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Crude petroleum and petroleum products —
Determination of density — Oscillating U-tube method

WARNI

and equipment. This standard does not purport to address all of the safety problems assoc
with itg use. It is the responsibility of the user of this standard to establish appropriate saf
health practices and determine the applicability of regulatory limitations prior to use.

1 Scope

This Intgrnational Standard specifies a method for the
determipation, using an oscillating U-tube density
meter, of the density of crude petroleum and related
products within the range 600 kg/m3 to 1100 kg/m3
which dan be handled as single-phase liquids at the
test tenpperature and pressure.

This International Standard is applicable to-liguids of
any vapour pressure as long as suitable ‘precautions
are takgn to ensure that they remaintin single phase
with nolloss of light ends and subséguent changes in
compogition and density during yboth the sample
handling and the density determination.

NOTE 1| If the determingd-density is to be converted to
a density at some reference temperature using petroleum
measurement tablesthe determination should be carried
out at a temperatureyas close as possible to the reference
temperafure in erdef to minimize uncertainties due to the
use of géneralizéd tables.

G — The use of this International Standard may involve hazardous materials, opeItions

based gn“this International Standard &
to investigate the possibility of applyi

ated
y and

re encouraged
g the most re-

cehtVeditions of the standards inIicated below.

Members of IEC and ISO maintain r
rently valid International Standards.

gisters of cur-

ISO 91-1:1992, Petroleum measurerlent tables —
ti

Part 1: Tables based on reference
16 °C and 60 degrees F.

ISO 91-2:1991, Petroleum measuren
Part 2: Tables based on a reference
20°C.

ISO 3015:1992, Petroleum products —
of cloud point.

ISO 3016:1994, Petroleum products —
of pour point.

ISO 3170:1988,
sampling.

Petroleum  liquids

mperatures of

vent tables —
temperature of

Determination

Determination

—  Manual

This methodtsnotintended-forusemcatibratingorre
line density meters.

2 Normative references

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

SO 31711988, Petroleum liquids —
line sampling.

utomatic pipe-

ISO 3696:1987, Water for analytical laboratory use —
Specification and test methods.

ISO 3838:1983, Crude petroleum and liquid or solid
petroleum products — Determination of density or
relative density — Capillary-stoppered pyknometer
and graduated bicapillary pyknometer methods.
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I[PV 389/93, Determination of wax appearance tem-
perature of middle distillate fuels by differential ther-
mal analysis or differential scanning calorimetry.

IP 1995, Standard methods for analysis and testing
of petroleum and related products, Appendix G Den-
sity of water; Appendix H Density of ambient air.

BIPM? Tables, Density of water and Density of ambi-
ent air, to replace, when published, the corresponding
IP tables.

© |ISO

be minimized by using certified calibration standards of
chemical characteristics and viscosity similar to that of the
sample under test[3].

5 Problems have been experienced with certain density
meters due to condensation gathering on the cell sensors
and electronics when the cell temperature is held below the
dew-point of the ambient air. If there is risk of this occurring,
the surrounding air should be kept dry.

5.2 Circulating constant-temperature bath, if re-
quired (see 9.1.2), capable of maintaining the tem-

3 Definitio

LS

For the purpoges of this International Standard, the

following defin

3.1 density:

tions apply.

Mass of the substance, expressed in

kilograms, divided by its volume, expressed in cubic

metres.

3.2 reference temperature: Temperature at which
the sample density is to be reported.

NOTE 2 This
20 °C.

4 Principle

temperature should be either 15°C or

A small (typicqlly less than 1 ml) portion of the test

sample is intr
sample cell. T
the density of
constants prey
oscillation freq
calibration fluid

5 Apparaty

bduced into a temperature-controlled
he oscillation frequency is noted/~and
the test sample calculated using-cell
iously determined by measuring the
uencies when the cell is_filled with
s of known density.

S

5.1 Density meter, capable, once calibrated, of de-

termining dens
better.

ity with-a‘resolution of + 0,1 kg/m3 or

NOTES

perature of the circulating tiquid 1o withim 10,05 °C
of the required temperature.

5.3 Calibrated temperature sensor, capable of
measuring the temperature of the céll to an gccuracy
of at least + 0,10 °C.

The rate of energy transferacross the cell is Jow and
therefore care should¢be-taken to use sens¢rs with
very fine leads in order to minimize heat transfer in
or out of the cell-along the leads.

5.4 Homogenizer, suitable for the sample and
sample container, and capable of producing hom-
ogeneous subsamples for test (see clause 8]; a high
speed~shear or static mixer, or other type ag appro-
priate.

6 Reagents

Unless otherwise stated, use only reagents df recog-
nized analytical grade.

6.1 Flushing solvent.

NOTE6 Any solvent may be used provided that it
is capable of producing a clean dry cell.

6.2 Ammonium peroxydisulfate, solution|in con-
centrated sulfuric acid, 8 g/l.

WARNING — Ammonium peroxydisulfate is a
strong oxidizing agent.

3 Meters commonly display two forms of digital result,
either a density value or the period of oscillation from which

density can be ¢

alculated.

4 Research has shown that the density meter may show
a bias of up to 1 kg/m3 due to viscosity effects. Users
should ascertain whether a viscosity correction is required
by checking the result using a pyknometer method such as
that given in ISO 3838. Alternatively, viscosity effects can

6.3 Calibration fluids.

A minimum of two calibration fluids are needed to
calibrate the cell. They shall be chosen so that their
densities bracket the density of the sample under
test. The density of the calibration fluids shall be
traceable to recognized national standards or based
on internationally accepted values.

1) Institute of Petroleum, 61 New Cavendish Street, London W1M 8AR, UK.
2) Bureau International des Poids et Mesures, Pavillon de Breteuil, F-92312 Sévres Cedex, France.
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When water and/or air are used, the requirements of
6.3.1 and 6.3.2 shall be met.

6.3.1 Water, conforming to 1SO 3696 grade 2 or
better.

Prior to use, pass the water through a 0,45 um filter,
and remove dissolved air by first boiling and then
cooling. Once de-aired, handle the water carefully so
as to minimize the amount of air redissolved.

Obtain the water density from the table given in Ap-

ISO 12185:1996(E)

receiver (whether it is pressurized or not) could result
in light-end loss from the material being sampled,
thereby affecting the density measurement.

When drawing samples using variable-volume re-
ceivers, the sampling pressure and temperature of
the sample source should be noted on the receiver
label.

It is essential that the portion of the sample to be
tested is representative of the bulk sample, and sam-
ple mixing is sometimes necessary to ensure

-

pendix 5 of IP “Standard methods for analysis and
testing lof petroleum and related products”. On publi-
cation qf the BIPM tables (see clause 2), the values
for dengity of water given therein shall be used.

NOTE 7| The density of water at various temperatures
given in|Appendix G has been prepared by the Institute of
Petroleum, in order to provide a source for the density of
water bgsed on the International Temperature Scale 1990,
whilst the work to produce new water-density tables, based
on new |water data, is carried out by BIPM?2.

6.3.2 Air.

Use the values of the density of air given in
Appendix H of IP “Standard methods for analysis and
testing [of petroleum and related products”. On publi-
cation ¢f the BIPM tables (see clause 2), the values
for density of ambient air given therein shall be wsed.

NOTE 8| The density of ambient air at varigus:tempera-
tures giyen in Appendix H has been prepared. by the Insti-
tute of [Petroleum, in order to provide @ source for the
density f ambient air based on the Intérnational Tempera-
ture Scdle 1990, whilst work to produce new density of
ambient|air tables is carried out by BIPM.

6.4 Water, conforming-to ISO 3696 Grade 3.

7 Sampling

Unless |otherwise specified in a commodity specifi-

Cation camnlacs chall ha takan oo Aaocerihad 4
, =S RpPteS—SHar—oe—aKkeh S—aEeSCHuea

homogenization prior to subsampling.

8 Sample preparation

8.1 General

Samples shall bé\handled in such a manner that:
a) light-end loss is minimized;

b) thetemperature of the sample does not drop be-
low:

1) its cloud point, when determjned in accord-
ance with 1ISO 3015;

2) or its wax appearance temperature (WAT),
when determined in acdordance with
IP 389/93;

3) or 20 °C above its pour point, when deter-
mined in accordance with ISO|3016.

NOTE 9 It should be recognized that Ipss of light ends
during homogenization or heating, rlecessary when
sediment, water or undissolved wax are piiesent in samples
of volatile crude petroleum or petroleu:I?\ products, can
cause errors in the determined density vallie.

8.2 Petroleum products which are free
of water and/or sediments and which are
sufficiently mobile

ISO 3170 or ISO 3171, and/or in accordance with th
requirements of national standards or regulations.

Special care should be taken to prevent any loss of
volatile components from the sample. Wherever
possible samples should be drawn, transported and
stored in the same container.

The sampling of volatile liquids using automatic tech-
nigues is not recommended unless a variable-volume
sample receiver is used to collect and transport the
sample to the laboratory. The use of a fixed-volume

Mix by gentle shaking.

8.3 Crude petroleum and petroleum
products containing water and/or sediments

Mix the sample in the original container, taking all
precautions to minimize light-end loss.

NOTE 10  Mixing volatile crude petroleum and petroleum
products in an open container will lead to loss of light com-
ponents and is therefore not recommended.
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8.4 Waxy crude petroleum

Warm the sample to 3 °C above the WAT or 20 °C
above the pour point of the crude petroleum prior to
mixing in the original container, taking all precautions

to minimize light-end loss.

8.5 Waxy distillates

Warm the sample to 3 °C above the cloud point prior

to mixing.

8.6 Fuel oils|

Heat the sampl

© ISO

(6.4) followed by a water-miscible solvent (6.1) and
blow dry with clean dry air.

10 Apparatus calibration

10.1 Density meters shall be calibrated when first
installed, and whenever the test temperature is
changed or when maintenance has been carried out
or the system disturbed in any other way.

The density-meter calibration shall be verified within

e until it is fluid prior to mixing.

9 Apparatys preparation

9.1 Test temperature

9.1.1 Sample
determined at t

If this is not po

density shall, wherever possible, be
he reference temperature.

5sible, a temperature shall be chosen

which is 3 °C gbove the cloud point or wax appear-
ance temperature or 20 °C above the pour point and

below the tem
sample.

9.1.2
gral thermostat,
the manufactur|

perature at which gas appears in the

If the dgnsity-meter cell is fitted with an inte:

set the cell temperature according'to
br's instructions. Otherwise, connect

it to the constant-temperature bath (5.2). Allow the

temperature to

The manufactu

Stabilize.

rer's specified workihg ‘temperature

and pressure rgnges for the density=meter cell shall

not be exceede

of

When temperature-controlled‘baths are used, ensure

that the circulat

9.2 Cell clea

ng liquiddremains clean.

r-ning

a period of not more than seven days prior 1o use.

10.2 Record the density reading or ogeilfating period
with the clean cell filled with ambient_air. If aif is one
of the calibrating fluids, omit 10,3!

10.3 Introduce the first calibration fluid (6.3) [nto the
cell and allow the cell and-its contents to rea¢h tem-
perature equilibrium. Record the oscillation pgriod or
the density readingiand the temperature of thi cell.

Clean the cell.inaccordance with the procedurg given
in 9.2.

10.4 *Introduce the second calibration fluid ihto the
cellkand allow the cell and its contents to rea¢h tem-
perature equilibrium. Record the oscillation pgriod or
the density reading and the temperature of thI cell.

10.5 Calculate the cell constants in accordange with
the manufacturer's instructions.

10.6 After calibration, clean and dry the cell in ac-
cordance with the procedure given in 9.2.

11 Test procedure

11.1 Check that the density-meter reading when
the cell is filled with ambient air is within + 1| of the
least significant digit compared to the referende value
achieved during calibration (10.2). If it is not, reclean

Clean and dry the cell using the flushing solvent (6.1)
and if necessary water (6.4) followed by a water-
miscible solvent (6.1) and blow dry with clean dry air.

After testing crude oils containing dissolved salts,
clean the cell with water (6.4) after first washing with
the flushing solvent (6.1).

If the cell shows signs of organic deposits, clean the
cell by injecting ammonium peroxydisulfate solution
(6.2) into the cell. After removal of the ammonium
peroxydisulfate solution, flush the cell with water

anddry the cettand Tepeat the check. tfthe reading
still differs recalibrate the density meter.

11.2 Introduce the test portion of the sample into
the cell using a suitable syringe or autosampler, filling
the cell according to the manufacturer's instructions.

When testing waxy distillates or waxy crude oils or
residual fuels oils, warm the syringe or autosampler
to a temperature 3 °C above the cloud point or WAT,
or 20 °C above the pour point of the material being
tested.
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11.3 When using an autosampler, either run sam-
ples in duplicate or introduce check samples, in order
that errors due to bubble formation may be detected
and the system performance monitored.

11.4 Do not apply suction to samples prone to
light-end loss at any stage. Either the sample shall be
poured into the syringe and then injected into the cell,
or the autosampler shall be one which uses vial
pressure to force the sample into the instrument.

ISO 12185:1996(E)

NOTE 12 If samples containing finely suspended water
droplets are left in the cell for a lengthy period, the water
droplets will slowly coalesce and migrate to the cell anti-
nodes, giving an apparent change in density.

11.9 Clean and dry the cell in accordance with the

procedure given in 9.2.
12 Calculation

12.1 If the density meter displays an

oscillation pe-

11.5 When making a manual injection, switch on
the cell iljlumination before injecting, check the cell for
bubbles gnd fill in accordance with the manufacturer's
instructions. If bubbles are detected, empty and refill
the cell ahd recheck for bubbles.

Turn off| the illumination immediately after exam-
ination of the cell, as heat generated by the light af-
fects cellltemperature.

11.6 When the density meter displays a reading
steady tq within 0,1 kg/m3 for density, or to five sig-
nificant figures for the oscillation period, note and re-
cord the |indicated figure and the cell temperature to
the neargst 0,1 °C.

NOTE 11| A consistent drift in the oscillation period or
density rgading normally indicates that the cell has not
reached epuilibrium temperature.

Random \ariations in readings normally indicate-that air or
gas bubbles are present in the cell. In this case, the cell
should be| recharged with a fresh sample. 4f the variations
in reading|are due to bubbles, it may be-n€cessary to con-
duct the fest at a lower temperature to' ensure that the
sample remains in a single phase.

If large water droplets are present in the sample due to in-
efficient mixing prior to samplé introduction, the indicated
density or|oscillating period'will tend to be erratic.

11.7 When measluring the density of viscous lig-
uids, it is| sometimes possible to obtain a stable read-
ing even|when gas or air bubbles are present. With

riod, calculate sample density from the
oscillation period in accordance Muth
turer's instructions.

12.2
perature other than that\at’which it wa

observed cell
the manufac-

If the density is required at a r¢ference tem-

5 determined,

convert the density to)the density at r¢ference tem-

perature using eithep ISO 91-1 for 15 °
for 20 °C, after. making an adjustn
hydrometer correction (see annex A).

NOTE 13%/ ISO 91-1 and ISO 91-2 refer t
IP/ASTMJAPI Petroleum Measurement Tal
Petroleum Measurement Paper Nos. 2 and

13 Expression of results

Express the density to the nearest 0,1
reference temperature.

14 Precision

14.1 Repeatability, r

The difference between two test resulf
the same operator with the same ap
constant operating conditions on iden
terial, in the normal and correct operati
method, would exceed the values given
one case in 20.

C or ISO 91-2
hent for the

he user to the
les and the IP
B.

kg/m3, at the

s obtained by
baratus under
tical test ma-
bn of this test
below only in

) kg/m®

these liguids, g stightoverpressure stat-beapptiedto
the cell once the first density has been read, and the
density redetermined. If the liquid is in single phase,
the shift in density due to the additional pressure will
be minimal. If, on the other hand, gas or air bubbles
are present, a much larger shift in density will be ob-
served as they are compressed. In such cases the cell
shall be emptied and refilled with a fresh sample.

11.8 If the sample contains finely suspended water
droplets, the density shall be observed as soon as
thermal equilibrium has been reached.

Transparent middle distillates: r = 0,
Crude oils and other petroleu
r=04 kg/m3

14.2 Reproducibility, R

m  products:

The difference between two single and independent
results obtained by different operators working in dif-
ferent laboratories on identical test material, in the
normal and correct operation of this test method,
would exceed the values given only in one case in 20.

Transparent middle distillates: R = 0,5 kg/m3
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Crude oils and other petroleum products: c) the sampling procedures used (see clause 7);
R=15 kg/m3
d) the test temperature;
NOTE 14 The precision was developed in accordance
with 1SO 4259. NOTE 15 When the test temperature is significantly
different from the reference temperature, it is rec-

15 Test report ommended that the observed density is also reported.
T T T U A ST, e) the result of the test (see clause 13);
HHIT Lleol TopuUIlL osriall Lutllalll at 1cast Uic 1ulivvvilily nis
formation: f) any deviation, by agreement or otherwise, from
a) a reference to this International Standard the procedure specified;

(ISO 12184:1950); g) the date of the test.

b) the type gnd identification of the product under
test;
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Annex A
(normative)

Hydrometer corrections to observed density

A.1 Background

A.4 Determination by a device other

Correctiofs to observed density are necessary when
measured by methods other than by a soda-lime glass
hydromefer or pyknometer calibrated at 15 °C before
entry irfto IP 200, ASTM D 1250, API 2540,
tables 530, 53B or 53D.

The 1SO P1-1 and I1SO 91-2 standard implementation
procedurgs include an option (switch) to allow for two
types of pensity determination: those made using in-
strumentp with or without soda-lime glass. If parties
mutually pgree to use the printed tables instead of the
standard,| it shall be recognized that these tables are
based on| soda-lime glass instruments. If the printed
tables 53A, 53B and 53D are entered with a density
determingd by any other method, it is necessary to
first apply a correction to the observed value.

If it is agleed to use the printed tables, it is important
to ensurg that these are amended in accordance with
the information provided in the IP document/-Pet-
roleum Mleasurement Paper No. 2.

A.2 Determination by a borosilicate
glass hydrometer or pyknometer

If the dpnsity is determined by a hydrometer or
pyknometer made of hdrosilicate glass, the observed
value shdll be adjusted<{or the difference between the
expansiop charactéristics of the two types of glass as
specified|in 1ISO<3838.

If density is determined by a diffefent t

than-a-glass-hydrometer-erpyknometer

pe of device,

not subject to the expansion of-glass, gn adjustment
shall be made, before entering-the printgd tables 53A,

53B or 53D, cancelling the hydrometer
corporated in the table.

correction in-

A.4.1 The corrections included in tahles 53A, 53B

and 53D wefe made by multiplying
density by the following factor:

10,000 023(r — 15) — 0,000 000 O

where ¢ is the temperature, in degre

To cancel this correction, the observed

multiplied by the reciprocal of this factof.

the observed

D (1 — 15)°
es Celsius.

Hensity is first

A.4.2 Example of correction cancellation applied to

crude oil

Observed density = 875,5 kg/m°
hydrometer)

Observed temperature = 50 °C

To obtain the crude oil density at 15 °C
a) calculate the glass correction factor

b) correct the density by multiplying

dancity hy thoe racinracal of the al
gehsiy—y—tne—recip g

not by glass

asin A4.1;

the observed

hSS correction

A.3 Determination by a glass
hydrometer calibrated at a temperature
different from 15 °C

If density is determined by a glass (soda-lime or
borosilicate) hydrometer or pyknometer calibrated at
a temperature other than 15 °C, the observed value
must be corrected as specified in ISO 3838:1983,
subclause 10.3.4.5.

factor:

875,5 x 1,000 83 = 876,23 (rounded)

c) enter the table with the corrected observed den-

sity at 50 °C and read off/calculate
15 °C.

the density at
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