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INTERNATIONAL

Standard Test Method for

Carbon-Type Composition of Insulating Oils of Petroleum

Origin '

This standard is issued under the fixed designation D 2140; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (€) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This test method may be used to determine the carbon-
type composition of mineral insulating oils by correlation with
basic physical properties. For routine analytical purposes it
eliminates the necessity for complex fractional separation and
purification procedures. The test method is applicable to oils
having average molecular weights from 200 to above 600, and
0 to 50 aromatic carbon atoms.

1.2 Carbon-type composition is expressed as percentage of
aromatic carbons, percentage of naphthenic carbons, and
percentage of paraffinic carbons. These values can be obtained
from the correlation chart, Fig. 1, if both the viscosity-gravity
constant (VGC) and refractivity intercept (r;) of the oil are
known. Viscosity, density and relative density (specific grav-
ity), and refractive index are the only experimental data
required for use of this test method.

1.3 This test method is useful for determining the carbon-
type composition of electrical insulating oils of the types
commonly used in electric power transformers and transmis-
sion cables. It is primarily intended for use with new oils, either
inhibited or uninhibited.

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:

D 129 Test Method for Sulfur in Petroleum Products (Gen-
eral Bomb Method)?

D 445 Test Method for Kinematic Viscosity of Transparent
and Opaque Liquids (and the Calculation of Dynamic
Viscosity)?

D 923 Test Method for Sampling Electrical Insulating Liqg-
uids?

' This test method is under the jurisdiction of ASTM Committee D-27 on
Electrical Insulating Liquids and Gasesand is the direct responsibility of Subcom-
mittee D27.07 on Physical Tests.

Current edition approved April 10, 1997. Published January 1998. Originally
published as D 2140 — 63 T. Last previous edition D 2140 — 91.

2 Annual Book of ASTM Standards, Vol 05.01.

3 Annual Book of ASTM Standards, Vol 10.03.

D 1218 Test Method for Refractive Index and Refractive
Dispersion of Hydrocarbon Liquids®

D 1481 Test Method for Density and Relative Density
(Specific Gravity) of Viscous Materials by Lipkin Bicap-
illary Pycnometer?

D 2007 Test Method for Characteristic Groups in Rubber
Extender and Processing Oils and Other Petroleum De-
rived Oils by the Clay Gel Absorption Chromatographic
Method?

D 2501 Test Method for Calculation of Viscosity-Gravity
Constant (VGC) of Petroleum Oils?

D 3238 Test Method for Calculation of Carbon Distribution
and Structural Group Analysis of Petroleum Oils by the
N-D-M Method*

D 4052 Test Method for Density and Relative Density of
Liquids by Digital Density Meter*

3. Terminology

3.1 Definitions:

3.1.1 percent of aromatic carbons (% C,)—the weight
percent of the total carbon atoms present in an oil that are
combined in aromatic ring-type structures.

3.1.2 percent of naphthenic carbons (% Cy)—the weight
percent of the total carbon atoms present in an oil that are
combined in naphthenic ring-type structures.

3.1.3 percent of paraffinic carbons (% Cp)—the weight
percent of the total carbon atoms present in an oil that are
combined in paraffinic chain-type structures.

Note 1—The resolution of carbon atoms into structural classifications
is independent of whether the structures exist as separate molecules or are
combined with other structural forms in a molecule. For example, a
paraffinic chain may be either an aliphatic hydrocarbon molecule, or may
be an alkyl group attached to an aromatic or naphthenic ring.

4. Summary of Test Method

4.1 A sample of the oil to be analyzed by this method is first
tested to determine its viscosity, density and relative density
(specific gravity), and refractive index. From these measured
properties the viscosity-gravity constant (VGC) and refractiv-
ity intercept (r;) are obtained by calculation, using the equa-
tions given. The calculated values of VGC and r; are used with

4 Annual Book of ASTM Standards, Vol 05.02.
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FIG. 1 Correlation Chart for Determining % C,, % Cy, and % C, (See Appendix)

Fig. 1, to correlate those parameters with carbon-type compo-
sition. The composition in terms of % C4, % Cy, and % Cp
may be read directly from Fig. 1.

Note 2—Fig. 1 is a form of correlation chart that has been found
satisfactory for use with this method. Other chart forms may be devised
and used in preference to Fig. 1 if it is determined that the data obtained
are consistent with similar data from Fig. 1.

5. Significance and Use

5.1 The primary purpose of this test method is to character-
ize the carbon-type composition of an oil. It is also applicable
in observing the effect on oil constitution, of various refining
processes such as solvent extraction, acid treatment, etc. It has
secondary application in relating the chemical nature of an oil
to other phenomena that have been demonstrated to be related
to oil composition.

5.2 Results obtained by this method are similar to, but not
identical with, results obtained from Test Method D 3238. The

relationship between the two methods and the equations used
in deriving Fig. 1 are discussed in the literature. >

5.3 Although this test method tends to give consistent
results, it may not compare with direct measurement test
methods such as Test Method D 2007.

6. Apparatus

6.1 No specific apparatus is required for use by this test
method. However, to obtain the VGC and r, parameters of Fig.
1, certain measurements of basic physical properties of the test
oil must be made. The apparatus required for those measure-
ments is as specified in other ASTM test methods as detailed in
Section 7.

5 Kurtz, S. S., King, R. W,, Stout, W. J., Partikian, D. G., and Skrabek, E. A.,
“Relationship Between Carbon-Type Composition, Viscosity-Gravity Constant, and
Refractivity Intercept of Viscous Fractions of Petroleum,” Analytical Chemistry, Vol
28, pp 1928-1936 (1956).
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7. Procedure

7.1 Obtain a uniform sample of the oil to be analyzed for
carbon-type composition, using sampling procedures as speci-
fied in Test Method D 923.

7.2 Determine the viscosity, density and relative density
(specific gravity), and refractive index of the sample experi-
mentally by the procedures specified in the following test
methods:

7.2.1 Viscosity—See Test Method D 445.

7.2.2 Density and Relative Density (Specific Gravity)—See
Test Method D 1481 or D 4052.

7.2.3 Refractive Index— See Test Method D 1218.

8. Calculation

8.1 From the measured viscosity and specific gravity prop-
erties of the oil sample (7.2) calculate the viscosity-gravity
constant, VGC, as follows (Note 3):

VGC = G + 0.0887 — 0.776 log log (10V — 4)
=T 1.082 — 0.72 log log (10V — 4)

where:
G relative density (specific gravity) at 15.6°C (60°F), and
V= viscosity, ¢St at 37.8°C (100°F).

Note 3—This equation for VGC was devised by Moore and Kaye.®
Accurate VGC data may be obtained using other equations and other
measurement temperatures. Test Method D 2501 gives some of these
alternatives.

8.2 From the measured density and refractive index proper-

ties of the oil sample (7.2) calculate the refractivity intercept,
r;, as follows:

ry=n,"" = (d12)

i

where:

np 20 = refractive index at 20°C (68°F) for D line of
sodium, and

d = density at 20°C (68°F).

8.3 Enter the correlation chart, Fig. 1, with the values of
VGC and r,, from 8.1 and 8.2. Read from Fig. 1 the corre-
sponding values of % C,, % Cy, and % Cp.

8.4 For oils containing 0.8 % or more sulfur, the accuracy of
this test method may be improved by applying a sulfur
correction. This may be done by use of the following equations
(Note 4):

Sulfur correction for % Cy = —weight % $/0.288

Sulfur correction for % Cp, = +weight % 5/0.216

Sulfur correction for % C,
= 100 — (corrected % Cy + corrected % Cp)

Note 4—Commercially available oils of the types to which this method
applies normally have sulfur contents of less than 0.8 %. Therefore it is
unlikely that a sulfur correction will be necessary. For new or experimen-

¢ Proc., 15th API Annual Meeting, November 1934, Section II, p. 7.

tal oils, or whenever the true sulfur content is unknown, the determination
of that quantity is recommended. A satisfactory method is described in
Test Method D 129.°

9. Report

9.1 Report the following information:

9.1.1 Designation of test method used (D 2140),
9.1.2 Sample identification.

9.1.3 Percent of aromatic ring carbons (% C,).

9.1.4 Percent of naphthenic ring carbons (% Cy), and
9.1.5 Percent of paraffinic chain carbons (% Cp).

Note 5—The total of 9.1.3, 9.1.4, and 9.1.5 should equal 100 %.

10. Precision and Bias

10.1 Precision—The precision of this test method has not
been the subject of an interlaboratory test. This procedure
involves calculations based on three experimentally observed
values whose precisions are given in their respective methods.
The precision of this test method (without the sulfur correc-
tion), calculated from the precisions of these values and using
the equations of Appendix X1 to avoid errors in reading Fig. 1,
is as follows:

10.1.1 Repeatability— The difference between successive
results obtained by the same operator with the same apparatus
under constant operating conditions on identical test material
should, in the long run, in the normal and correct operation of
the test method exceed the following values only in 1 case in
20:

Ca=0% Ca=25% Ca=50%
C. 02 0.1 0.1
Cy 03 0.2 05
Cp 02 0.2 0.5

10.1.2 Reproducibility— The difference between two single
and independent results obtained by different operators work-
ing in different laboratories on identical test material should, in
the long run, exceed the following values only in 1 case in 20:

Ca=0% Ca=25% Ca=50%
C, 0.2 0.2 0.2
Cy 07 0.4 1.0
Co 05 0.4 1.1

Note 6—The precision of the carbon-type composition calculation
varies with position on the C,—C,~C, plane of Fig. 1. Sensitivity to
experimental error for the Cy, and Cp, values is greatest at high C, values.
The precision values given above do not apply if routine test methods,
rather than the precision methods specified, are used for determining
density and refractive index.

10.2 Bias—Since there is no accepted reference material
suitable for determining the bias of this test method, no
statement on bias is being made. A comparison of results from
this test method and a complex separation and purification
procedure has been reported’ for petroleum fractions, with
agreement between the two methods being dependent on the
viscosity-gravity constant of the fraction.

11. Keywords

11.1 carbon type; composition; electrical oils; mineral oils;
oils

7 Stout, W. I, et al, “Adsorption and Physical Property Methods.” Symposium on
Composition of Petroleum Oils, ASTM STP 224, ASTM, 1957, p. 230.
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APPENDIX
(Nonmandatory Information)

X1. COMPUTER PROGRAM FOR CARBON-TYPE COMPOSITION CALCULATION

X1.1 Because of the difficulty in reading Fig. 1 accurately, calculates these values and the carbon-type composition ana-
as well as the necessity of calculating viscosity-gravity con- Iytically may be convenient. A FORTRAN IV subroutine that
stant and refractivity intercept, a computer program that does this calculation is as follows in Fig. X1.1:
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SUBROUTINE D2140 (DZO,RIZO,VGC,VIOOF,SGGO,SULF,WAT,CA,CN,CP,RINT,
1 IERR)

CALCULATES CARBON-TYPE COMPOSITION BY ASTM D2140

PARAMETERS ARE: D20-DENSITY AT 20C, RI20-REFRACTIVE INDEX AT 20c,

VGC-VISCOSITY GRAVITY CONSTANT, V100F-VISCOSITY AT 100F IN CsT,

5G60-SPECIFIC GRAVITY AT 60F/60F, SULF-% SULFUR, CA-% AROMATIC

CARBONS, CN-% NAPHTHENIC CARBONS, CP-% PARAFFINIC CARBONS,

RINT-REFRACTIVITY INTERCEPT, IERR-ERROR FLAG

DIMENSION AV(24), BV(24), AR(10), BR(10)

DATA VMIN,RMIN,VMAX,RMAX,DV,DR / .78,1.035,1.01,1.080,.01,.005 /

DATA AV,BV,AR,BR / 84.6667,82.9,80.4132,77.7949,75.,72.1,69.6667,
66.931,64.6,62.1466,60.0566,57.9784,55.9048,53.9376,52.6728,
51.4286,50.8333,50.3333,50.0444,50.1011,50.1,51.0476,52.0308,
52.0641, .333333,.366657,.380165,.379747,.375,.38,.393333,
.396552,.41,.427332,.45283,.478921,.495238,.511879,.543641,
.571429,.616667,.666667,.722222,.790055,.85,.952381,1.061538,
1.128205, 8i52,74.7,68.4,63.9,60.1,56.3,52.8,49.6,46.4,43.4,

.368,.494,.578667,.639,.680634,.708176,.73029,.748115,.761905,
.770870 /

IF (VGC .GT. 0.) GO TO 100
C ** CALCULATE VGC IF NOT PROVIDED
IF (V100F .LE. .4 .OR. SG60 .LE. 0.) GO TO 800
FACTOR = ALOG10(ALOG10(10. * V100F - 4.))
VGC = (SG60 + .0887 - .776 * FACTOR)/(1.082-.72*FACTOR)
C ** CALCULATE REFRACTIVITY INTERCEPT
100 IF (RI20 .LE. 1. .OR. D20 .LE. 0.) GO TO 810
RINT = RI20 - D20 * .5
C ** INTERPOLATE VGC LINE
IF (VGC .LT. VMIN .OR. VGC .GT. VMAX) GO TO 820
QUOT = (VGC - VMIN) / DV + 1.
I = INT(QUOT)
IP = I + 1
FRAC = QUOT - FLOAT(I)
AVGC = FRAC * (AV(IP) - AV(I)) + AV(I)
BVGC = FRAC * (BV(IP) - BV(I)) + BV(I)
C ** INTERPOLATE REFRACTIVITY INTERCEPT LINE
IF (RINT .LT. RMIN .OR. RINT .GT. RMAX) GO TO 830
QUOT = (RINT - RMIN) / DR + 1.
I = INT(QUOT)
IP = I + 1
FRAC = QUOT - FLOAT(I)
ARI = FRAC * (AR(IP) - AR(I)) + AR(I)
BRI = FRAC * (BR(IP) - BR(I)) + BR(I)
C ** FIND COORDINATES OF POINT OF INTERSECTION OF THE TWO LINES
DEN = 1. - BVGC * BRI
CN = (ARI - AVGC * BRI) / DEN
CP = (AVGC - ARI * BVGC) / DEN
IF (SULF .LT. .8) GO TO 110
CN = CN - SULF / .288
CP = CP + SULF / .216
110 CA = 100. - CN - CP
C ** RESULTS BOTH PRINTED AND RETURNED THROUGH PARAMETERS
WRITE (6,900) VGC,RINT,WAT,CA,CN,CP
900 FORMAT (’'0VGC= ’,F6.4,4X,’REFR INTER= *,F6.4,4X, "WATSON K=’ ,F6.2
’ 1 /' CA= ’,F5.1," CN= ' ,F5.1,° CP= ',F5.1)
WRITE (6,910)
910 FORMAT (1X,’----cecmmccie e iiiiiiaaiieaaaas ')
IERR = 1 N
RETURN
C ** ERROR MESSAGES
800 WRITE (6,980) V100F, SG60
980 FORMAT (' VGC CANNOT BE CALCULATED, V100F=’,1PE10.2,’ SG60=*,
A 1PE10.2)
IERR = 2
RETURN
810 WRITE (6,981) RI20, D20
981 FORMAT (' REFRACTIVITY INTERCEPT CANNOT BE CALCULATED, RI=’',
A 1PE10.2, ' D20/4=',1PE10.2)
IERR = 3
RETURN
820 WRITE (6,982) VGC
982 FORMAT ('’ VGC OUT OF RANGE, VGC=’,F7.3)
IERR = {4
RETURN
830 WRITE (6,983) RINT
983 FORMAT (’ REFRACTIVITY INTERCEPT OUT OF RANGE, RINT=’,F7.3)
IERR = §
RETURN
END

»*
»
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TOTEMOOD >

FIG. X1.1 FORTRAN IV Subroutine
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.
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