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INTERNATIONAL STANDARD ©1SO ISO 2977:1997(E)

Petroleum products and hydrocarbon solvents — Determination
of aniline point and mixed aniline point

WARNING|— The use of this International Standard may involve hazardous materials, operations and
equipment. This International Standard does not purport to address all of the safety problenis associated
with its usle. It is the responsibility of the user of this International Standard to establish appropriate safety
and healtH practices and determine the applicability of regulatory limitations'prior to use.

W

1 Scops

This Internptional Standard specifies a method for the determination of the aniline point of petroleum{ products and
hydrocarbgn solvents, and the mixed aniline point of those products having aniline points below the temperature at
which anilipe will crystallize from the aniline-sample mixture:

Method 1 describes a procedure for transparent samples with an initial boiling point above ambient temperature,
and for thgse with an aniline point below the bubble“point and above the solidification point of the @niline-sample
mixture.

Method 2, g thin film method, describes aprocedure for samples too dark for testing by method 1.
Methods 3|and 4 are for samples that may vaporize appreciably at the aniline point.
NOTE 1 Mgthod 4 is particularly Suitable where only small quantities of sample are available.

Method 5 Hescribes a pfocedure using automated or automatic apparatus suitable for the range covered by
methods 1|and 2.

NOTE 2 The aniliie-point (or mixed aniline point) is useful as an aid in the characterization of pure hydrocarbons and in the
analysis of| hydrocarbon mixtures. Aromatic hydrocarbons exhibit the lowest values and paraffins thg highest, with
cycloparaffins”and olefins exhibiting intermediate values. In a homologous series, the aniline points increase [with increasing
molecular 5

NOTE 3 Although the aniline point can be used in combination with other physical properties in correlative methods for
hydrocarbon analysis, the most frequent usage is to provide an estimate of the aromatic content (or “aromaticity”) of
hydrocarbon mixtures.

2 Normative references

The following standards contain provisions which, through reference in this text, constitute provisions of this
International Standard. At the time of publication, the editions indicated were valid. All standards are subject to
revision, and parties to agreements based on this International Standard are encouraged to investigate the


https://standardsiso.com/api/?name=c221220d2a1d01943f29bd12e357ec09

ISO 2977:1

997(E)

©1SO

possibility of applying the most recent editions of the standards listed below. Members of IEC and ISO maintain

registers of ¢

urrently valid International Standards.

ISO 648:1977, Laboratory glassware — One-mark pipettes.

1ISO 2049:1996, Petroleum products — Determination of colour (ASTM scale).

3 Definiti

ons

For the purposes of this International Standard, the following definitions apply:

3.1 aniline
volumes of a

3.2 mixed
volumes of a

3.3 bubbl
body of the

4 Principle

Specified vo
mechanically,
cooled at a ¢
mixed aniling

5 Reager
5.1 Anilin

CAUTION —
Handle with

where aniline is handled directly.

Dry analytica
discarding th
determined f
heptane (5.3

hiline and the product under test.

pniline point: The minimum equilibrium solution temperature, in degrees Cel§ius, of a mi
hiline, one volume of the product under test and one volume of heptane.

point: The temperature, in degrees Celsius, noted at the moment when bubbles first a
ixture when heated under standardized conditions.

umes of aniline and sample, or aniline and sample ‘plus heptane, are placed n a tubg

The mixture is heated at a controlled rate until the two phases become miscible. The mi
pbntrolled rate and the temperature at which the'two phases separate is recorded as the an
point.

its and materials

W

great caution. Wear goggles of safety glass and gloves impervious to aniline for all

| reagent grade aniline over potassium hydroxide pellets, decant and distil fresh on the
e first and)last 10 % (V/V). Aniline thus prepared shall give an aniline point of 69,3 °C

in-accordance with the procedure described in 8.1.

point: The minimum equilibrium solution temperature, in degrees Celsius, of a mixty

re of equal

xture of two

bpear in the

and mixed
ture is then
line point or

Aniline is extremely toxic, even in very small quantities, and is absorbed through the skin.

operations

day of use,
+0,2°C as

om thé~average of two independent tests having a difference of not more than 0,1 °C when tested with

As an alternafive To distilling the aniline on the day of use, distil the aniline as described above and collect the
distillate in ampoules which are then sealed under vacuum or dry nitrogen and stored in a cool dark place for future
use. In either case, rigid precautions shall be taken to avoid contamination by atmospheric moisture (see 6.2).

NOTE 4 Experience shows that, under these conditions, the aniline should remain unchanged for at least six months.

NOTE 5 For routine analysis, distillation is not mandatory provided that the aniline meets the requirements of the test with

heptane.

NOTE 6 For the purposes of this International Standard, the term “% (V/V)” is used to represent the volume fraction of a

material.

The aniline point of aniline and heptane determined with automated or automatic apparatus shall be
69,3 °C £ 0,2 °C when corrected using the formula given in E.4.1.
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5.2 Drying agent, consisting of anhydrous calcium sulfate or sodium sulfate.

5.3 Heptane, of minimum purity 99,75 %.

6 Apparatus

6.1 Aniline point apparatus, conforming to the individual method requirements as detailed in:

— annex A for method 1;

— annexB-formethod-2;
— annex|C for method 3;
— annex|D for method 4;
— annex|E for method 5.

NOTE 7 Alternative apparatus may be used, such as the U-tube method for dark oils, ppravided that it has been shown to give
results of the same precision as given in clause 10 and accuracy as defined by the aniline point of heptane (se¢ 5.1), as those
described injannex A to annex E.

6.2 Heating and cooling bath, consisting of a suitable air bath;.a bath using a non-aqueou$, non-volatile
transparent liquid, or an infrared lamp (250 W to 375 W), provided with means for controlled heating.

Water shal| not be used as either a heating or a cooling meditm, since aniline is hygroscopic and moist aniline will
give errongous test results.

NOTE 8 Asg an example, the aniline point of dry aniline~with heptane is increased by approximately 0,5 °LC if the aniline
contains 0,1 % (V/V) water.

If the aniline point is below the dew point of(the atmosphere, pass a slow stream of dry inert gas ihto the aniline
point tube fo blanket the aniline-sample mixture.

6.3 Thermometers, conforming ta'the specifications in annex F. The thermometers shall be providgd with current
calibration ertificates, traceable to national standards, and giving corrections over the range to 0,02 °C.

6.4 Pipeftes, conformingto-1SO 648 Class A, and provided with indirect suction. Capacities requirdd are 10,0 ml,
5,0 ml and|0,5 ml. The 0;5-ml pipette (method 4) shall be provided with a long fine tip.

6.5 Balance, accurate to 0,01 g, suitable for weighing the tube and the sample when the sample cannot be
pipetted Cn{nveniently.

6.6 Safety goggles, manufactured using safety glass.

6.7 Safety gloves, impervious to aniline.

7 Preparation of test sample

Dry the sample by shaking vigorously for 3 min to 5 min with approximately 10 % (V/V) of the drying agent (5.2).
Reduce the viscosity of viscous or waxy samples by warming to a temperature below that which would cause the
loss of light ends or the dehydration of the drying agent. If suspended water is visibly present, centrifuge the sample
to remove the water before carrying out the final drying with drying agent.
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Remove any suspended drying agent by centrifuge or filtration. Heat samples containing separated wax until they
are homogenous and keep heated during the centrifuging or filtration operations.

8 Procedure

8.1 Choice of method

Five methods

, to be used as applicable, are specified as follows:

Method 1: described in detail in annex A, is applicable to clear, light-coloured samples and to samples not darker
than 6,5 by ISO 2049, having initial boiling points well above the expected aniline paint

Method 2: de
to very dark s

NOTE9 Meth

Method 3: de
1SO 2049, ha

NOTE 10 An ¢xample is aviation gasoline.

Method 4: de
method 3, and

Method 5: is
annex E.
8.2 Mixed

This procedu

from the mixtyire. Pipette 10 ml of aniline, 5 ml of the sample and 5 ml of heptane (5.3) into a clean, dry,

Determine th4

9 Evaluat

9.1
light-coloured
thermometer

If the rapge of threeé successive observations of the aniline point temperature is not greater thar

scribed in detail in annex B, is applicable to light-coloured samples, to moderately dark-sa
amples.

pbd 2 is applicable to samples too dark to be tested by method 1.

ing initial boiling points sufficiently low to give incorrect aniline point readings by method 1.

scribed in detail in annex D, is a small-scale method, applicable to the same type of
is applied when only limited quantities of sample are avajlable.

applicable when using automated or automatic\apparatus in accordance with the ins

Aniline point
e is applicable to samples having-aniline points below the temperature at which aniline

aniline point of the mixture/by~method 1 or method 2 as described in annex A or annex B.

on and expression of results

samples.or 0,2 °C for dark samples, report the average of these temperature readings, ¢
calibration errors, to the nearest 0,05 °C, as the aniline point or mixed aniline point.

mples, and

scribed in detail in annex C, is applicable to clear samples and to samples not darker than 6,5 by

sample as

ructions in

crystallizes
apparatus.

0,1 °C for
brrected for

9.2 If such a range is not obtained after five observations, repeat the test using fresh quantities of aniline and
sample in a clean, dry apparatus; if consecutive temperature observations show a progressive change, or if the
range of observations is greater than 0,16 °C for light-coloured samples, or 0,3 °C for dark samples, report the
method as being inapplicable.

10 Precision

The precision of the method, as obtained by statistical examination of inter-laboratory test results is given in 10.1
and 10.2 below. The precision values, with the exception of those for clear, light-coloured samples, were not

obtained from

recent co-operative tests.
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10.1 Repeatability, r

The difference between successive test results obtained by the same operator with the same apparatus under
constant operating conditions on identical test material would, in the normal and correct operation of the test

hal
method, exceed the values below only in one case in twenty.

Aniline point of:

— clear light-coloured samples r=0,16°C
— moderately dark to very dark samples r=0,3°C
Mixed aniline point of:

— clear light-coloured samples r=0,16 °C
— modetately dark to very dark samples r=0,3°C

102 Re 1rndumh|llhl R

The differgnce between two single and independent results obtained by different operators working in different
laboratories on nominally identical test material would, in the normal.@nd correct operation of the test method,
exceed the values below only in one case in twenty.

Aniline pqint of:
— clear light-coloured samples R=0,5°C

— modefately dark to very dark samples R=1,0°C

Mixed aniline point of:
— clear ljght-coloured samples R=0,7°C

— modefately dark to very dark samples R=1,0°C

11 Test report

The test rgport shall'contain at least the following information:

a) a refe[ence to this International Standard;

b) the type and complete identification of the product tested;
c) the result of the test (see clause 9);
d) any deviation, by agreement or otherwise, from the standard procedures specified,;

e) the date of the test.
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A.1 Apparatus

Annex A
(normative)

Method 1

The apparatus shown in figure A.1 shall be used. It consists of:

© SO

A.1.1 Testtube, approximately 25 mm in diameter and 150 mm in length, made of heat-resistant glasl.

A.1.2 Jacket, approximately 37 mm to 42 mm in diameter and 175 mm in length, made of-heat-resistant glass.

A.1.3 Stini

r, manually or mechanically operated, of soft iron wire approximately)2 mm in diametgr, having a

concentric ring of diameter approximately 19 mm at the bottom (see figure A.1). The length of the stirrer|to the right-

angle bend
approximatel

A.2 Procedure

A.2.1 Clea

the top of the stem shall be approximately 200 mm. The portion at right angles to the stem shall be

55 mm long. A glass sleeve approximately 65 mm in lengthand of 3 mm inside diameter shall be
used as a guide for the stirrer.

and dry the apparatus. Pipette 10 ml of aniline and 10 m! of the dried sample into the air-jacketed test

tube fitted wifh the stirrer and thermometer. If the material is too viscous for pipetting, weigh to the nearg¢st 0,01 g, a
quantity of tHe sample corresponding to 10 ml £ 0,02-ml at room temperature. Centre the thermometefr in the test
tube such that the immersion mark is at the liquid:level, ensuring that the mercury bulb does not touch the side of
the tube. Centre the test tube in the jacket tube.

/-Aniline point thermometer

Corks

Test tube

Jacket tube

L ~—

Figure A.1 — Aniline point apparatus
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A.2.2 Stir the aniline-sample mixture rapidly, using a 50 mm stroke, avoiding the inclusion of air bubbles and, if
necessary, heating at a rate of 1 °C/min to 3 °C/min until complete miscibility is obtained by applying heat directly to
the jacket tube. If the aniline-sample mixture is completely miscible at room temperature, substitute a non-aqueous
cooling bath for the heat source. Continue stirring and allow the mixture to cool slowly at a rate of 0,5 °C/min to
1 °C/min. Continue cooling to a temperature of 1 °C to 2 °C below the first appearance of turbidity and record as the
aniline point the temperature, to the nearest 0,1 °C, at which the mixture suddenly becomes cloudy throughout (see
note 11). This temperature, and not the temperature of the separation of small amounts of material, is the minimum
equilibrium solution temperature.

NOTE 11 The true aniline point is characterized by a turbidity which increases sharply as the temperature is lowered.

A.2.3 Repeat the observation of the aniline point temperature by heating and cooling repeatedly until a report as
specified ih 9.1 can be made.
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Annex B
(normative)

Method 2

B.1 Apparatus

B.1.1 Thin-film apparatus, made of heat-resistant glass and stainless steel, conforming to the dimensions given
in figure B.1. Figure B.2 illustrates a suggested assembly.

B.2 Procefdure

B.2.1 Clean|and dry the apparatus. Pipette 10 ml of aniline and 10 ml of the dried_sample into the|tube fitted
with the stirreffand thermometer. If the material is too viscous for pipetting, weigh, to the_.nearest 0,1 g, alquantity of
the sample cofresponding to 10 ml + 0,02 ml at room temperature. Place the thermometer in the tube sugch that the
contraction chamber is below the liquid level, ensuring that the mercury bulb doesnot touch the side of the tube.

Dimensions i millimetres

T oext. 8, ¢ int. 4
Precision bore
Grind two|parallel flats =— glass tubing Stainless steel
to ¢ ext. ¢f tube Lap to running rod ¢ 4
Equare with axis of tube fit on pump rotor ~
2] L/
O )
840 > [¢—— Pump body 2
&
i@ D)
. Hole ¢ 2
—1 . '
F— [ & int. 31 $51 $ through one -
O *
& ‘ wall only Sl $3,2
1 S
5 0 Sl e2s
1 %]
g 4int 116 + 03 | [N .
= ] Left-hand thread, pitch 4, 3,2 wide,
by o 0,8 deep, ¢ ext. 4
& i 0 - Lapped to fit pump body
2R
~ -
u Pump rotor, stainless steel,

—
Grind square_/ 6,4 x 0,8 x 12,7.
and anneal Notch for ¢ 2,4 shaft,

twist and weld
using 18-8 welding rod

Detail of tube Detail of pump

Figure B.1 — Details of aniline point thin-film apparatus
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B.2.2 Adj

thin film flo

delivery tufj
permit obse
to be visiblg through the film. Raise the temperature of the mixture at a rate of 1 °C/min to 2 °C/min u

point has

disappeara
lamp voltag

temperatur

ISO 2977:1997(E)

Stirring motor

Phenol-formaldehyde plastics cover
and support

Spring clips holding aniline

point tube inplace.
+ P

/

| Panel lamp
|_— Pump stirrer

| ———— Leads to 0,8 V supply

Bath

Figure B.2 — Assembly of thin-film:apparatus

List the speed of the pump to produce a continugus stream of the sample-aniline mixture irf the form of a
ving over the light well. With extremely dark-8amples, operate the pump slowly and lowetr it so that the
e nearly touches the top of the light well{_thus obtaining a film that is continuous and thin enough to
rvation of the aniline point. Adjust the wvoltage on the lamp until just enough light is given fqr the filament
htil the aniline
ust been passed, as denoted by definite, sudden brightening of the lamp filamen{ and by the
nce of the more or less opaleseent condition of the film (see note 12). Discontinue heating and adjust the
e so that the filament appears clear and distinct but not uncomfortably bright to the eye. Adjust the
b of the bath so that the sample-aniline mixture cools at a rate of 0,5 °C/min to 1,0 °C/min and note the

appearancg of the film and lamp-filament. Record as the aniline point the temperature, to the neargst 0,1 °C, at

which a se

causing a h

NOTE 12 A
temperature
cloudy or ha
the aniline p,

NOTE 13 H

operational

tond phase appears;-as’ evidenced by the reappearance of the opalescent condition of the film (usually
alo to appear arognd the lamp filament) or by a sudden dimming of the lamp filament, or bath.

t temperatures@bove the aniline point, the edge of the lamp filament appears clear and distinct. At the aniline point
a halo or/haze forms around the filament, replacing the distinct lines of the filament edge with lines which appear
zy. Furtherdarkening of the cloud over the filament occurs at lower temperatures, but is not to bg¢ confused with
Dint.

orthose users carrying out the test for the first time, the following procedure may be helpful. Make preliminary
adjustments and tests, using a colourless aniline-sample mixture and observing the changes taking place in the

body of the liquid and film. Carry out rough tests with dark oils to become familiar with the appearance of the film and light
source as the mixture passes from the clear state above the aniline point to the opalescent state below. If the sample is such
that there is difficulty in observing the exact point of the phase change, carry out experiments with the sample, using various

intensities o

f light and paying particular attention to the appearance of the light in the immediate vicinity of the lamp filament.

B.2.3 Repeat the observation of the aniline point temperature by heating and cooling repeatedly until a report as
specified in 9.1 can be made.
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Annex C
(normative)

Method 3

C.1 Apparatus

©1SO

C.1.1 Aniline point tube, of heat-resistant glass of the shape and dimensions shown in figure C.1, and fitted
internally with a thin-walled glass thermometer tube, sealed at the lower end. The latter tube shall accommodate a

tight-fitting st
ring or disc p
of the therma
clamp provid

NOTE 14 An
gland carrying
thermometer b

C.1.2 Guar
with the clam

ed to hold the stopper in position to prevent loss of vapour from the sample.

ulb in the aniline-sample mixture.

p for holding the thermometer tube in place.

m

Y/l Ay

20

?16

]
.

h_ e

|

]

Thin-walled thermometer tube;
—— filled with light transformer oil
to cover thermometer bulb

150

other suitable arrangement that will prevent the loss of vapour from the apparatus) such as a thr
the thermometer, may be used. In such cases, it may be possible to omit the thermometer tube and

Dimensions

bpper of cork or other suitable material, carrying the thermometer, the bulb of which shallrelst on a cork
laced at the bottom of the tube. The tube shall contain sufficient light transformer oil to’co
meter. The inner tube shall be held in the top of the aniline point tube by a tightly fitting stqpper, and a

ver the bulb

paded plastic
immerse the

d, of stout metal gauze and surrounding the aniline point tube;The preferred design shall ge combined

In millimetres

10

50

wn

we
/— Thermometer
1 wai thickness 2 to 2,6
le————Aniline point tube
| Cork ring
| [

@22

Figure C.1 — Aniline point apparatus for volatile samples
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C.2 Procedure

C.2.1 Clean and dry the apparatus. Pipette 5 ml of aniline and 5 ml of the dried sample, both cooled to a
temperature at which the sample may be measured without loss of vapour. Close the aniline tube by means of the
stopper and fit the thermometer tube centrally so that the bottom is 5 mm from the bottom of the aniline point tube.
Clamp the stopper in position and attach the guard.

C.2.2 Follow the procedure described in A.2.2 and A.2.3, but mix the sample and aniline by shaking the tube. If
the rate of change of temperature is greater than 1 °C/min when the aniline point is being approached, place the
tube in a jacket that has previously been warmed or cooled to an appropriate temperature.

c.23 Rest:eat the observation of the aniline point by heating and cooling repeatedly until a report\als specified in
9.1 can be made.

11
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Annex D
(normative)

Method 4

D.1 Apparatus

©|SO

D.1.1 Bulb, of 1,5 ml to 2,0 ml capacity, blown from heat-resistant glass tubing 5 mm in external diameter and
3 mm in internal diameter.

D.1.2 Gua

D.2 Proc

D.2.1 Dry

means of the

rapidly draw

D.2.2 Attag
Attach the nmesh guard (D.1.2) and follow the procedure described in A.2.3, but mix the aniline ang

shaking.

D.2.3 Repg¢at the observation of the aniline point temperature by heating and cooling repeatedly unti
specified in ¢

12

d, as specified in C.1.2.

bdure

fhe bulb thoroughly in an oven at 105 °C £ 5 °C, allow it to cool to room temperature, and
pipettes (see 6.4) with 0,5 ml of aniline and 0,5 ml of dried sample. Cool the mixture tho
but and seal the open end of the bulb at approximately 10 mm;from the centre of the bulb.

h the bulb to the thermometer by rubber bands so that the bulb is adjacent to the therm

.1 can be made.

charge it by
oughly, and

bmeter bulb.
sample by

a report as
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Annex E
(normative)

Method 5

E.1 General

Automated or automatic aniline point apparatus are commercially available, and have been found to give results that
generally conform to the requirements of this International Standard. The user shall ensure that all instructions from

the manuffmmmmmmmmmmmpparatus. Some
apparati ar¢ not suitable for all product types covered by this International Standard, and in all cases ‘of dispute, only

manual or gutomated methods shall be used.

E.2 Apparatus

Automated|or automatic apparatus shaii have a device for the detection of the éhange in sample turbidity, a means
of heating the sample/aniline mixture and a thermometer or temperature serisor conforming to the measurement
sensitivity gnd accuracy described in annex F.

E.3 Protedure

Prepare th¢ apparatus in accordance with the manufacturer's instructions and ensure that it is clean and dry. Carry
out the determinations in accordance with the instructions provided with the apparatus, using the tgtal volume of
aniline, samiple (and heptane) dictated by the apparatus, in the ratio given in A.2.1 or 8.2 as applicable. The results
of three deferminations shall conform to the requirements of 9.1.

E.4 Corrections

E.4.1 Th¢ actual temperature recorded by the automated or automatic apparatus may not be the ahiline point as
defined by|this International Standard. When this fact is known or suspected, correct the aniline ppint using the
following equation:

X, - A
B

Xca =1

where

X is The corrected aniline point, In degrees Celsius;
X, is the recorded aniline point, in degrees Celsius;
A is atemperature correction, in degrees Celsius;

B is a constant.
A and B are both determined for each apparatus as described in E.4.2.

NOTE 15 It has been established by co-operative tests that observed aniline points determined by some automated or
automatic apparatus are lower than determinations by method 1 or method 2. The difference is greater for automated or
automatic apparatus when relatively high sample cooling rates are used, and increases as the aniline point increases.

13
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E.4.2 Determine the aniline point by either method 1 or method 2 and also using the automated or automatic
apparatus for three or more samples with aniline points in each of the ranges 43 °C to 50 °C, 60 °C to 65 °C and
75 °C to 80 °C. Calculate A and B by the least squares method by simultaneous solution of the following equations:
2(X,) = NA + BE(X.)
Z(XaXc) = AX(X,) + BE(X2)
where

2(X,) is the sum of all aniline point data obtained with the automated apparatus;

2(Xc) is the sum of all aniline point data obtained by either method 1 or method 2;

2(X2) | is the sum of the squares of all aniline point data obtained by either method 1 or method 2

2(X,X;) | is the sum of the products of the aniline point obtained by either method 1 or method 2 anf the aniline
point obtained with the automated apparatus for each sample;

N is the number of samples.

NOTE 16 Coloperative data were obtained from five laboratories for five samples with, aniline points in the range 34 °C to
87 °C. Constahts A and B were calculated for the combined data as 0,79 and 0,991 respectively. Although a minimum number
of nine sampl£s is specified in this method, constants A and B in the preceding equation can be obtained with slightly greater
precision if a larger number of samples is used.

14
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