complicated exhaust post treatmeriteeincluding catalyst and DPF, emission gas velloym
difference of fuel properties differ according thicle model. Therefore, it is necessary to coliest data from
different vehicle models in the future.

Also, with the green growth strategy that accomgsmiith achieving the goal of carbon neutralit@%0,
the conversion to electrification will be furtheromoted. In the case of commercial vehicles whiakeh
problems with electrification compared with passancars, it is important to efficiently use fuelsdamake
efforts for making fuels carbon-neutral e.g. sytithiiel (e-fuel). Therefore, we consider it isalmportant to
grasp the effects of such fuels on emissions ofaRlPN.
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