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Comparative Study on the Dynamic Properties of Fuel Oils
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2. Introduction

2.1 Measurement of octane number of
gasoline

ASTM D2699(RON), D2700(MON) stan-
dard engine test methods
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2.7 Measurement of cetane number of
diesel fuel

ASTM D613 standard engine test method
Y dold dre ASEAY FHU

Q @t o wal AUt FE ool
AR SAZAE ollolN o] BT
A, 744, 7138, @8 £F 2da 33
49 fEAREY 242 1005 152 o
A" T FE2H85E9 n-hexadecane(n-
cetane)? heptamethylnonane®9] &3t
oA z=3Et. “AaFEA"e) At A
2o AHEHAS W AseE o HIAA
5479 dAE 2RFez veped o
Boz Agdch A5 A7)

7} dgo] WHAA Bl N o= F

= 2 oA,

4 tlold AzFe] YASA Y 3
7He 9% g9l ASTM D-6132 A
Qurgel ARA RS} S gow of
uhge o3 249 FASAL vojd AR
A% 538 2o JAARS gy Hs

A7 FF3] AAHA gErin FHA A
w2l HEASA wEEn . olF
S0 RESNA o] FFAZAIEEH
A5 Hriol e JHeAniet 7HE
= v QA g EE AREe] 4A &
A 7hsd 28l JAsEA 3EE g9
o gt dTE ¥A .

cjojdl dAxmel Mgvlel] vix= &I
A 29 4% o7 2o

Normal alkanes(n-pentane 12|31 Zh&
Bade 27eS A2 FaA54e N
AT Adelrt AFE(E & Ba
F) Mgzt A= F7hE. isoalkanes
el AR e Axd lEstel WS
PG, 2 2ok A El
B ol AFHL 1 2 Te ¥
o= 7 Al&o] UUA(GEEH, 3, 4-
dimethyldecane®} 3, 3-diethylocatane) o]
A /89 iscalkanesE HIEAAE FAA
ch NE2eNT BHFF BErEiES o
Aoz 3] 7] normal alkane(linear)
s ZEA denid AEtes 2AaA7IY
(4259, n-hexylbenzened H3E5AL
AN

> fo pr NN

o o

BN

2oox o
fo e rfr

3. Prediction methods of octane num-
ber of gasoline

3.1 From chemical compositions

3.1.1 By gas chromatography and
group additivity

P. C. Anderson, J. M. Sharkey, and R.
P. Walsh, J, Inst. Pet., 58, 83, 1972.

“Calculation of the Research Octane

Number of Motor Gasolines from Gas

Chromatographic Data and a New Ap-

proach io Motor Gasoline Quality Contorl”



3.1.2 By' H-NMR spectroscopy
M. E. Myers, Jr., J. Stollsteimer, and A.
M. Wims, Anal. Chem., 47, 13, 2301, 1975.
“Determination of

Gasoline Qctane

Numbers from Chemical Composition”

M. E. Myers, Jr., J. Stollsteimer, and A.

M. Wims, Anal. Chem., 47, 12, 2010, 1975.

“Determination of Hydrogen-Type Dis-
tribution and Hydrogen/Carbon Ratio of
Gasolines by Nuclear Magnetic Resonance
Spectrometry ['H-NMR]”

M. E. Myers 2 71439 &a718 ¥
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RON=A + (B) (isoparaffin index) + (C)
(aromatics) + (D) (lead) + (E) (sulfur)
MON=F+(G) (isoparaffin index) + (H)
(aromatics) + (1) (lead) + (J) (sulfur)
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Fig.1 High resolution NMR spectrum of a
premium grade gasoline
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Z} 2, 2, 4-trimethylpentane®} n-heptane
of thg HEUSS BEY. NMRd| 23
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3.1.3 By FT-Infrared spectroscopy

G. E. Fodor, SAE Technical Paper 941019,
“Analysis of Petroleum Products by Midband
Infrared Spectroscopy”

G. E. Fodor, et al., Anal. Chem., 1996.
“Analysis of Gasoline by FT-Infrared
Spectroscopy”
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3.2 From Carbon Type Structural Com-
positions

3.2.1 By'* C-NMR spectroscopy

J-H Choi, et. al., J. of Korean Ind. &
Eng. Chemustry, 4(4) 753, 1993.

3.2.2 By Near-Infrared spectroscopy

G. A. Lang, Hydrocarbon Processing,
Feb., 69, 1994.

“NIRs monitor critical gasoline parame-
ters”

M. 5. Zetter, B. A. Politzer, Hydrocarbon
Processing, Mar., 103, 1993.

“On-line octane control with NIR analyz
ers”

J. J. Kelly and J. B. Callis, Anal. Chen.,

62, 1444, 1990.
“Nondestructive Analytical Procedure for
Simultaneous Estimation of the Major
Classes of Hydrocarbon Constituents of
Finished Gasolines”

J. J. Kelly, C. H. Barlow, T. M. Jinguji,
and J B. Callis, Anal. Chem., 61, 313, 1989.
“Prediction of Gasoline Octane Numbers
from Near-Infrared Spectral Features in
the Range 660~1215nm”

D. E. Honigs, T. B. Hirschfeld, and G.
M. Hieftje, Anal. Chem., 57, 443, 1985.
“Near-Infrared Determination of Several
Physical Properties of Hydrocarbons”

R. DiFoggio, M. Sadhukhan, M. L. Rang,
Oil & Gas Journal, May, 87, 1993.
“Near-infrared offers benefits and chal-
lenges in gasoline analysis”

N. Asker and S. Kokot

“The Application of NIR Spectroscopy
for the Prediction of Properties of Austra-
lian Refined Reformate”

S. J. Swarin and C. A. Drumm, SAE
912390.
“Prediction of Gasoline Properties with Near-
Infrared Spectroscopy and Chemometrics”

S. R Westbrook, SAE Technical Paper
930734
“Army Use of Near-Infrared Spectroscopy
to Estimate Selected Properties of Com-
pression Ignition Fuels”

DA <8

660~1215nme] AP AA sHEA
gradEdoz e sledd 2 e
HEE 458 F de 7HeAe] 24N
t} o] 29 ER Qe WY, WY
d, Wi a8y 99 JA4r|E9 CH7)
E9] overtones®} combination Z% bands
7t #dEE

HE(eF BN 288 Ul olF
FgolMe 2dEY Q5L SE 2

Hedel deizla FA seuEEY B

z]—g— & ek WA ol 2A 437kl ¥
23 NB8g9 2dEz THE(EHY
< pump SE7b] diEld ASTM
-fi‘*‘%.‘l;ﬂ Ao r AFY St of
FE F9WA 2L A FE 31
A J}"“’E FHR 3L FYH(R*=
0.95:standard error of estimate, 0.3~0.4

do B oA 2 B clo
L P
A

ﬂJ’H

octane number;standard error of predic-
tion, 0.4~0.5 octane number). Partial
least square (PLS) regression& AM&3 =
¥ s (EHEs 248 vt 295 B9
o}

107}4)9] @12 A sle}n)E] & (research
and motor octane numbers, Reid vapour
pressure, API gravity,-bromine number,
lead, sulfur, aromatic, olefinic, and satu-
rate contents)d] thME AldE ey ~



o = ale] regression analysis¥= 107}A % 9
7AA Ao thaiA 0.94~0.99 e R’
FozM AATAE Hol= ERE vehf
glew FFEMA= Independent reference
testgtER ZH3ATH

2) A &

2e7le d¥F s SAHE 7HEYY
ARzA e 53 JAow AL Anjz} 7t
Fxot BEdEr. Svle S5 dAR
ASTM-CFR A|@aRdA BFE =7 A%
(A71)9 &3 28 2= olw A5
7Y A% 7% AR EFEY vuE
o SRt ERE 8 a7HE e
grol vl ¥R (US$ 100,0000]48) A&
ARl fA BRprt a5 Zhe FER o]
dashy g ¥ AlEd of 1pte] 71Ed A
S5 sl AlRT 208 E FAX3Te]
Zodt. 0¥ 77l W @7bEERANA
9} & ON-LINE $4& & ey &
A Zepn QA Fu) AT @ A
oA HBE FHANLHY 8T EHE
T2 g9 Alg " "R Au|s v

et
aEzg £33 Sevt 33L T A
AldEol =%3 aTEH ¢ A&sin 71

Hala k4 on-line Ao WslA Agkek
Alge] @At} Clevett: on-line £
7 F4E 98 AeiriAe] 82 A
AdEE AESIGUH. olF B2 V7ES =
ade A= FE AbEvkeg g5
a4 thermocouplesE& Al&Fch o5 &
AREE 717188 A4 g&Es AdH
oz vy FAAZte] AlEY 5~208-&
2H|ght CFR di7le] ofd F$-Ho bd.e
7HEd N B dg 22P
SEL 238 9% A Aekgel v
s1eta Q. Fxeb LRhvbele] FAl &S

e

BEET8 et /Vol.18, Nob, 1996/7
2 Ytk AHE gEeas ¥ SWE
JEhN Y (n-heptane2 0 SEH7}l HEFZA

Aoz NAE wdalrLes SE7E 7
A 71tk (isooctane= X E7}7F HEFA 100
o2 Aoy ) AHgdr}). 28 BEF
galrAs dutdog ¥ SErE 7
ek spEdd SAste 4 24 AEEY
Sarsn A0 Fozivkd AAFHA
2718 &7 9§ additive BAE o] E
o] AN=EA & 5 Utk oY AEE R
WA Walshe} Mortimero]] o] xjeis] 3;1 o
M ol§& 7}&H 7t 2 ESE E9st
zAor8 A% A] gas chromatography
AHgstgom SE7tE dZaA JY o
F(F) A7 ATE 3&-H &5 v E

al
=
=

o] Zlge] &7l hE EFH d5E F
o @42% on-lineg YA VTR B

A|Zbam B shn) o ulel A4y 24
How Algdr).

SE7e LS ey B3 43
58 437 A% BUE AR 7K Al

ok

go Ae AE71EY HHEA Fe] AL
9| &3t} Lest Allene ##HA 1= group

AR g 498y FHPES sl
3 7} groupd] 7|g¥8FEE FPoZN T
Bl A8 22 493y 4I5S
A Fstacth 28l reF JlEd AAEE
34 & F A& Ao} olnd AME
#2172 (NMR), mass & A 53
g 22 o2 rpA] £33 7leEF vt
A& AHE-IAE A4E Ptk o)E
Bty 7le2 AR BE ZALEES
A A5 FIAT FLIEE F4
F e 2YEYH J9e AL sheA &
1= s i =S b = KA o
HuviE 4R o E4o] w2 A A
e ABE =&

j ==

A A



/3 4

71&d 229 A8 group additivity
o] A% 100MHzolAl proton NMR spec-
tra2 %8 SEE 427 948 Meyer %
d <z geEsjelR. o] AT L =
HAARES ey AT 7HEd AFS
L8y} Aol ATWAE Rtk oY
ol FEAAE 9Es J¥o] ohuUrt
A7t olE ARSL F2 LAY Ay
AP ZAT FAS
ficientsZ Al2-5lF ch

Dolbears 19 u]ZEFHA 7[&d]
Set7lel £ AABAE Hojr HAFH
71ed Alge NMR ~# E=Zle] aromatic,
aliphatic Z28]x allylic d49¢] Z+ 747]<]
e)ze] HEH AFHEL A& v F
ol4e] AFgoe] 2@VE dFslzH AT
& o]ict A g=E NMR-E on-line AR89
& AT seo] ohich I AT<
A% 233 A5 247 98 (3
W g YA HQ Aol o]Fold i ¢
28 WA Aol o) Fold 4 AtE A
& xol@ 9

98 344 WA 5 4E Honigs,
Hirschfeld Z18]3 Hieftjeoll ]3] A™=lo]
At o5& Mz & Fd F5 2HE
Qo) T (H RS BHG o 371 @t
Za0) EFRE A A4Q, HE &3
g o2ln 27 dErige 78 A 2
A 7MsS R

3) 2% 3 31&

2 H9N ~u ety E38 &3

a9 3¢ A sEd Alge SW-NIR
ruEalg dem Aok 29 30 2ejA
FHUES slaUse Z4Y UHELE
o Be e $4E) £ drelth 2
AN FFUEL &8 ZAEE

SW-NIR~#® Egle} vlus) Bogx &3

£13! weighting coef-

ABSORBANCE

0% 760 850 550 1050 1150
WAVELENGTH (nm)

Fig.3 Short wavelength near-infrared(SW-
NIR) absorption spectra of 43 unleaded
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Fig.4 SW-NIR absorption spectra of selected
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Table 1 Main C-H Absorption Bands in the
SW-NIR Wawvelength Region(ap-
proximate peak maxima in nm)

absorption | methyl |methylene|aromatic
band C-H C-H C-H
2nd overtone | 1,190 1,210 1,145

combination | 1,015 1,053

3rd overtone 913 934 875
4th overtone 746 762 714
5th overtone 715

ot SHHY} WS QRELS 2 HM o
Ao Al A3t C-H overtonesE Kol o
E9 combination bands= &/33 Q] SW-
NIR =€ Ezg} A AL Fadct 7
9l C-Heo] EA3 overtones®} combina-
tionse] FollAe} 2 Ao F4 Ho)=
9] gutA el 3L Ads)ojdet. ¥ 19
& SW-NIR g9HA 7148 AJgdllA #&
5= Baleae C-H &4 nojagd i3l
ol% ¥EFES A Tk

4. Prediction method of octane num-
ber of natural gas fuel

J. Kubesh, S. R. King, and W. E. Liss,
SAE Paper 922359. '
“Effect of Gas Composition on Octane

. Number of Natural Gas Fuels”

1) Octane number-gas composition cor-
relation
MON=a x %CH,/100+b x % C.H,/100
+cX %C3Hy/1004-d x % C,H,,/100
+ex %CO,/100+f % %N,/100
where | octane coefficients
a=137.780(CH, coefficient)
b=29.948(C,H; coefficient)
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c¢=-18.193(C,H; coefficient)
d=-167.062(C,C,, coefficient)
e==181.233(C0O, coefficient)

_ f=26.994(N, coefficient)

2) Octane number-hydrogen/carbon ra-

tio correlation
Y=Co+C xX+C,xX*+C3x X3
where | Y=MON

X=H/C ratio
Co=-406.14
C,=508.04
C;=-173.55
C,=20.17
3) Octane number-methane number

correlation

@ Regression from calculated MN

values:
" MON=0,583 x MN+75.69

MN=1.624 x MON—119.1

(2 Regression from measured MN val-
ues:
MON=0.679 X MN+72.32
MN=1.445 x MON—103.42
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Table 2 Equations for Finding Octane Coeffi-
cients

0.901a+0.060b+0.007¢+0.008d+0.007e+0.017f=126.2
0.850a+0,065b+0.030c+0.010d+0.010e+ 0.035{=119.6
(.883a+0.078b+0.012c40.003d +0.018e+0.0061=126.7
0.883a+0.030b-+0.119-+0.0084+0.003e+ 0.007{=112.9
0.842a+0.088b-+0.037¢+0.000d+0.010e4-0.025f=120.4

0.821a+0.140b+ 0.012¢+0.000d +0.007e+0.020{=118.9
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MON=a x %CH,/100+b x %C,H/100
+eX %CsH,y/100+d x % C,H,0/100
+e X %CO;/100+{ X %N,/100
where : octane coefficients
a=137.780(CH, coefficient)
b=29.948(C,H; coefficient)
¢=-18.193(C;H; coefficient)
d=-167.062(C,C,, coefficient)
e=181.233(CO, coefficient)
f=26.994(N; coefficient)
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34 2o g octane weighting factors =
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Table 3 Octane Coefficients

a=137.780(CH, coefficient)
b=29.948(C,H; coefficient)
c¢=-18.193(C,H; coefficient)
d=-167.062(CH,, coefficient)
e=181.233(CO0, coefficient)
f=26.994(N, coefficient)
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4.3.3 d@7-S&7} R
A¥F ez A derte} $7HMON)
Alelg] AA@AA A Linear regressiond]
g R727:& 0.9810t}), ojRe Zuis
Aole) Hhe & MYBAE Uekh ol
=3
| (D Regression from caleulated MN val-
ues:(R™2=0.947)
MON=0.583 x MN+75.69
MN=1.624 xMON—119.1
@ Regression from measured MN val-
ues: (R~ 2=0.981)
MON=0.679 x MN+72.32
MN=1.445 x MON—103.42

5. Prediction methods of cetane num-
ber of diesel fuel

5.1 Cetane index Caculation by ASTM
D976-81 :

CI=65.01[log M}*+0.192[G [log M]
+0.016[G]*~0.0001809[ M J*—420.34

CI=454.74—1641.416D+774.74D?
—0.554B+97.806 (log B)*?

where Cl=cetane index
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D=density at 15C, g/ml

B=mid-boiling temperature, C

5.2 Prediction of cetane number in
terms of surface tension

0. L. Gulder and G. Moroz, SAE 861520
“Surface tension as an indicator of cetane

number of diesel fuels”

0, D, Ty Tioy Tsoy Tooy V

CN=-1.8653X,—0.7522X,+8.6675X;
+1.65X,—289.22X;+111.25X;
+0.39X;+6.26(1/X,) +2761.3

where ; X;=0"/T,
X.,=(D/o) x 10°
X,=(D¥6)rx 108
o.surface tension at 251,
in mN/m
D:density at 20C, in kg/L
Tt (T1o+Ts04T)300. inC
X,=(T.}/D*) x107!
Xs=DxIn(T.H
Xe=(D/Tw)*x10°
X;=V[V.viscosity at 407, in
cSt ]

Table Comparison of the cetane index correlations and the predictive equation developed in

terms of surface tension

In terms o_f ASTM D976 | CGSB Index New proposal NRQC Cetane
surface tension to ASTM index-1
Error>>20CN 0 0 1 0 0
>15CN 0 4 3 1
>10CN 0 7 6 1
> B5CN 2 22 15 15 6
> 2CN 30 55 49 46 25
< 2CN 91 66 72 75 96
St. deviation 1.79 4.05 4.60 417 2.52
of Residuals '

5.3 Canadian General Standards Board
(CGSB) Cetane Index

D. E. Steers, SAE Paper 841344,
“Development of the Canadian General
Standards Board (CGSB) Cetane Index”

Where : K: (T10+T50+T90+820)/200

xd?

V=exp[exp(-2.707+0.01057

5.4 NRCC Cetane Index-1

X Tso) ] —04

O. L. Gulder, G. F. Burton, and R. B.

CI = 77.7628 + 0.1765[ AP] + 0.003867
[AP]?—11.6150[K.]+0.584[K.]*
—0.6350[ V]

Whyte, SAE
“NRCC Cetane Index-1 : An Improved Ce-

tane Number Predictor”



CN=11.113Y,—0.3175Y ;> — 391.644(1/

Y.) +269.14D*+10.881(Y /D)2~

719.41(D/Y,) +612.473(1/Y > +
1727.94(1/Y,) —949.466(1/Y )+
0.0223V + 11.425(1 / V) + 8.19In
[(Y,—Y)?*]+5.181[(Y,D)Y.]*+
15.365(AP/50) +4.23(AP/50)*—
595.3
where : Y=T/D
Y=T/D
Y=T/100xD
Y=T/100xD
G=API gravity .
D=density at 20°C, kg/L
d=density at 15°C, kg/L
M=midboiling point, °“F
AP=aniline point, C

5.5 Prediction of Cetane Number in
terms of Tig Tse Teo D, and Aniline
Point

M. C. Ingham, J. A. Bert, and L. J.
Painter, SAF 860250.
“Improved Predictive Equations for Ce-
tane Number”
(D From aniline point
PCN =-0.611 4 45.5 X exp(0.0150 x
APN)
where : APN=(AP—60)
@ From T,g, Tse, Te and density
PCN=45.2+0.0892 X Tyon+ (0.313
#£0.901 x B) X Tsoy+ (0.0523
—0.420 X B) X Tooy+4.90E
X (Tyox— Toox) +107 x B+60.0
xB?
where | B=exp(-3.50xDN)—1
DN=(D—0.850)

BRETEESE /Vo.18, Nob, 1996/ 15

Tiow=(T1o—215)
Tson=(Ts5—260)
Tan=(Tgp—310)
@ From Tio, Ts, Tw, density, and ani-

line point

PCN =44.9+ 0.0376T, ,rx637 + 0.620
XB) X T5n+ (0.0118 —0.241
X B) Ton—7.40E~* X Toon+
50.7 x B+132 xB*+(0.382
+0.00238 x VN) x APN

where | VN=[(T,;+Ts+Ts)/30]

—260

APN=AP-60
B=exp(-3.5xDN)~1
DN=d—0.85
Tiow=T1c—215
Tson="Ts—260
Ton=Twp—310

56 From Carbon Type Structural Com-
positions

5.6.1 By 'H-NMR spectroscopy

0. L. Gulder and B. Glavincevski, Ind.
Eng. Chem. Prod. Res. Dev., 25, 2, 153,
1986.
“Prediction of Cetane Number of Diesel
Fuels from Carbon Type Structural Com-
positions determined by Proton NMR Spec-
troscopy”

GCN=B;+[B,/C,+B,/C.2]+ (B,
+B.InC,) + (BsC,+B:Co2) +(B:C,
+BCs»

where:B,=24.3848
B,=-286.728
B,=587.3567
B;=1.5227
B,=-15.882
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B. Glavincevski, O. I, Gulder, and I AdEiach ALE S ognE o235
Gardner, SAE Paper 841341. A7t leire] il FEN B 7R
“Cetane Number FEstimation of Diesel o o AAFR Mgty eapExRc oz

Fuels from Carbon Type Structural Com-
position”

0. L. Gulder, and B. Glavincevski, Pre-
prints, Division of Petroleum Chemistry, 30,
1, 287, 1985.

“Effect of Carbon Type Structure on Ce-
tane Number of Diesel Fuels”

0. L. Gulder and B. Glavincevski, Com-
bustion and flame, 63, 231, 1986.

“Ignition Quality Determination of Diesel
Fuels from Hydrogen Type Distribution of
Hydrocarbons”

B. K. Bailey, J. A. Russell, W. W,
Wimer, and J. P. Buckingham, SAFE
861521.

“Cetane Number Prediction from Proton-
Type Distribution and Relative Hydrogen
Population”

0. L. Gulder, B. Glavinecvski, and R.
Kassinger, SAE 872144.

“Ignition Quality Determination of Marine
Diesel Fuels”
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5.6.2 By C-NMR spectroscopy

T. H. DeFries, D. Indritz, and R. V.
Kastrup, Ind. & FEng. Chem. Res., 26; 2,
188, 1987.7
“Prediction of Cetane Number by Group
Additivity and Carbon-13 Nuclear Mag-
netic resonance”

0. L. Gulder and B. Glavincevski, Ind.
& FEng. Chem., Res. & Dev.,, 27, 2192,
1988.

Ca=14H,+ Hp, x Ha/2.5

C,=He/2
C.=H/25 i

Fig6 Regions of five hydrogen types on a
typical proton NMR spectrum

Table 4 Regions of Hydrogen Types on 'H
NMR Spectra

hydrogen type | chemical shift from MeSi, ppm
Hwe 9.0~7.05
Haur 7.06~6.5
H, ‘ 40~1.8
H. ' 1.8~1.06
H, 1.06~0.5

_______  ARETB®E/ Vo.18, Nob, 1996/ 17

“Comments on Prediction of Cetane Num-
ber by Group Additivity and Carbon-13
Nuclear Magnetic Resonance”

J-H Choi, et al, J. of Korean Ind. &
Eng. Chemistry, 4 (4), 709, 1993.

D. Indritz 59 A7 e GrHoz2 4
g4 AHAES AEs] s AHEE
W Group Additivity 71d& 83 ow
#A" AR2-vojA d89 AErtE S5
=t 32 7 dvke A& 2Ath HE
A DY eIV EZNEH Balrd TR
2 o] o3P e #Fsed "C-NMR
HE Agstan 183t TEE Al
d FeEg A @uM Ed 4
4 QAo 9FE vAs EZEWY
ATEH 24E& FRY 5 Aok

T8 P59 Aerte Bae 1+
2T #AEAol Aok AR FRE AT
H o2 Hrlelal MertE &3k Group
Additivity Ruleg Alg-8tc}. 425 8l 3HE )
sl A= 7h¥ Group Counting Schemeo©]
Normal & Branched Paraffinse} @ =]
g8 dANAEe] MErtE 537 A5
Al A2-HT} Counting Schemes ©3b4

dE ot 4o e
Do

B0 T T 1 T T T T T
§70 O/O/
Zool P
g , " i
50~ ‘ |
g [ ﬁ@" i
5

W —
g - /o- -
gau—‘ /° -
g} s 67 FUELS
EZQ'—O/ -

il a0 ) 50 60 70 80
OBSERVED CETANE NUMBER, CN

Fig.7 Predicted cetane numbers vs. ob-
served cetane numbers
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The structural inlerpretation of major NMR spectral features
(of a hydrocarbon mixture)
The major peaks that are presenl in a typical hydrocarbon mix-
ture are those thal are also important to cetane number:
(1) aromatic carbon bonided to an ethyl or longer chain
(2) aromalic carbon bonded to 4 melhyl
(3) aromalic carbon bonded to 2 hydrogen
(4) methyl on a long chain
(5) methylene & to a methy] on a long chain
(6) methylene fto amelhyl on a long chain
(7) methylene ¥ or farther from anylhing other than a methylene
(8) methyl carbon on an aromatic ring, and
(9) methyl carbon on a naphthenic ring or at a branch point
The aliphatic hump contains immobile salurated carbon aloms,
e.g., methylene groups in naphthenic rings.

Fig.8 Structural interpretation of *C-NMR
spectra
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5.7 From chemical compositions

5.7.1 From chemical compositions(n-
alkanes, branched plus cyclic
saturates, and total aromatics)
by HPLC & "“C-NMR

D. J. Cookson, J. L. Latten, I. M. Shaw,
and B. E. Smith, Fuel, 64, 509, 1985.
_“Property—composition relationships  for

diesel and kerosene fuels”

Cl=a,[n]+a,[B]+aAr]
where:[n]=n-Alkanes
[BC)=Branched plus cyclic satu-
rates

[Ar]=Total aromatics



a,=98.7, a,=52.0,
a;=-7.2, R?=0.973
Cl=98.7xn+52.0xBC+7.2x Ar
DA 8
18702 to]d dARFo] AHHULH F
A2 ehd A 23L

branched plus cyclic saturates, single-ring

n-alkanes,

double-ring aromatics, and
polynuclear aromatics24] Fol¥glen F
59 6& ol Aod 59 WE hpleXd

of AHEE FE& vebd Zolt. hple.g} !
Cnmr. 71€& ol & 45 Hal A4
A9t dug 247 4AE Aole] B
7} #EAUAT. 425 Ag A4 =
FEHUE Atoldl i3 B (simple lin-
ear relationships)7} AR&=¢lT). o}EAE
B ARA L ALgsle] WaEE AT A S0
FEHAom o9 A HA £ TIH

AR 3 AL Alele] AP AEE B
= A A 4= (coefficient of multiple
determination), R%}:E A Al Absled e
Atk EEe) AeE4 L 4B

Table 5 Response factors for hpl.c. analysis

aromatics,

ol

BEETBEEE /Vo.18, Nob, 1996/ 19

Eo] o]FolHr} vlold AR disle %
e AT e ADE Rigk @) o
9 2ol EAE £ Uk
gravity(0.99); "C-nmr aromaticity(0.99); 'H

inverse specific

—-nmr aromaticity (0.88); cetane index(0.97);
aniline point(0.96); diesel index(0.98); 1%

1. FIA-measured aromatics content((Q.
77). AFe) BAL EAHeE VHAYR

zelroz PW BoH HAEH 244
o] ABAAE BYT BARHGO DY
B olg 445¢ dE=A golth E 7
oA rd HEARAAEY AAE e
3 Helth

5.7.2 From

(saturates, single-ring aroma-

chemical compositions
tics, double-ring aromatics, po-
lynuclear aromatics) by HPLC
J. H. Choi, Papers in press 283
5524Y 434
“Prediction of Physical and Dynamic
Properties from Chemical Compositions of
Diesel Fuel by HPLC Analysis”

I Az 24 (HPLC)

Saturates Single-ring aromatics

Double-ring aromatics

Polynuclear aromatics

2.85(2.07) 1.56

1.02 0.8

Table 6 Definition of terms for description of fuel composition

Compound class

Symbol for weight fraction

Total saturates
n-Alkanes
Branched plus cyclic saturates
Total aromatics
Single-ring aromatics
Double-ring aromatics*

Polynuclear aromatics

(5]
[n]
[BC]
[Ar]
(1]
[2]
[P]

* t]o)d ¢&e] multiple linear regression

h=]
24

nuclear aromatics®] & 7la]Zd] Al&F},

o] 4] symbol [2]% double-ring aromatics$} poly-




20 / 3" )g ................................. PP PE PP R

Table 7. Resuits of multiple linear regression analysis for diesel fuels

Properties (1] [2] [Ar] [n] [BC] R?

(SG)™ ‘ 0.989 1.354 1.164 0.987

AP 35.6 2445 153.7 0.963

CI - 72 98.7 52.0 0.973

DI -19.7 120.6 51.9 0.978

C.. 50.5 81.3 0.986

H., 24.5 0.877

FIA 112 0.773

(242

{High Performance Liquid Chromatogram)

Peak no. RT  ©38 % A %

. Saturates:

. Total Aromatics:

. Single-ring Aromatics:
. Double-ring Aromatics:

o> o D

. Polynuclear Aromatics:

(2a) 2 S AR o2

1.9 &: 6. 28 &
2. APl v}3 . 7. % A4xd
3. opdald : 8. Car% :
4. A7} 9. Har% :
5. tjold A% ! 10. Ar% :




o elste} Tiold Azel satEel zHe
saturates, single-ring aromatics, double-
rign aromatics 18] polynuclear aroma-
tics2 #2], ¥4 ol gozhH v,
APl vz, 2AE, 94249, dgrl, diesel
index, o}<d¥4d, Car%, Har%, Ar%2] F
AR TEZE TS 107109 4EpES
FA9 AN 99% 2] F& ABEZH o
23 4 e 7Iygeln BAAZ(Y 15F),
S7EE ARRAN F 15mg), 7HEHEH
o] o Ftdsled EEF 7hElEe] gl
oy ARl &go] Lolsly 7]7] A
o] 744 % ASTM FFA @A oL} A
Mgso] Algs L gl e TR 71715
o WA= of$ Atk a2n &
Ze An BaMe Y&} Zo| & 7]71H
Hpgs g4 EHoy {LE7 &
o3 712 AHES 2 dth B 7184 o
g giadiM e M #ol51A)7] vhghd

5.8 Prediction of Cetane Number of
Alternative Fuels

M. J. Murphy, SAE Paper 831746

------ o EEETR®E/Vo.18, Nob. 1996 /21

“An Improved Cetane Number Predictor

for Alternative Fuels”

PCN=21.56 In T—59.346 ID—0.835 |
+75.435 In H—265.2

where T=mid-boiling temperature, C
D=density, g/ml
H=hydrogen content of fuel,

wt. %

6. Appendix

6.1 Estimation of Average Molecular
Weight of Diesel Fuels

B. Glavincevski and L. Gardner, SAE
861523.
“An Expression for the Average Molecu-
lar Weight of Diesel Fuels”

MW=Ty/np—=In MW=In T,—d XIn ny®
where . Ty=volumetric average boiling
point, C at 1 atm
d=density at 15C, g/cm®
np?=refractive index at 20°C,

1 atm

Table 8 Parameters used for Estimating Cetane Number

Eq. Index Physical Correlation
No. Property
1 |Diesel Index APIG DI— (APIG) (A.P)
AP ' 100
2 |Calculated APIG a. C.CI=1754(log M.B.P)+1.98(APIG) —496
Cetane Index M.B.P. b, C.C.1=-420.3440.016G?+0.1926G logM

c. C.C.I=454.74—1641.416D+774.74D*—-0.554B

+65.01(logM)?—0.0001809M?

+97.803(logB)?

Cetane Index MB.P

3 |CFR Calculated APIG CFRC.C.I=97.833[log(M.B.P) ]*'+2.21[ (APIG)log

(M.B.P)+0.0125[ APIG I*—423.5{ log
MB.P]—4.78[ APIG]+419.63




2/# M

Fa. Index Physical Correlation
No. Property
4 |Characterization |M.A.B.P MABP &
Factor S.G CF.= (—g“(;_‘)
5 |lgnition-Quality ~ |APIG LoN_ API®) (AP) (MBP)
Number AP 100,000
N.B.P :
6 Modilfied Ignition |APIG MIQN= (APIG) (A.P) (MB.P) 1.4 1
Quality Nurnber AP 100,000
M.B.P
7 |Cetane Value Xar C.V=0.2X:s+0.1X+0.85X,
XN
Xe
8 |Viscosity-Gravity [S.G a VON— (5.G)60°F+0.0877—0.776[ log log(KV—4)]
Number K.V 1.082—0.72[log log(KV—4)]
10S.G—1.0752 log(V—238)
b VGO etV —39)
5.G—0.1244 log(V,—31)
& VG 0255 —0.0979 log(V,—31) 083
9 |Specific Parachor |S.G 0.250 '
SP=
g S.G
10 |Caleulated Cetane |(D.] CCN= (D.) [(MB.P)+13]
Number M.B.P 790
11 |Calculated Cetane |M.B.P M.B.P T—56
CCN=—"——7——
Number 5.G 5(5.G)
12 DI C.CN= (D.I) [(M.B.P)+14]
MB.P 810
13 Dl CCN=Z (DD +14
14 D.I 2
MBP C.C.N—E(D.I) +(0.068M.B.P)—22
15 DI 2
MBP C.C.N—E(D.I) +(0.068M.B.P) — (0.685AFPIG) +10.5
16 |Cetane Number AP CN=0.18[(A.P)—7] _
17 |Cetane Index AP(TC) Cl=77.7628+0.1765A.P+0.003867(A.P)*—11.6150KC
D +0.5844K(C*—0.6350KV
B.Points
K.V(407T)
18 G.CN A

G.CN=A,+ C +ACy" 4+ ALC,+ALnC,+AC,+ AL,

A




