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Foreword

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

electrote

chnical standardization.
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Introduction

This document describes the determination of pour point by automated instruments that mirrors
[SO 3016 (which comprises a manual procedure only). This document is based on the techniques used
in the instruments available on the market in 2021.

This test method does not contain any precision at this stage. As this is a newly described technique,
no immediate precision or interim repeatability can be given either. At the time of publication,
an interlaboratory study was ongoing, the results of which will be taken into account in future
sfandardization activities.
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TECHNICAL SPECIFICATION ISO/TS 23877-1:2023(E)

Petroleum and related products from natural or synthetic

sources — Determination of pour point —

Part 1:

e
with its use. It is the responsibility of the users of this document to take appropriate m

determine the applicability of any other restrictions.

[y

Scope

t¢chnique.

separate procedure suitable for the determination of thedower pour point of fuel oils, heavy
hse stock, and products containing residual fuel components is also described.

pst results from this method are determined-in3 °C testing intervals.

DTE Some equipment can also generate-results at 1 °C testing intervals, which is an acceptable a

Al
b
The procedure described in this document is not suitable for crude oils.
Ti
N
procedure, but for which precision and bias have not been determined.

2| Normative references

uhdated references, the latest edition of the referenced document (including any amendments]}
190 3170, Petroletimliquids — Manual sampling
[0 3171, Petroleum liquids — Automatic pipeline sampling

I§0 17034,"General requirements for the competence of reference material producers

3L _Terms and definitions

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

ARNING — The use of this document can involve hazardous materials, operatipns and
quipment. This document does not purport to address all of the safety problems associated

easures

t¢ ensure the safety and health of personnel prior to the application of this 'documenf, and to

This document specifies a method for determining the pour point\ofpetroleum products by means of
afitomated equipment, in which movement of the test specimen-is detected using a step-wisg cooling

ubricant

ternative

The following documents are'referred to in the text in such a way that some or all of their content
constitutes requirements_of this document. For dated references, only the edition cited applies. For

applies.

[SO and IEC maintain terminology databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

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

31
pour point

lowest temperature at which a sample of petroleum product will continue to flow when it is cooled

under specified standard conditions

© IS0 2023 - All rights reserved
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3.2

no-flow point

temperature of the test specimen at which a wax crystal structure or viscosity increase, or both,
impeding movement of the surface of the test specimen under specified standard conditions

4 Principle

After preliminary heating, the sample is cooled at a specified rate and examined at intervals of 3 °C for
flow characteristics. The lowest temperature at which movement ("pour” or "flow") of the sample is
detected] by the automated equipment, is recorded as the pour point.

5 Reagents and materials

5.1 Certified reference materials (CRM), from suppliers in accordance with ISO 17034.

6 Apparatus

6.1 Tept jar, cylindrical, of clear glass, flat-bottomed, 33,2 mm to 34,8 mm outside diameter ard
110 mm fo 125 mm in height. The test jar shall have an inside diameter 0£30,0 mm to 32,4 mm, with the
constraint that the wall thickness be no greater than 1,6 mm.

—

The jar shall be marked with a line to indicate a contents level, corrésponding to a volume of 45 ml + 1 1y

6.2 Sample temperature probe, cylindrical, vertical in the test jar and plunged in the sample, depth
and location specified by the manufacturer of the testing.device (see also References [3] and [4]).

A therm¢meter with digital display (e.g. PT100) shall be used for measuring the sample temperature
with a rdsolution of at least 0,1 °C and an accuracy of at least 0,5 °C (see Figure 1).

NOTE The exact location of the probe dependson the equipment design manufacturer.

6.3 Anti-moisture device, to close the testjar and bath, preventing the introduction of any moistur

@

6.4 Jagket (test jar container), watertight, cylindrical metal, flat-bottomed, dimensions as per the
manufacfurer of the testing device. It shall be supported in a vertical position in the cooling devige
(6.7), andl shall be capable ofbeing cleaned.

6.5 Disc (optional;depending on the design of the equipment), made of any insulating materipl
(for exarhple cork otfelt) approximately 6 mm in thickness, to fit loosely inside the jacket to maintajn
the test jar and avoid any direct contact with the jacket.

aisket'(optional, depending on the design of the equipment), ring form, approximately 5 mm

7 CU Cl y O O Cl O

This gasket can be made of rubber, leather or other suitable material, elastic enough to cling to the test
jar and hard enough to hold its shape. The purpose of the gasket is to prevent the test jar from touching
the jacket.

6.7 Cooling device, cooling bath or device with a firm support to hold the jacket vertical, capable of
maintaining the temperature of the jacket as required in Table 1.

6.8 Automated detection device, detection system able to detect movement of the sample by means
of optics (optical reflection), charged-coupled device (CCD) camera, temperature change (thermal
sense) or ultrasonics (sensor), as specified in Annex A.

2 © IS0 2023 - All rights reserved
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6.9 Timing device, capable of measuring up to 30 s with an accuracy of 0,2 s.

Dimensions in millimetres
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1| anti-moisture device (6.3) 5 testjar (6.1)
2| sample temperature probe (6.2) 6  gasket (optional) (6.6)
3| sample filling mark (6.1) 7  disc (optional (6.5)
4| jacket (6.4)

Figure 1 — Apparatus for pour point test

7| Sampling
Unless otherwise specified in the commodity specification, samples shall be taken as des¢ribed in
[40 3170 eSO 3171.
8 cPreparation of apparatus

8.1 Prepare the instrument for operation in accordance with the manufacturer’s instructions.

8.2 C(Clean and dry the automated detection device and test jar using suitable solvents as instructed
by the manufacturer.

8.3 Turn on the main power switch of the automated instrument.

©1S0 2023 - All rights reserved 3
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9 (alibration

9.1 Ensure that all of the manufacturer’s instructions for calibrating, checking and operating the
automated apparatus are followed.

9.2 Check the position of the temperature sensor and glass jar according to the manufacturer’s
instructions and, when necessary, make appropriate adjustments.

10 Verjfication of the performance of the apparatus

The correct functioning and performance of the automated apparatus should be verified preferably at
least twige a year and, where possible, using certified reference materials (5.1)

The apppratus should also be checked more frequently (e.g. weekly) using an in-hofise secondafy
reference¢ material with a known pour point value, or using an SQC sample (intralabgratory or intrg-
companyf) according to ISO 4259-4.

Deviatiohs outside established statistical quality control limits should be investigated and be resolvef.
The marfufacturer's instruction manual should provide guidance on ensuring that the equipment jis
correctly set up and calibrated.

11 Prokcedure

11.1 Pofir the sample into the test jar (6.1) to the level mark.qIfhecessary, heat the sample until it is jupt
sufficiently fluid to pour into the test jar.

If it is nefessary to heat the sample to a temperature greater than 45 °C to transfer to the test jar, kedp
the sample in the test jar at room temperature for 24:H before testing it. When it is known that a sampje
has beer] heated to a temperature higher than 45 °C during the preceding 24 h, or when the thermpl
history df the sample is not known, the sample shall be kept at room temperature for 24 h before testing
it.

11.2 Subject the sample in the test jar (6.1) to a preliminary treatment, appropriate to its pour point,
in accordance with 11.3 or 11.4, oryuse'the instrument’s automatic preheat option and insert the test jar
into the gpparatus as per manufacfurer’s instructions (also see 11.6).

11.3 Samples having pourpaeints above -33 °C shall be treated as follows.

Heat the[sample without/stirring to 9 °C above the expected pour point in the bath maintained at 12 {C
above th expected'pour point, or to 45 °C in a bath maintained at 48 °C, whichever is greater.

11.4 Samplesthaving pour points of =33 °C and below shall be treated as follows.

Heat thelsample without stirring to 45 °C in the bath maintained at 48 °C + 1,5 °C

11.5 If the automatic preheat option has not been used, install the test jar into the jacket of the
apparatus following the instructions of the manufacturer.

11.6 Check that the test jar does not touch the jacket (6.4), as per the manufacturer’s instructions.
Gasket (6.6) and disk (6.5) may optionally be used.

11.7 Select the test interval of 3 °C.

11.8 Enter the expected pour point (EP). If the EP is unknown, enter the room temperature. The EP
shall be a multiple of 3 °C.

4 © IS0 2023 - All rights reserved
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11.9 For stepped cooling profiles, the temperature of the cooling/heating device shall be regulated in
accordance with the programmed temperature settings obtained from Table 1. The instrument shall
automatically change the block temperature in accordance with the sample temperature (see Table 1).
Continue to lower (change) the temperature of the cooling/heating device to the next temperature step
until detection of pour point. A maximum of 200 s is allowed to change the jacket temperature between
each step.

NOTE This temperature is recorded by the sample temperature probe (6.2) and stored by the instrument.

Table 1 — Bath and cnmplp temperature ranges
Bath Bath temperature setting Sample temperature range
°C °C
1 12 above expected pour point, or 48 + 1,5, Preheat to at least 45 or 9“above exjpected
whichever is greater pour point, whighever is grea)ﬂer

2 24 +1,5 Start'to 27

3 0+£1,5 27109

4 -18+1,5 9to -6

5 -33+£15 -6 to -24

6 -51+15 -24 to -42

7 -69£1,5 -42 to -60

1[1.10Start the test in accordance with the manufacturer’sinstructions.

1[1.11 At this point the instrument shall monitor thé¢’test specimen for flow by means of the automatic
detection device (6.8). The instrument shall starttilting the test specimen when the temperatyre of the
tdst specimen is at 9 °C above EP. If movement of the test specimen is detected the specimen is feturned
tq a vertical position.

[uy

1.12The test will continue in this manner until a temperature is reached where the detector is
bt detecting any movement (no-flow point) in the test specimen when the test jar is in a fomplete
pbrizontal position for at least 5.s.

=S

Jury

1.131f the instrument detects the no-flow point on the first tilting cycle (EP+9 °C), disregard the result
nd start with using a higher expected pour point.

job)

[uy

1.14 For fuel oils;heavy lubricant base stock and products containing residual fuel componlents, the
¢sult obtained by the procedure given in 11.1 to 11.13 is the upper (maximum) pour point. If fequired,
determine thelower (minimum) pour point by heating the sample while stirring to 105 °C, pouring it
to the jaf, and determining the pour point as given in 11.2 to 11.13.

—

p—
=

12CExpression of results

When 3 °C testing interval is selected, add 3 °C to the temperature recorded in 11.12 and 11.14 and
report this as the pour point. For fuel oils, heavy lubricant base stock and products containing residual
fuel components (see 11.14), add 3 °C to the temperature recorded in 11.12 and 11.14 and report this as
the upper pour point or lower pour point, as required.

When an alternative testing interval is selected, for example 1 °C, proceed as above but add 1 °C to the
temperature recorded instead of 3 °C. For ISO 3016, similar format determinations, an interval of 3 °C
is required in any case.

© IS0 2023 - All rights reserved 5


https://standardsiso.com/api/?name=375f70155e49418f6274527305fdf3c7

ISO/TS 23877-1:2023(E)

13 Precision

The precision for lubricating oils, as determined by statistical examination in accordance with
[SO 4259-1, is under development.

The precision for middle distillate and residual fuels, as determined by statistical examination in
accordance with ISO 4259-1, is under development.

14 Testreport

The test

a)
b)
‘)
d)
€)
f)
g)

sufficient details for complete identification of the product tested;

a ref
used
the 1
any

the ¢

report if an alternative testing interval than 3 °C was used.

Feport shall contain at least the following information:

erence to this document, i.e. ISO/TS 23877-1:2023;

method of sampling (see Clause 7);

esult of the test (see Clause 12);

Heviation, by agreement or otherwise, from the procedures specified;

ate of the test;

© IS0 2023 - All rights reserved
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Annex A
(normative)

Detection principles

A1 Optics (optical reflection)

The test jar starts in a vertical position as in Figure A.1, a). The test jar is mechanically-manipulated
agcording to the programmed test procedure, while optically observing the surface\of the §pecimen
fqr movement, by means of a light emitter (L) and light receiver (R) and recording the temperature
of the specimen by means of a PT-100 probe [see Figure A.1, b)]. If the test specimen is I?C;Eid after
tifting, it is moved back to the vertical position for further cooling. If no moyement is detectpd in the
horizontal stage [Figure A.1, c)], the specimen is considered to be solid,and the temperatuge at this
ppint is recorded.

L R R L
-z: L
R
a) Vertical position b).Titled position c) Horizontal positjon
Kpy
L| light emitter R light receiver

Figure A.1 — Detection using optics (optical reflection)

.2 Charged-coupled device (CCD) camera

Afcording to the-programmed test procedure, the test jar (4) is lifted out of the bath jacket and tilted

echanically {see’Figure A.2 a)]. During this procedure, a CCD camera (1) system mounted on top of the
tgst jar (4) optically observes the surface of the sample (5) for movement [see Figure A.2 b)]. The test jar
if tilted in\different angles [see Figure A.2 b), column A] after it is lifted out of the bath jackef. During
this procedure, the five LED (2) mounted in the test head are activated, and the small light reflections
coming'from the surface of the sample are monitored by the camera for movement: flow [Figure A.2 b),
calumn B] and no flow [Figure A 2 b), column C]

©1S0 2023 - All rights reserved 7
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a) Test jar with test head b).CCD camera images
Key
A anglg 2 LED
B flow 3 jarholder
C noflpw 4-5>testjar
1  CCDamera 5 sample

Figure A.2 —.Detection using a CCD Camera

Then the temperature of the specimen is recorded by means of a PT-100 probe. If no movement fis
detected|when the specimen is in & fully horizontal position [Figure A.2 b), column A], the temperatuye
at this pg¢int is recorded.

A.3 Temperature change (thermal sense)

The test| jar is mechanically manipulated according to the programmed test procedure, while the
surface ¢f the spécimen is observed for movement, using two PT-100 probes [pour point sensors, s¢e
Figure A|3, a) and™b)] on top of the specimen (just touching the sample) in the test jar and recording the
temperaturé.of the specimen by means of another PT-100 probe [see Figure A.3, a) and b)].

When the Specimen 15 In a fully horizontal position and there 1s No temperature change sensed by the
two PT-100 probes (pour point sensors), it means no movement is detected. The temperature at this
point is recorded.

8 © IS0 2023 - All rights reserved
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