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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards

bodies (IS

0 member bodies). The work of preparing International Standards is normally carried out

through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of

electrotec

hnical standardization.
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in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed-fotr the
ypes of ISO document should be noted. This document was drafted in accordance with the
ules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

attention to the possibility that the implementation of this document may‘hvolve the yse
nt(s). ISO takes no position concerning the evidence, validity or applicability of any clainfed
hts in respect thereof. As of the date of publication of this document;"ISO had not received

notice of (a) patent(s) which may be required to implement this document. However, implementers gre
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expressio

that this may not represent the latest information, which may beZebtained from the pat¢nt
hvailable at www.iso.org/patents. ISO shall not be held responsible for identifying any or|all
ht rights.

name used in this document is information given for the convenience of users and does ot
an endorsement.

planation of the voluntary nature of standards/the meaning of I1SO specific terms and
hs related to conformity assessment, as wellvas information about ISO's adherence|to

the Worlgl Trade Organization (WTO) principles.in;the Technical Barriers to Trade (TBT), gee

WWW.iSO0.

brg /iso/foreword.html.

This docujment was prepared by Technical Committee ISO/TC 28, Petroleum and related products, fuels

and lubric|
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ants from natural or synthetic sources, Subcommittee SC 4, Classifications and specifications.

ack or questions on this document should be directed to the user’s national standards body. A
isting of these bodies canbigfound at www.iso.org/members.html.
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Introduction

On 1 January 2020, MARPOL Annex VI Regulation 14.1 reduced the maximum sulfur (S) content of
marine fuels to be used when operating outside an emission control area (ECA) from 3,50 % by mass
to 0,50 % by mass. This resulted in a more diverse range of fuel blend formulations being offered to the
marine market and an increasing interest by the marine industry in the characterization of petroleum-
derived fuels not including fatty acid methyl ester (FAME), in terms of their aromatic or paraffinic
nature.

This—document prnvidnc an indicator for dpfining whether a ppfr‘n]mlm-dprivnd residual fuel which

dops not include FAME, as supplied to a ship, is more aromatic or paraffinic in nature.

© IS0 2023 - All rights reserved v
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Petroleum products — Characterization of marine fuels by
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ctions in terms of their paraffinic, naphthenic or aromatic nature, by their viscosity-gravity

Normative references

Terms and definitions

" the purposes of this document, the following terms and definitions apply.

[SO Online browsing platform: available at https/www.iso.org/obp

IEC Electropedia: available at https://www.electropedia.org/

ty acid methyl ester

er derived by (trans-)esterification of fats and vegetable oils

'y low sulfur fuel oil
SFO
rine fuel with a maximum sulfur content of 0,50 % by mass

rh sulfur fuel‘oil
FO
rine fuelwith a sulfur content exceeding 0,50 % by mass

Characterization of petroleum fuels

4.1 General

Riazilll cites two methods for the characterization of petroleum fractions:

©lI

the Bureau of Mines correlation index (BMCI);

the viscosity-gravity constant (VGC).

SO 2023 - All rights reserved

tHRreRtprovides—bestprs es—on—the—ealetdation—and—use—efan—infermative—ndicator for
t characterization of fossil residual marine fuels not containing FAME as defined in IS0)8217. This
Cument is based on established guidance used by the petroleum industry to charactérize petroleum

constant.

and IEC maintain terminology databases for use in standardization at the following addré¢sses:


https://www.iso.org/obp/ui
https://www.electropedia.org/
https://standardsiso.com/api/?name=4937217da689ad3af8df74fa1160f08e

ISO/TR 18588:2023(E)

4.2 BMCI (or CI)

4.2.1 General

BMCI, often also referred to as correlation index (CI) is used to characterize petroleum fractions/crude
oils. Riazilll reports that values of BMCI between 0 and 15 indicate a predominantly paraffinic oil. A
value of BMCI greater than 50 indicates a predominance of aromatic compounds(2l. According to the CI
scalel3], all n-paraffins have a CI value of 0, while cyclohexane (the simplest naphthene), has a CI value
of 50, and benzene has a CI value of 100. Using the CI scale, petroleum fractions can be classified as

described in Table 1.
Table 1 — Classification of petroleum fractions according to CI values
Nature of petroleum fraction Clvalue
Paraffinic (P) <29,8
Naphthenic (N) <570
Aromatic (A) >75,0
4.2.2 Calculation of BMCI (or CI)
BMCI (or [I) relies on terms that are not available from the routine testing of marine fuels. It can|be
determingd from Formula (1).
Igmc ¥ 48640 +473,7xG4 —456,8 (1)
Ty
where
Igyc i the Bureau of Mines correlation index;
G, igthe liquid specific gravity at 15,6 °C{60 °F) [see Formula (2)];
Ty, idthe volume average boiling point/expressed in degree kelvin (K) [see Formula (3)].
G, can be falculated from the fuel’s density as follows:
1%150 K
G, =~ 2
= 2)
where
P15 isithe density at 15 °C, expressed in kilogram per cubic metre (kg/m3);
H and.K—are variables the values of which are to be selected from Table 2

© IS0 2023 - All rights reserved
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Table 2 — Values of H and K versus G,

G, value
- Hvalue K value

min. max.
20,79 <0,81 0,998 342 0,000 964
=0,81 <0,83 0,998 492 0,000 842
=0,83 <0,849999 9 0,998 641 0,000 718
20,849999 9 <0,8750001 0,998 761 0,000616
20,8750001 <0,900 0001 0,998 881 0,000511
=20,900 0001 <1 0,999 011 0,000 394
>1 <1,1 0,998 861 0,000 544

Thie volume average boiling point T}, can be calculated from Formula (3):

1,651 4x10~*xM+1,410 3xG. ~7,515 2x10~ ¥ xMxG N
( s S)xM°'5369><GS 0,7276

Ty, =9,3369xe 3)
where

T, isthe volume average boiling point, expressed in dégree kelvin (K);

G, 1istheliquid specific gravity at 15,6 °C (60 °F) [sée Formula (2)];

e is the Euler number;

M  isavariable, the value of which can.becalculated from Formula (4).

M =223 56><v38("1'243 5+1,122 8xGg) ><1)99(3,475 8-3,038xGg) y ~ —0,6665 @)

=223, s

where

Usg is the viscosity-at 38 °C, expressed in square millimetre per second (mm?/s);

Ugg is the viscosity at 99 °C, expressed in square millimetre per second (mm?/s).

Hejnce, the’Conversion of viscosity at 50 °C, vs, to viscosity at 38 °C and 99 °C is essential.

Fofrulae (5) and (6) can be used to convert viscosity at 50 °C to viscosity at 38 °C and 99 °C gs follows:
{ln[ln('050 +0,7)]+3,55x1n(w j}

U3g =€° 27315438 | _( 7 o
(ntintusg 071 s5an( 222550 |

Vgg =€° 27315499 | _( 7 o

where vg, is the viscosity at 50 °C, expressed in square millimetre per second (mm?/s).

©1S0 2023 - All rights reserved 3
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4.2.3 Algorithm to calculate BMCI (or CI)

The algorithm to calculate BMCI (or CI) can be found in Annex A.

4.3 Viscosity-gravity constant

4.3.1 General

Viscosity-gravity constant (VGC) is based on an empirical relation developed between Saybolt viscosity
(SUS) and_specific gravity through a constant. Later, the formulae were revised, using density and

values fo

C

paraffinic and aromatic hydrocarbons. According to Speightl4l, VGC varies for pataffihic

Viscosity{or the calculation of VGC, as in ASTM D2501. Both Riazi and ASTM D2501 refer to

hydrocar
ASTM D2]
close to 1,

4.3.2 (i

The origiy
formulae

at15°Ca
either 5,5

ons from 0,74 to 0,75, for naphthenic from 0,89 to 0,94, and for aromatics from 0,95 to 1,[13.

00 indicate a preponderance of aromatic structures.

lculation of VGC

al formulae used Saybolt Universal Seconds and specific gravity as the input parameters. T
were later transformed to use kinematic viscosity in excess of 4 mim?2/s at 40 °C and dens

input parameters. The formulae were further revised to use kiitematic viscosity in excess
mm?2/s at 40 °C or 0,8 mm2/s at 100 °C [see Formula (7)].

P15 —0,108—-0,1255x1g(n—0,8)

Cve =
where
Cyg 1
P15 1
n i
NOTE
Formula (

In[In(vg5(+0,7)]+3,55xIn )27 3,15+50 }
¢ -0,7

ik the viScosity of the fuel at 100 °C, expressed in square millimetre per second (mm?2/s);

0,90-0,097x1g(n—0,8)

5 the viscosity-gravity constant;

5 the density of the fuel at 15 °C, expressed in gram per millilitre (g/ml);

5 the viscosity of the fuel at 100 ?C,eéxpressed in square millimetre per second (mm?/s).
ASTM D2501 also includes a formula to calculate VGC based on viscosity at 40 °C.

B) can be used to convert yiscosity at 50 °C to viscosity at 100 °C as follows:

273,15+100

01 refers to values of VGC near 0,800 indicating samples of paraffinic character while valjes

he
ity
of

[7)

8)

5 4l h - | 1
LIIC LUICT TITUIIIouct,

Us, is the viscosity at 50 °C, expressed in square millimetre per second (mm?2/s).

4.3.3 Algorithm to calculate VGC

The algorithm to calculate VGC can be found in Annex A.

© IS0 2023 - All rights reserved
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The following figures are based on a sample subset of residual marine fuels of approximately 9 000
samples with S content <0,50 % by mass and approximately 1 000 samples with S content 20,50 % by

mass drawn in 2021.

NOTE Similar results were obtained for two other data sets of samples.

S.I BMCI versus VGC and density for fuels with S content <0,50 % by mass

Figure 1 plots the calculated BMCI value of residual fuel oils with a sulfur content at orbelow

mdss [very low sulfur fuel oil (VLSFO)] against the calculated VGC value.

Y
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Figure 1 — Plot of BMCI against VGC for VLSFO
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Figure 2 plots the calculated BMCI value against density. Using the BMCI scale reference values, the
corresponding VGC values and density can be calculated (see Table 3).
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95t
90
85
80
75
70
65
60
55|
50
45
40
35
30
25
20
15

O 1 1 1 1 1 L 1 1 1 J
0,8p 0,87 0,89 091 0,93 0,95 0,97 0,99 1,01 1,03 1,05 X

Key
densitly of the fuel at 15 °C, expressed in kilogram.pér cubic metre x 10-3
Igmc
Igmc =|75

Igmc =|57

Igmc =129,8
regression line

g 0 wm > < X

Figure 2 — Plot of BMCI against density for VLSFO

5.3 BM[I versus)VGC and density for fuels with S content 20,50 % by mass

Figure 3 gnd<Figure 4 plot the calculated BMCI value of residual fuel oils with a sulfur content abgve
0,50 % by|mass [high sulfur fuel oil (HSFO)], respectively, against the calculated VGC value and density.
Using the BMCIScale reference values, the corresponding vGC and density values can be calculated (see
Table 3).

6 © IS0 2023 - All rights reserved
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Igmc = 29,8
regression line
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Figure 3 — Plot of BMCI against VGC for HSFO
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5.4 Sigl

Table 3 i
correspor

0,87 0,89 091 0,93 0,95 0,97 0,99 1,01 1,03 1,05 X

 of the fuel at 15 °C, expressed in kilogram per-cabic metre x 103

75

57

29,8
sion line

Figurey4 — Plot of BMCI against density for HSFO

hificance andwuse of VGC

5 derived from Figures 1 to 4. Table 3 presents the BMCI reference values against the
ding VGC and density values for all samples, as well as VLSFO and HSFO separately.

Table 3 — BMCl reference values against corresponding VGC and densitv

All samples VLSFO HSFO
Nature of pfetroleum BMCI Density Density Density
fraction VGC VGC VGC
kg/m3 kg/m3 kg/m?3
Paraffinic (P) <29,8 0,82 888 0,82 887 0,81 900
Naphthenic (N) <57,0 0,88 952 0,89 952 0,88 956
Aromatic (A) >75,0 0,92 994 0,93 995 0,92 992

Correlating BMCI values with densities of fuel oils shows that density is an existing characteristic that
can be used to obtain an indication of the nature of the fuel oil irrespective of the sulfur content of the
fuel. Densities near or below 900 kg/m3 indicate the fuel to lean towards being paraffinic in nature.

© IS0 2023 - All rights reserved
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Values of VGC near 0,80 or below indicate the fuel leaning towards being paraffinic in nature, while
values greater than 0,92 indicate a preponderance of aromatic structures, irrespective of the sulfur
content of the fuel, which is in line with Riazi stating VGC > 0,95 to be indicative for the aromatic nature
of the fraction.

VGC values are not hard cut limits, but are used to evaluate whether a product leans more towards
being paraffinic or aromatic in nature when comparing one product to another. Calculation of VGC
according to ASTM D2501 is less complex than a calculation of BMCI. By applying the VGC formula to
the standard density and viscosity tested parameters of a residual marine fuel, values of the VGC can
provide an indication of the character of the fuel.

Figure 5 plots VGC versus the viscosity of the fuel for different densities.
Y1
1,00+
0,98 ..
O o T 2
0,94+ N e T T 1010
0,92t \\\\\"‘-~::T:.—_““'"“------_____-_-:-_“_- ------------------------ 1000
""" 990
0,90+ 980
0,88 - 970
960
0,86} 950
0,84+ 940
930
0,82t 920
0,80+ 910
‘ 900
0,78} ™ 890
0,76 880
870
0,74 r 860
0,72+ 850
o7obb o SO0 . .. L L
50 W00 150 200 250 300 350 400 450 500 550 600 650 700 X
Key
X | viscosityat 50 °C, expressed in square millimetre per second (mm?2/s)
Y1| viScosity-gravity constant
Y2| density of the fuel at 15 °C, expressed in kilogram per cubic metre (kg/m3)

Figure 5 — Plot of VGC against viscosity, 25 mm?Z/s to 700 mm?2/s for different densities

EXAMPLE1 The calculated VGC for a residual fuel with viscosity of 100 mm?2/s at 50 °C and density of
900,0 kg/m3 is 0,82, which is indicative for the fuel leaning more towards being paraffinic in nature.

EXAMPLE 2 The calculated VGC for a residual fuel with viscosity of 180 mm?2/s at 50 °C and density of
990,0 kg/m3 is 0,93, which is indicative for the fuel leaning more towards being aromatic in nature.

©1S0 2023 - All rights reserved 9
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Annex A
(informative)

Algorithms to calculate SG, BMCI and VGC

A.1 Algorithm to calculate SG

SG = (IF(AND(p;5/1 000 > = 0,81; p;5/1 000 < = 0,83);((p;5/1 000-0,000 842)/0,998 492);
IF(AND(pfs/1 000 > 0,83; p;5/1 000 < = 0,85);((p15/1 000-0,000 718)/0,998 641);
IF(AND(pfs/1 000 > 0,85; p;5/1 000 < = 0,875);(p;5/1 000-0,000 616)/0,998 761);
IF(AND(p}s/1 000 > 0,875; p;5/1 000 < = 0,9);((p15/1 000-0,000 511)/0,998 881);
IF(AND(p}s/1 000 > 0,9; p;5/1 000 < = 1);((p45/1 000-0,000 394)/0,999 011);
IF(AND(p}s/1 000 > 1; p;5/1 000 < = 1,1);((p15/1 000-0,000 544)/0,998 861)";Error”)))))))

where p;dis the density at 15 °C, expressed in kilogram per cubic metre (kg/m3).

A.2 Algdorithm to calculate BMCI

BMCI = 48 640/(9,336 9*(EXP((1,651 4*0,000 1*(223,564(EXP(EXP((LN(LN(7 +0,7)))
+3,55*LN((273,15+50)/(273,15+38))))-0,7)"(-1,243 544,122 8*((p,5/1 000-0,000 394)/0,999 011))
*(EXP(EXP((LN(LN(n +0,7)))+3,55*LN((273,15+50)/(273,15+99))))-0,7) (3,475 8-3,038*((p;5/1 000
0,000 394)/0,999 011))*((p;5/1 000-0,000 394)/0;999 011)-0,666 5)+1,410 3*((p,5/1 000-

0,000 394))/0,999 011)-7,515 2*0,000 1*(223,56*(EXP(EXP((LN(LN(7 +0,7))) +3,55*LN((273,15+50)
(273,15+38))))-0,7) (1,243 5+1,122 8*((Jy</1 000-0,000 394)/0,999 011)) *(EXP(EXP((LN(LN(7
+0,7)))+3,55*LN((273,15+50)/(273,15499))))-0,7)"(3,475 8-3,038*((py5/1 000-

0,000 394))/0,999 011))*((p45/1 000-0,000 394)/0,999 011)*-0,666 5)*((p15/1 000-

0,000 394))/0,999 011)))*(223,56¥(EXP(EXP((LN(LN(n +0,7)))+3,55*LN((273,15+50)/(273,15+38))))
0,7)"(-1,2443 5+1,122 8*((p5/1.000-0,000 394)/0,999 011))*(EXP(EXP((LN(LN(7 +0,7)))
+3,55*LN((273,15+50)/(273,15+99))))-0,7)"(3,475 8-3,038*((p;5/1 000-0,000 394)/0,999 011))
*((p15/1 000-0,000 394)70,999 011)*-0,666 5)"0,536 9*((p15/1 000-0,000 394)/0,999 011)*-0,727 6})
+473,7*((p15/1 000-0,000'394)/0,999 011)-456,8

where

p1s i the density at 15 °C, expressed in kilogram per cubic metre (kg/m3);

N isthe viscosity at 100 °C, expressed in square millimetre per second (mm?2/s).

10 © IS0 2023 - All rights reserved
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