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Crude

petroleum and liquid petroleum products —

Laboratory determination of density — Hydrometer method

WARNING|— The use of this International Standard may involve hazardous materials;, o
equipment. This International Standard does not purport to address all of the safety proble
with its uge. It is the responsibility of the user of this standard to establish appropriate safet
practices and determine the applicability of regulatory limitations prior to use.

1 Scope
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This Intern
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(see 11.2).
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2 Norm

ative references

The following normative documents contain provisions which, through reference in this text, constitute
provisions of this International Standard. For dated references, subsequent amendments to, or revisions of,
any of these publications do not apply. However, parties to agreements based on this International Standard
are encouraged to investigate the possibility of applying the most recent editions of the normative documents
indicated below. For undated references, the latest edition of the normative document referred to applies.
Members of IEC and ISO maintain registers of currently valid International Standards.

ISO 91-1:1992, Petroleum measurement tables — Part 1: Tables based on reference temperatures of 15 °C and

60 °F.

ISO 649-1:1981, Laboratory glassware — Density hydrometers for general purposes — Part 1: Specification.
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ISO 3170:1988, Petroleum liquids — Manual sampling.

ISO 3171:1988, Petroleum liquids — Automatic pipeline sampling.

3 Definitions

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

3.1

density
mass per unit volume expressed in either kilograms per cubic metre or grams per millilitre Aat| 15 °C and
101,325 kPa

3.2

cloud point
temperature [at which a cloud of wax crystals first appears in a liquid when it _is ‘cooled under specified
conditions

3.3
wax appearapce temperature
WAT
temperature [at which waxy solids form when petroleum or petroleum products are cooled under specified
conditions

3.4

pour point
lowest tempegrature at which a sample of petroleum or\petroleum product will continue to flow|when it is
cooled underf specified conditions

4 Principle

The sample i brought to a specified temperature and a test portion transferred to a hydrometer cylinder that
has been brqught to approximately the_same temperature. The appropriate hydrometer, whose tgmperature
has also been regulated, is lowered into the test portion and allowed to settle. After temperature gquilibrium
has been redqched, the hydrometer_scale is read, the temperature of the test portion taken and th¢ observed
hydrometer feading reduced-to15 °C using standard measurement tables. If necessary, the Hydrometer
cylinder and fits contents aré “\placed in a constant temperature bath to avoid excessive temperature variation
during the test.

5 Apparafus

5.1 Hydrometer cylinder, of clear glass, plastics material, or metal, with an inside diameter at lehst 25 mm
greater than the outside diameter of the hydrometer (5.2) and a height such that the hydrometer floats in the

test portion with at least 256 mm clearance between the bottom of the hydrometer and the bottom of the
cylinder.

Plastics material used for the construction of hydrometer cylinders shall be resistant to discolouration or attack
and shall not affect the properties of the material being tested. In addition, they shall not become opaque
under prolonged exposure to light.

NOTE — For convenience in pouring, the hydrometer cylinder may have a lip on the rim.

5.2 Hydrometers, of glass, graduated in units of density, conforming to ISO 649-1 and the requirements given
in table 1. (See also annex A.)
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Table 1 — Requirements for hydrometers
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Unit Density range Each Scale interval Maximum Meniscus
unit scale error correction
kg/m® 600 to 1100 20 0,2 +0,2 +0,3
at 15 °C 600 to 1100 50 0,5 +0,3 +0,7
600 to 1100 50 1,0 +0,6 +1,4
g/ml 0,600 to 1,100 0,02 0,000 2 + 0,000 2 + 0,000 3
at 15 °C 0,600 to 1,100 0,05 0,0005 +0,000 3 + 0,000 7
0,600 to 1,100 0,05 0,0010 + 0,000 6 + 0,001 4

5.3 Constpnt temperature bath, if required, of dimensions such that it can accommodate“the hydrometer

cylinder w|

th the test portion fully immersed below the surface of the bath liquid and a.tempenature control

system capable of maintaining the bath at the test temperature = 0,25 °C, throughout the duration|of the test.

5.4 Thermpometer, having a range, graduation intervals and maximum permitted scale error|as shown in

table 2.

NOTES
1 Thermon

2 Resistan
the uncerta

5.5 Glass

6 Sampling

Samples s

Table 2 — Requirements for thermometers

Range Graduation interval Maximum scale error
°C
—1to 38 0,1 +0,1
—-20to 102 0,2 +0,15

neters IP 39C and IP 64C/ASTM 12C are,suitable.

or plastics stirring rod,-optional, approximately 450 mm in length.

hall bertaken in accordance with ISO 3170, ISO 3171, or an equivalent National Standard.

e thermometers may be usedsprovided that the total uncertainty of the calibrated system is npt greater than
nty when using liquid-in-glass thermometers.

NOTE — V

frersamptingvotatite tiquids—usimgamautormatic samptingtechmique, umntess—a sampte Teceiver of variable

volume is used to collect the sample and transport it to the laboratory, loss of light components may occur which will

affect the accuracy of the density measurement.

7 Sample preparation

7.1 Sample mixing

The portion of the sample tested shall be as representative as possible of the bulk sample, and sample mixing
may be necessary. However, precautions shall be taken to maintain the integrity of the sample during this

operation.
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The mixing of volatile crude oils and petroleum products containing sediments and/or water, or the heating of
waxy volatile crude oils or petroleum products may result in the loss of light components. Guidance as to how
to treat the different materials and to minimize such light component loss is given in 7.1.1 to 7.1.4.

7.1.1 Volatile crude oils and petroleum products having a RVP greater than 50 kPa

Mix the sample wherever possible in the original container, and in a closed system in order to minimize the
loss of light components.

NOTE — Mixing volatile samples in open containers will lead to loss of light components and will affect the value of the
density obtained.

7.1.2 Waxy ¢rude oils
If the crude qil has a pour point above 10 °C, or a cloud point or WAT (3.3) above 15 °C, warm thel sample to
9 °C above its pour point, or 3 °C above its cloud point or WAT, prior to mixing. Mix-the’ sample wherever
possible in tHe original container, and in a closed system in order to minimize the loss-@flight comppnents.
7.1.3 Waxy distillates

Warm the safnple to 3 °C above its cloud point or WAT prior to mixing.

7.1.4 Residual fuel oils

Heat the samjple to the test temperature prior to mixing (see 7.2.1 and note 2 in 7.2.1).

7.2 Test temperature

7.2.1 Bring the sample to the test temperature which shall be such that the sample is sufficiently flyid, but not
so high as to|cause loss of light components, nor so lew as to result in the presence of wax in the tegt sample.

NOTES
1 The densityldetermined by the hydrometerimethod is most accurate at or near the reference temperature of{15 °C.

2 The hydrometer reading is obtained at.a’temperature appropriate to the physio-chemical characteristics of the material
being tested. This temperature is preferably close to the reference temperature of 15 °C or, when the density is used in
conjunction with bulk oil measureme€nts, close to + 3 °C, or at the bulk oil temperature, to minimize errors due to volume
correction.

7.2.2 For cryde oil, bring'the sample to 15 °C, or 9 °C above its pour point, or 3 °C above its cloud pgint or wax
appearance temperature, whichever is the higher.

NOTE — For prude-oil, an indication of the wax appearance temperature can be found using IP 389 (see [4]|in annex B)

with the moditfication of using 50 pl + 05 1l of sample The precision for determining WAT of crude oils using IP 389 has

not been determined.

8 Verification of apparatus

8.1 Hydrometers shall be regularly verified by comparison with a reference hydrometer traceable to a
National Standard or a traceable density certified reference material (CRM), and where necessary recalibrated
at least every five years.

8.2 Thermometers shall be regularly verified by comparison with a reference thermometer traceable to a
National Standard.
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9 Preparation of apparatus

9.1 Check that the hydrometer scale is correctly located within the hydrometer stem by reference to the
datum mark. If the scale has moved, reject the hydrometer.

9.2 Bring the hydrometer cylinder and hydrometer to approximately the sample temperature (see 7.2.1 and

note 2 in 7.

2.1).

10 Procedure

10.1 Tran
hydrometg
bubbles, a

10.2 Rem
clean filter

10.3 Placq
where the
carry out 1
temperatu

10.4 Stir
thermome
uniform tg

sfer a portion of the sample at test temperature (see 7.2.1 and note 2 in 7.2.9)
r cylinder (5.1) at a stabilized temperature, without splashing, avoiding the entrai
hd reducing to a minimum the evaporation of the lower boiling constituents of volatile

bve any bubbles that have collected on the surface of the sample, by touching them w
paper.

the cylinder containing the sample in a vertical position in a lecation free from air
temperature of the surrounding medium will not change by more-than 2 °C during the
he test. When testing at temperatures differing by more<han + 2 °C from ambient
e bath (5.3) shall be used to avoid excessive temperature ‘changes (see 10.13).

the test portion with the appropriate thermometer (see table 2), or, if using
fer, with a stirring rod (5.5), using a combination~of vertical and rotational motion
mperature and density throughout the cylinder. Record the temperature to the n

Remove the thermometer, and if appropriate the stirring#od, from the hydrometer cylinder.

10.5 Lowgr the appropriate hydrometer (5.2) into‘\the liquid and release it when in a position o

taking carg
when the

equilibriun
meniscus {

10.6 For

10.7 For
liquid and
be kept dr

10.8 Imp4
from the W
that form t

to avoid wetting the stem above.thélevel at which it floats freely. Observe the me

. If the meniscus shape changes, clean the hydrometer stem. Repeat this proced
hape remains constant.

bpaque viscous liquids, alow the hydrometer to settle slowly into the liquid.
ransparent low viscosity liquids, depress the hydrometer approximately two scale divi
release it. Thed4emainder of the stem of the hydrometer, which is above the level of th

, since unneegssary liquid on the stem affects the reading obtained.

rt a slight'spin to the hydrometer on releasing it, to assist in bringing it to rest floatin
alls of the cylinder. Allow sufficient time for the hydrometer to come to rest and for

to the clean
nment of air
materials.

ith a piece of

currents and
time taken to
, a constant-

a resistance
s, to ensure
earest 0,1°C.

equilibrium,
niscus shape

hydrometer is pressed below the point of equilibrium by 1 mm or 2 mm and allowed to return to

ure until the

ions into the

e liquid, shall

y freely away
any bubbles

pcome to the surface (see 10.2). Remove any bubbles from the hydrometer before takirlmg a reading.

10.9 When using a cylinder made from plastics, dissipate any static charge by wiping the outside of the
cylinder with a damp cloth.

NOTE — Static charges often build up when using such cylinders and may prevent the hydrometer from floating freely.

10.10 When the hydrometer has come to rest, floating freely away from the walls of the cylinder, read the
hydrometer scale to the nearest one fifth of a scale division, in accordance with 10.11 or 10.12.

10.11 For transparent liquids, record the hydrometer reading at the point on the hydrometer scale at which
the principal surface of the liquid cuts the scale by placing the eye slightly below the level of the liquid and
slowly raising it until the surface, first seen as a distorted ellipse, appears to become a straight line cutting the
hydrometer scale, (see figure 1).
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10.12 For opaque liquids, record the hydrometer reading at the point on the hydrometer scale to which the
sample rises by observing with the eye slightly above the plane of the surface of the liquid, (see figure 2).

NOTE — When testing completely opaque samples using metal hydrometer cylinders, accurate reading of the
hydrometer can only be assured if the level of the sample is within 5 mm of the top of the cylinder.

Key

Liquid
Horizontal plane surface of liquid
Bottom of|meniscus

Read scalg at this point

Horizontal plane surface ofiguid
Meniscus

OO U WNPRP

Figure|1 — Hydrometer scale reading for Figure 2 — Hydrometer scale reading for
transparent liquids opaque liquids

10.13 Immediately after recording the hydrometer scale reading, carefully lift the hydrometer out of the liquid
and stir the sample vertically with the thermometer. Record the temperature of the test portion to the nearest
0,1 °C. If this temperature differs from the reading taken at the start of the test by more than 0,5 °C, repeat the
hydrometer observations, and then the thermometer observations, until the temperature becomes stable
within = 0,5 °C. If a stable temperature cannot be obtained, place the hydrometer cylinder and its contents in a
constant temperature bath and repeat the procedure from 10.3.

10.14 If the test temperature is greater than 38 °C, allow all hydrometers, of the lead shot in wax type, to drain
and cool in a vertical position.
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11.1 Apply any thermometer correction to the temperature reading observed in 10.13 and record the
temperature to the nearest 0,1 °C.

11.2 For opaque liquids, apply the relevant meniscus correction, as given in table 1, to the observed
hydrometer reading (see 10.12), since hydrometers are calibrated to be read at the principal surface of the

liquid.

NOTE — The correction for the particular hydrometer in use is determined by observing the maximum height above the
principal surface of the liquid to which oil rises on the hydrometer scale when the hydrometer in question is immersed in a

transparent
see table 1.

11.3 Appl
0,1 kg/m3 {

11.4 ConV
or 53D, de

a) cry

b) pe

c) luk

The standard procedure for the conversion is to use theicomputer implementation procedures

Petroleum
readings s
sheets giv|
hydrometg
(see annex

NOTES

1 To convgq

2 To convg

If the hydr
annex A.

| ‘ o ‘ | I - | ot

y any hydrometer correction to the observed hydrometer reading and record to
0,0001 g/ml).

scribed in 1ISO 91-1:1992, according to the nature of the material being-tested:
de oils: 53A;
roleum products: 53B;
ricating oils: 53D.

Measurement Tables, Volume X, described~in ISO 91-1:1992. The correction for glas
hall be incorporated into the sub-routiney If the printed tables are used, the errors li
en in ISO 91-1:1992 shall be applied. The printed tables are entered directly with
r reading after applying, if necessary, corrections for meniscus effect and calibration
A).

rt densities in kilograms-péer’cubic metre to densities in grams per millilitre, divide by 103.

rt a hydrometer reading from one unit to another, use either table 3 or table 51 of ISO 91-1:1992

bmeter has béen’calibrated at a temperature other than 15 °C, correct the reading in acg

n this method,

the nearest

ert the corrected hydrometer reading to a density using Petroleum-Measurement Tables 53A, 53B

contained in
5 hydrometer
sted in errata
he observed
temperature

ordance with

12 Expr

pssion of results

Report the

final result to the nearest 0,1 kg/m3 (0,000 1 g/ml) at 15 °C.

13 Precision

13.1 Repeatability

The difference between successive test results, obtained by the same operator with the same apparatus under
constant operating conditions on identical test material, in the normal and correct operation of the test
method, would exceed the values given in table 3 in only one case in 20.
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The differenge between two test results, independently obtained by different operators working
laboratories ¢n nominally identical test material, in the normal and correct operation of the test met

Table 3 — Repeatability

Product Temperature range Units Repeatability
°C
Transparent —2t024,5 kg/m3 0.5
low viscosity g/ml 0,000 5
Opaque -2t024,5 kg/m3 0,6

exceed the values given in table 4 in only one case in 20.

NOTES

1 For viscous|
no precision d

2 The precisi
scale error of
permissible sd
would be exp¢g

14 Test report

The test repoft shall contain at least the following information:

a) thetype

Table 4 — Reproducibility

Product Temperature range Units Reproducibility
°C
Transparent —2t0245 kg/m?3 1,2
low viscosity g/ml 0,001 2
Opaque -2t024,5 kg/m3 1,5

hnd./identification of the material tested;

crude oils and products, or when the temperature of the test lies outside the limits given in 13
hta are available.

bn data given in 13.1 and 13.2 were obtained using specified hydrometers with a maximum
0,6 kg/m3 (0,000 6 g/ml). No.data are available for the use of specified hydrometers with
ale uncertainty of 0,2 kg/m3(10,000 2 g/ml) and 0,3 kg/m3 (0,000 3 g/ml), but an equal or better precision

©1SO

|1.n different

od, would

.1 and 13.2,

permissible
h maximum

b) areferen

Lt
T

|y s L Qo <l <l
o Tmrreriratvrialr otariudarud,

c) the result of the test (see clause 12);

d) any deviation, by agreement or otherwise, from the procedure specified;

e) the date of the test.
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Annex A
(normative)

Corrections to hydrometer readings for soda-lime glass hydrometers
calibrated at temperatures other than 15 °C

If a hydrometer is used which has been calibrated at a temperature other than 15 °C, correct the reading to that
of a hydrometer calibrated at 15 °C using the following equation:

P
1-23x107% (t-15)-2x 1078 (t - 15)°

P15 =

where

pfs  isthe density at 15 °C;

t is the reference temperature, in degrees Celsius, of the hydrometer used;
o is the reading of the hydrometer whose reference temperature is t in degrees Celsjus (i.e. other
than 15 °C).
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