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Fuel Effects on Particulate Emisionsfrom D.l. Engine
Part 1. Chemical Analysisand Characterization of Diesel Fuel
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Abstract

Effective methods of analyzing the relationships between diesel fuel properties and particulate ( PM )
emissions were examined. First, the entire compositions of hydrocarbons in a diesel fuel were clarified by
using their molecular formulas. Based on this clarification, the analytical methods which efficiently
characterize diesel fuels were then examined. It was found that a combination of gas chromatography to

separate hydrocarbons by boiling point and high-presssure liquid chromatography to separate them by
polarity was most effective and efficient for characterizing hydrocarbons of many kinds of diesel fuels.

The other fuel properties were also considered from the viewpoint of the PM formation mechanism.
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Table 1 Analysisof diesel fuel - Analytical item and method.

Item Average Type Analysis DBE type Molecular Type analysis Compound
composition 1 (PA) Il (POA) analysis formula I11 (PIONA) (Stereo isomer*)
Result H/C ratio Concentration Concentration Concentration by Concentration by  Paraffins *: The number of
P: Paraffines  P: Paraffines DBE mol. formula l)sloerf)?rr;ﬁins compounds is more
A: Aromatics O: Olefins Naphthenes than 10,000
O: Olefins A: Aromatics Aromatics
( Ring number )
Method Elemental FIA®DD HPLC""" HPLC & FIMS HPLC& FIMS (NMR""")  No method
anaysis Conventional- SFC""““"% TLC HR-EIMS"""
NMR HPLC"Pomon
Qualitative a o o o O Partially possible
Analysis
Quantitative o o o O a d Partially possible
Analysis

Note) P: Paraffines, |: Isoparaffines, O: Olefines, N: Naphthenes, A: Aromatics
FIA: Fluorecent Indicator Adsorption chromatography

HPLC: High Pressure Liquid Chromatography
FIMS: Field lonization Mass Spectrometry
GCIMS: Gas Chromtography / Mass Spectrometry
HR-EIMS: High Resolution Mass Spectrometry
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Fig. 1 Analytical methods for diesel fuel.
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Fig. 2 TLC chromatogram & GC/MS results.
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Fig. 8 FIMS spectra of diesel fuelswith different sulfur content.

O00O0O0O0OHPLCOGCOOOOOOO
0000000000000 000000O00
0000000000000000000000
0000000000000000000000
OOTLCOOOHPLCOOODOODOOOOOOO
00000 (00O0HCOODOOOOO )OoOOO
000000000 [Fig. 4d)] 0000000
GCcOoOO00DO0DOO0ONOONOONOoOnOonon
0000 [Fig.40)] 0000000000000
000000000000 000000000
000000000000 0000000000
0o0000o0ooo

0000000000000 0O00 (310°CcO
0)OOODOOO0OOOO0OO0OOFg. 9(GCcOO0O
0000 )0Fig. 10(HPLCOOODOODO0O )00
O0Fg oD 0000000000000 00O
000000000000000000310°¢O
00000190 000000000000000
oDoos310°coooooooooeeMsI OO0
000031°C00000000000Fg. 480
0000310CO 0000000000000
000000000000Fg 100000000

0000000 R&DOODODOOV. 32 No.2 (1997.6)

100

~ 80
>
>

260
13
R

o 40
=
i)

g 20

0

6 10 14 18 22 26
Carbon Number
Fig. 9  Carbon number distribution of paraffin

in diesel fuel, backend fraction.

ooooooboobog (bBE=4)0U000DO
gogboooooboboboooboboooboboo
goobooobobboooobboooboboo
g030°co0ooooooooooooooo
gogboooooboobooobobooobooboo
gooobooobooobuoobooo(oobog)
ooooboooboobog (Fig 1100 )0



Differential

Ultraviolet

refractive index

absorption ( 254nm )

o-—!—
1 1
|
\

H/C atomic ratio

s @
Q ;. ©
-
£5 &£
=8 3 A
- €8 £ 2
g = = B
2 gL g8
Q [SVR= = =
2 2 £
= >
— N, = 2
! ‘1:\ =
VF_\'*-—- Rijo
I | i E;, fuel
0 4 8 12 16 20 24
Elution volume (mL )
- | ®)
£ i
'% I ‘(\HJ\
\q
.
\\ R3]0

v ’ r . . . . . r ; S — E3]0, fuel
4 8 12 16 20 24
Elution volume (mL )

Fig. 10 HPLC chromatograms of
diesel fuel, Ry, and Egy,.
Detector : (a) RI, (b) UV.

83

gobooobogoooobobbobooboo
googobobooooorPLCOGCOOOOOOn
gobooobooooboobboooboooboon

goog

0000000000000 000O00000
O000O000OFg 4000000000000
oooooooon

0000 : 00000000000 Fig. 4b)0
O000O00ODBED4000O00O0O0COOCOO
0000000000000000000000
000000000000 0000000000
000000000000000000000
O000000 : 0000000000000
0000000000000000000000
0040000000000000000000
O0O000OFig. 120000000 0DBED 30
000000 [00000000000 (DBE =
7) 00000000000 (DBE=8)0000
0000000000 (DBE=9)]000000
0000000000000000000000

25
2.0
3
1.5 § J -
Illlg'llllll'lll'llll pr LLLLLY IIIIIIUI‘:’I’{’//’
1o 7
H
12 J
13 7
1. 7
° /
Diesel R3y
0.5 Fuel
HPLC /RI
Chromatograms
0.0
7 12 17 22

Carbon Number

Fig. 11 Cause of shift of alkylbenzene peak in HPL C chromatograms from diesel fuel to Rgy.

O000000 R&DOODODOOV. 32 No.2 (1997.6)



84

ooHCObOOobooboonon

ooboob:bo0goobBEDOD 130 0OOMO
goooooobboooobbooobboon
0010 0000000000000 O0O0gH/Co
O0O00oobDoOoOobBEODSOOODODO (ODDOO
oboooobooooboboooboooobooo)

78910
/ 111213
/

0123456

22

Carbon number
5

,_
[\e]

gOoH/COUOl000O16e60 0 00000O0ODOO0O
DBEOOUOOODODOOOOOODO (HC=0)OO
goooobbbbobbooooooooooo
DBEOOOODOOODOODOODOOD (OO
oob)oooooobooooob (bobooboo
ogbobooooo)yboooobobuooboooo
gogbooooobooboooboboooboboo
OO0 [00ODBED40000DOODODO (MW =106)
gooooboooboob (Mw=330)0boogno
oooooooooooboooooo]o

{O»--CH,-CH;

{(0»-CH,CH,CH,CH,CH,CH,CH,CH

H/CO :0000000DO0O0O0O00O0bDOoD
oo0obooboobobobOoboooood/ecod
gooboobooobbbooobbooooboo
gobooooobobooooboboooboboo
oooopooo (Hecobooooooooooo
gobooooboooooo)yoooboooo
o0obOOoboOobOH/cCcOODbOOobDOoDbODODO
oo0o0o0obooboboobooobobooor/lc
OO0DO00OD0O000O00DbOO0DOOD0O (NMR)
gobuodgboboobooboooooooboobn

25 2.0 1.5 1.0 0.5 0.0
H/C ratio
DBE=0
DBE=0
= Piling up
DBE=2
A opE=3 Mono-arom DBE=1
DBE=4
DBE=3
DBE=4
DBE=5
A DBE=6
Iy

Cs<-->C Cq C.<->Cq
C
Fig. 12 Possibility of separation by No. of Aroma-ring.

Cs: Hydrocarbon of small carbon number, C, : Hydrocarbon of large carbon number

0000000 R&DOODODOOV. 32 No.2 (1997.6)



goobgooboooggHobooobooo

OoboOobOoooooooboogbH/cCcOD0
O00000000000000wsconnn
O0000460°CO0 000000000000
ggouooobopMObObDOOOODOOOO
goooooooooooobbbbbbbbl
gobobooooboboooobobboooobobon
goobooooboooobboooboboo
obooboOoH/Ch (Doob)yooobooo
gobooobooooooo

goood

PMOOOOODOOO0OO0OO0OODODODOOOOO
goobooooboooobboooboboo
gogooooobopMODODODOODDODOOOO
gogouooobobbobbbooooogoooon
goobooboooon

pooopooOobooOooboOoooOoooooon
gooooHPLCOGC/MSOODODDOODDODODO
gobobooooboboooobobbooooboboo
goboobooooooo

2000000000000 oogoooo
O0OOo0oDbOOoOobDOoOobOcgHoOOoOobOz20000
goboobooobooooo

JyUbbogooobobobobouooooo
goHPLCOGCLOOUOODDOOOODDOOODODOOO
gboboobobobobooooooobobob

goooboooobobboooobobbooo
goboboooboobooobobbooooboboon
goobooo

4 000b00bobobobooobgoowr/co
gobooboboobood

goog

gogboboboooobboboooobbobogo
goobooobobboooobboooboboo
gobobooooboboooobbbooooboboon
goobooooboooobboooboboo
gobobooobboooobboooboboo
gobooobooooboooboobod
0)yooooooOoooooDoOoOooOooobooOooooooo
gboooood

85

googoog

1) Khatri, N. J,, Johnson, J. H. and Leddy, D. G. : "The
Characterization of the Hydrocarbon and Sulfate Fractions
of Diesel Particulate Matter", SAE Tech. Pap. Ser.,
No0.780111, 24p

2) Bouffard, R. A. and Beltzer, M. : "Light Duty Diesel
Particulate Emissions -Fuel and Vehicle Effects’, SAE
Tech. Pap. Ser., N0.811191, 14p

3) Kageyama, K. and Kinehara, N. : "Characterization of
Particulate Emission from Swirl Chamber Type Light-Duty
Diesel Engine as a Function of Engine Parameters’, SAE
Tech. Pap. Ser., N0.820181, 12p

4) Wal, J. C. and Hoekman, S. K. : "Fuel Composition Effects
on Heavy-Duty Diesel Particulate Emissions’, SAE Tech.
Pap. Ser., N0.841364, 42p

5) Barry, E. G., McCabe, L. J., Gerke, D. H. and Perez, J. M. :
"Heavy-Duty Diesel Engine/ Fuels Combustion
Performance and Emissions -A Cooperative Research
Program-", SAE Tech. Pap. Ser., N0.852078, 23p

6) Yoshida, E., Nomura, H., Sekimoto, M. : "Fuel and Engine
Effects on Diesel Exhaust Emissions', SAE Tech. Pap. Ser.,
No0.860619, 9p

7)  Weidmann, K., Menrad, H., Reders, K. and Hutcheson, R. C.
: "Diesdl Fuel Quality Effects on Exhaust Emissions’, SAE
Tech. Pap. Ser., N0.8881649, 11p

8) Otani, T., Shigemori, M., Suzuki, T. and Shimoda, M. :
"Effects of Fuel Injection Pressure and Fuel Properties on
Particulate Emissions from H.D.D.| Diesel Engine", SAE
Tech. Pap. Ser., N0.881255, 8p

9) Ulmann, T. L. : "Investigation of the Effect of Fuel
Composition on Heavy-Duty Diesel Engine Emissions’,
SAE Tech. Pap. Ser., N0.892072, 19p

10) Fukuda, M., Tree, D. R,, Foster, D. E. and Surhem, B. R. :
"The Effect of Fuel Aromatic Structure and Content on
Direct linjection Diesel Engine Particulate”, SAE Tech.
Pap. Ser., N0.920110, 12p

11) McCarthy, C. 1., Sodoeske, W. J., Sieniki, E. J. and Jass, R. E.
: "Diesel Fuel Property Effects on Exhaust Emissionsfrom a
Heavy Duty Diesel Engine that meets1994 Emissions
Requirements', SAE Tech. Pap. Ser., N0.922267, 23p

12) Burley, H. A. and Rosebrock, T. L. : "Automotive Diesel
Engines Fuel Composition vs. Particulates’, SAE Tech.
Pap. Ser., N0.790923, 12p

13) Bertoli, C., Del Giacomo, N., lorio, B. and Prati, M.V. :
"The Influence of Fuel Composition on Particulate
Emissions of DI Diesel Engines', SAE Tech. Pap. Ser.,
N0.932733, 10p

14) Tsurutani, K., Takei, Y., Fujimoto, Y., Matsudaira, J. and
Kumamoto, M. : "The Effects of Fuel Propeties and
Oxygenates on Diesel Exhaust Emissions', SAE Tech. Pap.

O000000 R&DOODODOOV. 32 No.2 (1997.6)



86

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

27)

Ser., N0.952349, 12p

Montagne, X., Boulet, R. and Guibet, J. C. : "Relation
between Chemical Composition and Pollutant Emissions
from Diesel Engines’, 13th World Petroleum Congr. Forum,
Topic.16
0ooo,000,0000,0000:"000000O
J0ooo0o0oooooooooooooooooo
“ooooooov7oooOoOoOooOO0O00 Vol.b,
(1992), 1919

ASTM D1319, Standard Test Method for Hydrocarbon
Typesin Liquid Petroleum Products by Fluorecent Indicator
Adsorption

Hayes, Jr, P. C. and Anderson, S. D. : "Hydrocarbon Group
Type Analyzer System for the Rapid Determination of
Saturates, Olefins, and Aromatics in Hydrocarbon Distillate
Products’, Analytical Chem., 58(1986), 2384[] 2388
Hayes, Jr, P. C. and Anderson, S. D. : "The Analysis of
Hydrocarbon Distillate for Group Types Using HPLC With
Dielectric Constant Detection: A Review", J.
Chromatographic Sci., 26(1988), 2100 217

0000, 0000 :"0000000o0oooooo
ooooooooooooooooooog (o3d)
0oooooo",oo0ooo,28-2(1985), 1560 161
Di Sanzo, F. P. and Yoder, R. E. : "Determination of
Aromaticsin Jet and Diesel Fuels by Supercritical Fluid
Chromatography with Flame I onization Detection ( SFC-
FID) : A gquantitative Study", J. Chromatographic Sci.,
29(1991), 407

Wright, B. W., Udseth, H. R., Chess, E. K. and Smith, R. D.
: "Supercritical Fluid Chromatography and Supercritical
Fluid Chromatography/Mass Spectrometry for Analysis of
Copmplex Hydrocarbon Mixtures', J. Chromatographic
Sci., 26(1988), 22801 235

Galleges, E. J.,, Green, J. W., Lindeman, L. P,

LeTourneau, R. L. and Teeter, R. M. : "Petroleum Group-
Type Analysis by High Resolution Mass Spectrometry",
Analytical Chem., 39-14(1967), 1833[J 1838

Lee, S. W., Coulombe, S. and Glavincevski, B. :
"Investigation of Methods for Determining Aromaticsin
Middle-Distillate Fuels', Energy & Fuels, 4(1990), 2000 23
goooo,0oooo,oooobo:"0obobboooood
000o00oo0oooooooooono (010 )1H0
O01RBCNMROODDODOODOODODDOOOOOO"O
0000, 25-4(1982), 2050 212

Ogawa, T., Araga, T., Okada, M. and Fujimoto, Y. : "Fuel
Effects on Particulate Emissions from D.l. Engine -
Chemica Analysis and Characterization of Diesel Fuel”,
SAE Tech. Pap. Ser., N0.952351, 21p

Wang, Z., Fingas, M. and Li, K. : "Fractionation of a Light
Crude Qil and Identification and Quantitation of Aliphatic,
Aromatic, and Biomarker Compounds by GC-FID and GC-

0000000 R&DOODODOOV. 32 No.2 (1997.6)

28)

29)

30)

31)

32)

MS, Part 1", J. Chromatographic Sci., 32(1994), 3610 365
Beckey, H. D. : "Principle of Field lonization and Field
Desorption Mass Spectrometry”, Int. Ser. in Analytical
Chem., 61(197 ), 244, Pergamon Press

Scheppele, S. E., Grizzle, P. L., Greenwood, G. J.,
Marriott, T. D. and Perrela, N. B. : "Detemination of Field-
lonization Relative Sensitivities for the Analysis of Coal-
Derived Liquids and Their Correlation with Low-Voltage
Elecron-Impact Relative Sensitivities', Analytical Chem.,
48-14(1976), 21050 2113

Mead, W. L. : "Field lonization Mass Spectrometry of
Heavy Petroleum Fractions - Wax", Analytical Chem., 40-
4(1968), 7430 747
oo0:"0DO00Doooooooooooooooon, o
00000, 33-4(199), 1350 142
oooo,0000:"0c000oooooooooon
oo0oooooooooooooooY,ooooo,
26-5(1983), 37601 375

goooooo

000000 Tadao Ogawa
0o0adi99o00
goodoooooooo
dddoooooooooooooo
ddddoooooooooooooo

goooooooo
o000 ooooond



