INTERNATIONAL ISO
STANDARD 3838

Second edition
2004-05-01

Crude petroleum and liquid or sol|d
petroleum products — Determination of
density or relative density — Capillary-
stoppered pyknometer and graduated
bicapillary pyknometer methods

Pétrole brut et produits pétroliers liquides ou solides — Détermination
de la masse volumigue ou de la densité — Méthodes du pycnométre a
bouchon capillaire.et du pycnométre bicapillaire gradué

—_— Reference number
=/ N— ISO 3838:2004(E)

—_— © SO 2004


https://standardsiso.com/api/?name=841a433bc429021c82899da0cc1e4318

ISO 3838:2004(E)

PDF disclaimer

This PDF file may contain embedded typefaces. In accordance with Adobe's licensing policy, this file may be printed or viewed but
shall not be edited unless the typefaces which are embedded are licensed to and installed on the computer performing the editing. In
downloading this file, parties accept therein the responsibility of not infringing Adobe's licensing policy. The ISO Central Secretariat
accepts no liability in this area.

Adobe is a trademark of Adobe Systems Incorporated.

Details of the software products used to create this PDF file can be found in the General Info relative to the file; the PDF-creation
parameters were optimized for printing. Every care has been taken to ensure that the file is suitable for use by ISO member bodies. In
the unlikely event that a problem relating to it is found, please inform the Central Secretariat at the address given below.

© 1S0O 2004

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means,
electronic or mechanical, including photocopying and microfilm, without permission in writing from either ISO at the address below or
ISO's member body in the country of the requester.

ISO copyright office

Case postale 56 « CH-1211 Geneva 20

Tel. +412274901 11

Fax +41 22749 09 47

E-mail copyright@iso.org

Web www.iso.org
Published in Switzerland

i © ISO 2004 — All rights reserved


https://standardsiso.com/api/?name=841a433bc429021c82899da0cc1e4318

Contents

o] =NV o
1 8T e o -
2 NOrMative refEreNCEeS ........cccieiieeeeeecee e e e
3 Terms and defiNitioNS .......cooc oo ee s
4 PriNCIPI@ ... e Sy e
4.1 Capillary-stoppered pyKNOMEter........cccccvvivcccccmemienrrsccccseseer e ss s sssne e e s s s s s sns fra Al e e e
4.2 Graduated bicapillary pyknometer ...........ccccoiiceeirirrcecrrrercsee e sme e e Dot e
5 Yo o - - 1 L. v
6 Preparation of pyknometer ......... ... e e
7 Calibration of pyKnometer ... g
71 ConditioNiNg .....occoiiiiiirr il e
7.2 Capillary-stoppered pyknometer..........ccccooiiceiirmrrrinneea G e
7.3 Graduated bicapillary pyknometer...........cocciiiiiiiriiiiie e S
7.4 Other reference temperatures ... A e smnn e e e eammne s
7.5 ReCAliDration ... N e
8 Procedure for capillary-stoppered pyknometers..........cccccovveicccimmmrrennensssccsssceeeeeeessnnns
8.1 o Yo=Y [F] =30 o] gl [T 11T T -3 S SRR
8.2 Procedure for solid or semi-solid Samplesdi.........ccoceriieeeriicccererr e
9 Procedure for graduated bicapillary pyknometers........ccccccoecccciimmrrinninscccccseceeeneees s
10 L0 1] £ o 3 =R
10.1 | SYMDBOIS ..o e B et
10.2 | Reference, calibration and testtemperatures............cccooiriiiriiiiiiiincccrrrrrrrrr
10.3 | Correction for the thermal.expansion of the pyknometer ..........ccccomiiiiiiiiiiiicnnnnnnnee.
10.4 | Calculation of density of @ liquUid.........ccccriiiiiiiinii i ———————
10.5 | Calculation of relative.density of a liquid ..........cccciinriiniinci
10.6 | Calculation of density or relative density of a solid or semi-solid .............cccceeuerrnnee
1 e =T =] Lo o T N
111 Capillary-stoppered pyknometer method.........ccccooeeicciiiiin e
11.2 | Graduated-icapillary pyknometer method.........cccoooeiiiii e
12 LI5S 38 5(=1 o o)

ISO 3838:2004(E)

© 1SO 2004 - All rights reserved


https://standardsiso.com/api/?name=841a433bc429021c82899da0cc1e4318

ISO 3838:2004(E)

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 electrotechnical standardization.

International $tandards are drafted in accordance with the rules given in the ISO/IEC Directives, RPart 2.
The main task of technical committees is to prepare International Standards. Draft International Standards
adopted by the technical committees are circulated to the member bodies for voting>yPublication as an
International $tandard requires approval by at least 75 % of the member bodies casting a vote.

Attention is dfawn to the possibility that some of the elements of this document may be the subject of patent
rights. ISO shill not be held responsible for identifying any or all such patent rights.

ISO 3838 was prepared by Technical Committee ISO/TC 28, Petroleum products and lubricants,
Subcommitte¢ SC 3, Static petroleum measurement.

This second gdition cancels and replaces the first edition (ISO 3838:1983), which has been technically re¢vised.
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INTERNATIONAL STANDARD

ISO 3838:2004(E)

Crude petroleum and liquid or solid petroleum products —
Determination of density or relative density — Capillary-
stoppered pyknometer and graduated bicapillary pyknometer
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for coal tar products, including road tars, creosote and tar pitches, or for mixtures
pum products. This method is not suitable for the determinadtion of the density or relat

boiling point below 40 °C.

y or relative density of all except the more viscous products, and is particularly useful wh
nts of samples are available. The method is-restricted to liquids having Reid vapour
Pa or less according to 1ISO 3007 and having ‘kinematic viscosities less than 50 mm?2/s [}
at the test temperature.

bl precautions are specified for the.determination of the density or relative density of
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This International Standard specifies methods for the determination of the density or rela
petroleum and of petroleum products handled as liquids.

The capillary-stoppered pyknometer method is also for use with sglids and this method

volatile liquids having Reid vapour pressures greater than 60 kPa according to 1SO 3007

The graduated bicapillary pyknometer method is recemmended for the accurate determ
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ISO 3007:1999, Petroleum products and crude petroleum — Determination of vapour pressure — Reid
method

ISO 3507:1999, Laboratory glassware — Pyknometers

ISO 5024:1999, Petroleum liquids and liquefied petroleum gases — Measurement — Standard reference
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3 Terms and definitions

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

3.1
density

mass of the substance divided by its volume

NOTE

explicitly stated, for example kilograms per cubic metre, or grams per millilitre, at ¢ °C.

3.2

When reporting the density, it is necessary for the unit of density used, together with the temperature, to be

apparent malss in air

value obtaing
buoyancy on

3.3
observed de
value require
determined
temperature ¢
glass

3.4

relative denslity

ratio of the m|
substance at
Standard, the
temperature ¢

NOTE WH
refers to table
temperature, th
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Capillgry-stoppered pyknometer

d by weighing in air against standard masses without making correction for the effect
bither the standard masses or the object weighed

nsity

d in order to enter Tables 53A, 53B and 53D, or 59A, 59B and 59D} referred to in I3
vith soda-lime glass apparatus at a test temperature which differs from the calib
f the apparatus, no correction having been made for the thermal expansion or contraction

ass of a volume of a substance at a temperature ¢, tg, the mass of an equal volume of a

other substance is water, i.e. the relative density.is the ratio of the density of the substand
to the density of water at a temperature ¢,.

en reporting the relative density, it is necessary.for the temperatures ¢, and ¢, be explicitly stated. IS
5 for the reduction of relative density to 60/60 °F. If results are required referred to another ref
e determination should be carried out atithat temperature.

bf equal volumes\of the sample and of water are compared. Equal volumes are ensured
eing filled salas’to overflow when placed in a bath at the test temperature until equilibr
calculation (Clause 10) includes corrections for thermal expansion of glass and for buoyan

ated bicapillary pyknometer
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air of

water contained in the pyknometer, and a graph is prepared. The liquid sample is drawn into the dried
pyknometer and, after it has reached equilibrium at the test temperature, the liquid levels are noted and the
pyknometer weighed. The apparent mass in air of an equal volume of water is read from the graph and the
density or relative density of the sample is calculated, with corrections being made as in 4.1.

5 Apparatus

5.1

5.1.1

Capillary-stoppered pyknometer, one of the three types shown in Figure 1 (see 8.1.1).

The pyknometers shall conform to the relevant requirements of ISO 3507.

© ISO 2004 — All rights reserved
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The “warden” form [see a) in Figure 1] is recommended for all except viscous or solid products and should
always be used for volatile products. The ground glass cap, or “warden”, greatly reduces expansion and
evaporation losses and this form of pyknometer may be used when the test temperature is lower than that of
the laboratory.

5.1.2 The form of pyknometer shown in b) in Figure 1, known as the Gay-Lussac type, is suitable for non-
volatile liquids except those of high viscosity.

5.1.3 The wide-mouth (Hubbard) form of pyknometer [see c) in Figure 1] is used for very viscous liquids and
solids.

5.1.4 __As the forms of pvknometer shown in b) and ¢) in Figure 1 have no “warden” or expansion chamber,
they gannot be used when the temperature of the test is so far below that of the laboratory asito|cause loss of
sample by expansion through the capillary during weighing.

)

a) b) c)

Figure 1 — Capillary-stoppered pyknometers

5.2 Graduated bicapillary pyknometer, capacity 1 ml to 10 ml, conforming to the dimensions given in
Figure 2 and the characteristics given in Table 1, constructed of borosilicate glass or soda-lime glass,
annealed after manufacture, and having a total mass not exceeding 30 g. Any pyknometer conforming with
the requirements of the Lipkin pyknometer given in ISO 3507 may be used.

© 1SO 2004 - All rights reserved 3
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Table 1 — Characteristics of the graduated bicapillary pyknometer

Nominal capacity, ml 1 2 5 10
Oifeence betvesnsctiacamscty | w0z | w03 | s0s | s
Maximum mass, g 30

Overall height, 4, mm 175+5

Height above scale, B, min., mm 40

Height from bulb to scale, C, min., mm 5

:?n;sgz?cDe‘ Ener;ween centres of vertical 28 + 2

External diameter of tubing, 7, mm 6

Infernal diameter of tubing, G, mm 1+£0,1

Lgngth from_ bottom of bulb to zero 40

grpduation line, A, mm

External diameter of bulb, J, mm 11 14 20 25

4 © ISO 2004 — All rights reserved
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Dimensions in millimetres
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The explanations of symbols A4 to J are given in Table 1.

Figure 2 — Graduated bicapillary pyknometer (Lipkin type)

© 1SO 2004 - All rights reserved 5
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5.3 Constant-temperature water bath, having a depth greater than that of the pyknometer, capable of
being maintained within 0,05 °C (0,1 °F) of the desired temperature.

5.4 Bath thermometer, conforming to the specification 1SO 653/STL/0,1/-5/+25. Other total immersion
thermometers of suitable range and equal or greater accuracy may also be used.

NOTE For the determinations of relative density 60/60 °F, a Fahrenheit thermometer of suitable range graduated at
0,2 °F intervals may be used or the specified Celsius thermometer may be used at 15,56 °C.

5.5 Pyknometer holder (optional), to hold the pyknometer vertically and at the correct depth in the
constant temperature bath. It shall be constructed of any suitable metal that will not corrode in the water bath.

A suitable degign of holder for the graduated bicapillary pyknometers is shown in Figure 3.

Several pyknpmeter holders may be conveniently supported in the water bath by the use of a non=corfodible
rectangular metal bar of sufficient length to lie across the rim of the bath. A series of holes of sufficient
diameter to agcommodate the 6,5 mm rod of the pyknometer holder is drilled in the bar at about 45 mm|apart.
Each rod is sgcured in its hole by locking the bar between the hexagon nut, and the wingednut and wasper.

5.6 Balance, capable of weighing to the nearest 0,1 mg.

6 Preparation of pyknometer

Thoroughly clean the pyknometer and stopper with surfactant cleaning fluid, rinse well with distilled water,
then with a water-soluble volatile solvent such as acetone, and dry. Ensure that all traces of moistufe are
removed, using a current of filtered air if necessary. Cleaning should be carried out in this manner whenever
the pyknometier is to be calibrated or whenever liquid fails.te drain cleanly from the internal walls jof the
pyknometer or the capillary of the stopper. Normally, the pyknometer may be cleaned between determinations
by washing wjth a suitable light petroleum spirit such as 40/60 °C petroleum spirit, followed by vacuum drying.

NOTE If surfactant cleaning fluids do not give adequate cleaning, chromosulfuric acid cleaning solution may beg used.

CAUTION —|Chromosulfuric acid is a health hazard. It is toxic, a recognized carcinogen as it contains
Cr (VI) compounds, highly corrosive and potentially hazardous in contact with organic materials.
When using| chromosulfuric acid cleaning solution, eye protection and protective clothing are
essential. Ngver pipette the cleaning.solution by mouth. After use, do not pour cleaning solution|down
the drain, buf neutralize it with great ‘care owing to the concentrated sulfuric acid present, and dispose
of it in accordance with standard’procedure for toxic laboratory waste (chromium is highly dangerous
to the environment).

7 Calibration of pyknometer

7.1 Conditioning

After drying, allow the pyknometer to reach room temperature. Dissipate any static charge which may have
formed on it and then weigh to the nearest 0,1 mg.

If the balance case is not fitted with an electrostatic eliminator, electrostatic charges may be dissipated by
breathing on the pyknometer, but ensure that the pyknometer has regained constant mass before recording
the mass.

For the greatest accuracy, all the weighings should be made at temperatures within a 5 °C range so as to limit
differences in air density.

6 © ISO 2004 — All rights reserved
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Dimensions in millimetres
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3 wing nut 7 3 holes, ¥ 3 mm

Figure 3 — A suitable design of holder for graduated bicapillary pyknometer
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7.2 Capillary-stoppered pyknometer

7.21 Fill the pyknometer with freshly boiled distilled water, cooled to slightly below the selected reference
temperature, and firmly insert the stopper, taking care to avoid the inclusion of any air bubbles. Immerse the
pyknometer to the neck in the constant-temperature bath and maintain it at (15,00 + 0,05) °C,
(20,00 £ 0,05) °C or (60,0 + 0,1) °F as appropriate, for not less than 1 h.

7.2.2 When the pyknometer and its contents have reached the bath temperature, wipe the top of the
stopper so that it is dry and the meniscus of the water in the capillary is flush with the top of the stopper. Care
is necessary during this operation, since capillary action of the cloth can draw material out of the stopper.

Place the “wa

rden” firmly on the stopper (if the pyknometer is of this type).

7.2.3 Remg
contents to a

7.2.4 Dry the exterior surface of the pyknometer by wiping with a clean, lint-free cloth, dissipate anyj

charge and w

7.25 Theo
equivalent at

7.3 Gradu

7.31 Fillth
of the gradua
pyknometer u
The pyknomg
whole of the |
at (15,00 £ 0,

7.3.2 Remg
may be dippe
come to room

7.3.3 Thed

ve the pyknometer from the bath. If not of the “warden” form, cool the pyknometen)g
femperature slightly below the temperature of the bath.
cigh to the nearest 0,1 mg.

ifference between the apparent masses in air of the filled and empty pyknometer gives the|
he selected reference temperature.

ated bicapillary pyknometer

e pyknometer with sufficient freshly boiled, cooled, distilled.water to obtain readings near t
ed capillaries. Filling is readily achieved by placing the hooked tip in the liquid while keepi

ter then fills by siphoning. Place the pyknometer in*the constant-temperature bath so th
quid in the pyknometer is below the level of the;bath liquid. Maintain the temperature of th

ve the pyknometer from the bath, allow the water on the exterior to drain off. The pykng
d into acetone in a beaker to assist drying and wiped with a clean, dry, lint-free cloth. Allg
temperature, dissipate any static charge, and weigh to the nearest 0,1 mg.

ifference between the apparent masses in air of the filled and empty pyknometer gives the

nd its

static

water

he top
hg the

pright, thus allowing the liquid to be drawn over the-bend in the capillary by capillary attraction.

at the
e bath

05) °C, (20,00 + 0,05) °C or (60,0 + 0,1) °F,.as required. Keep the pyknometer in the bath for
20 min then r¢ad the scale to the nearest small division atythe liquid level in each arm.

meter
w it to

mass

of water contained at the test temperature, corresponding to the sum of the two scale readings. By renoving

successive q

readings, together with the corresponding apparent masses in air, with the water level at different scale

on the gradus
end. Plot the
should lie on
scale reading
line drawn th
imperfect.

hantities of water, repeat the determination so as to obtain a series of at least three p

ted arms. One{paif of readings shall be at the upper end of the scale and another at the
sums of the\seale readings on the two arms against the corresponding masses. The

5. If the_points show a scatter of more than two small scale divisions on either side of a s
oughithe array of points and subsequent tests do not correct this, discard the pyknomg

irs of
points
lower
points

A straightding that gives the mass of water contained by the pyknometer for any combination of

traight
ter as

7.4 Other reference temperatures

If it is desired to determine the relative density referred to water at some temperature other than 60 °F or to
determine density at a temperature other than 15 °C or 20 °C, calibrate the pyknometer at the desired

temperature.

7.5 Recalibration

Recalibrate pyknometers at intervals as dictated by experience.

It is recommended that new pyknometers should be recalibrated after one year, and thereafter at intervals
dependent upon the magnitude of any changes found.

© ISO 2004 — All rights reserved
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8 Procedure for capillary-stoppered pyknometers

8.1

8.1.1

Procedure for liquids

838:2004(E)

Choose an appropriate form and size of pyknometer for the sample to be tested. The 25 ml and 50 ml
sizes are normally the most suitable.

8.1.2 Weigh the clean, dry calibrated pyknometer, if necessary dispersing any electrostatic charge (see 2nd
and 3rd paragraphs of 7.1). Pyknometers of 25 ml or greater capacity should be weighed to the nearest
0,5 mg, and those of smaller capacity to the nearest 0,1 mg.

8.1.3
filling

by immersing the pyknometer up to its neck in the constant-temperature bath (see note and)10.

the py
the su
level

NOTE
tempe
with th

8.14
the te

It is es
air bu

Wipe
the to

8.15
slightl

Filrthe pyknometer with the test sample, it hecessary warming both sample and pyKknon
ind separation of air bubbles. Bring the pyknometer and its contents to the test temperatur

knometer in the bath for 20 min in order to stabilize the temperature and to permit air bub
rface. If after this time the liquid level is still changing, keep the pyknometer._in-the bath
ecomes stable.

For mixtures of products, it is essential to ensure that the test temperature,is the same as thg
ature, unless an approximate value is acceptable and the volumetric composition of the mixture is
B correction coefficients of the components in the mixture.

When the temperature is constant, firmly insert the capillary~stopper, which has also bg
5t temperature, taking care to avoid trapping air bubbles below the stopper.

sential to ensure that no air bubbles are left trapped invthe liquid, and adequate time shall
bbles to rise to the surface before inserting the stopper.

excess liquid from the top of the stopper so that the meniscus of the liquid in the capillar|
b of the stopper. Place the “warden” over the stopper (if the pyknometer is of this type).

y below 7. Cool the pyknometer @nd' contents to room temperature if the test tempera

eter to assist
e 4 (see 10.1)
P.3). Immerse
bles to rise to
intil the liquid

e final reporting
known together

en brought to

be allowed for

y is flush with

Remove the pyknometer from the_bath and, if it is not of the “warden” type, cool to @& temperature

ture is above

ambignt.

8.1.6 | Remove all traces of sample and water from the exterior surface of the pyknometer by|wiping with a
clean | lint-free cloth, disperse any electrostatic charge and weigh to the precision given in 8.1.2.

8.2 |Procedure for solid or semi-solid samples

8.2.1| Weigh the“Clean, dry calibrated pyknometer, which should be of the wide-mouth type [see c) in
Figurg 1], to thenearest 0,5 mg. For bituminous materials, only the wide-mouth type shall be used.

8.2.2 | Introduce a suitable amount of the sample in the form of small pieces, which should be|as regular as
possiklezintorder to reduce the possibility of trapping air bubbles. Alternatively, pour the molteh sample into

the wé rovad

acaratn aunid the inalbiioian Af e i bhihlae

8.2.3

8.24

vicnamatar talein 1 1
OO P yRoOTmCte oy Car T to T v oGt ro STtoTr T o an ouiooreoT

Bring the pyknometer and its contents to room temperature and weigh to the nearest 0,5

Fill the pyknometer with freshly boiled, cooled, distilled water, removing all air bubble

may be used to facilitate the removal of bubbles.

mg.

s. A fine wire

Bring the pyknometer and its contents to the test temperature # by immersing the pyknometer up to its neck in
the constant-temperature bath. Immerse the pyknometer in the bath for 20 min in order to stabilize the
temperature and to permit bubbles to rise to the surface. If after this time the liquid level is still changing, keep
the pyknometer in the bath until the liquid level becomes stable.

© 1SO 2004 - All rights reserved
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8.2.5 When the temperature is constant, firmly insert the capillary stopper, which has also been brought to
the test temperature, taking care to avoid trapping air bubbles below the stopper. Wipe excess water from the
top of the stopper so that the meniscus of the water in the capillary is flush with the top of the stopper.

8.2.6
pyknometer a

8.2.7

nd contents to room temperature if the test temperature is above ambient.

electrostatic charge and weigh to the nearest 0,5 mg.

9 Procedure-for-graduated-bicapilarypyknometers

9.1 Weigh
if necessary.

9.2 Fill the
7.3.1, so that
is lower than
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before filling.
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that, even wi
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10 Calcule

Remove the pyknometer from the bath and cool to a temperature slightly below 7. Cool the

Dry the exterior surface of the pyknometer by wiping with a clean, lint-free cloth, disperse any

he clean, dry, calibrated pyknometer to the nearest 0,1 mg, dissipating any electrostatic ¢
See 2nd and 3rd paragraphs in 7.1.)

pyknometer with the sample at approximately the test temperature by the-method speci
the liquid levels are in the graduated portions of the capillaries (see note)-If the test tempe
the laboratory temperature, low scale readings should be aimed atn;order to minimiz
evaporation during weighing. Bring the pyknometer and contents to.the test temperature
ersion for 20 min in the constant-temperature bath as specified ,in(7.3.1 and obtain readi
| in the two graduated arms. In the case of more viscous samples, no readings shall be
ne for draining has been allowed after any disturbance of the-pyknometer. The 20 min imm
ly sufficient, provided that the pyknometer has not been disturbed during this period.

mixtures of petroleum products and non-petroleum products, it is essential to ensure that t
the same as the final reporting temperature, unless an approximate value is acceptable and the vol
the mixture is known, together with the correction coefficients of the components in the mixture.

b the pyknometer from the bath and allow the‘water on the exterior to drain off. The pyknd
d into acetone in a beaker to assist drying’and wiped with a clean, dry, lint-free cloth. Al
mperature, dissipate any electrostatic charge, and weigh to the nearest 0,1 mg.

carrying out the determination onhighly volatile samples containing appreciable amou
g below 20 °C, or on any sample where there is uncertainty concerning loss which might
ion during the determinatian;ycool the sample and pyknometer to a temperature of 0 °C t
If the dew point is sufficiently high to cause condensation of moisture in the pyknometer

eration, attach a drying tube to the arm of the pyknometer in order to avoid this. With sam
essential to restrict‘the filling of the pyknometer to obtain a low scale reading, thus mini
evaporation. If the)total length of unfilled capillary is over 10 cm, the rate of diffusion is

h highly volatile,compounds such as isopentane, vapour losses during the determinatiq

tions
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10.1 Symbols

The following

I

lg

h

symbols are used in the calculations:

is any reference temperature, e.g. 15 °C, ISO 5024 (see 10.2.1);
is the temperature at which the pyknometer is calibrated by water filling, (see 10.2.2);

is the temperature at which the pyknometer is filled with the liquid under test, (see 10.2.3);

mq is the apparent mass in air, in grams, of the empty pyknometer;

10
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m¢ is the apparent mass in air, in grams, of the pyknometer filled with water at the calibration temperature

m; is the apparent mass in air, in grams, of the pyknometer filled with the liquid under test at the temperature
t

m4 is the apparent mass in air, in grams, of the pyknometer plus solid or semi-solid sample;

my is the apparent mass in air, in grams, of the pyknometer plus sample, filled with water at the temperature
t

C is the correction for air buoyancy, in kilograms per cubic metre (see Table 2) (see 7.1, 3 rd paragraph);

p. g the density of water, in kilograms per cubic metre, at the temperature of calibration 7, (see|Table 3);

ay g the coefficient of cubical expansion of borosilicate glass (see 10.3.2);

ay g the coefficient of cubical expansion of soda-lime glass (see 10.3.3);

py 19 the density of the sample, in kilograms per cubic metre, at the test temperature #;

pr 19 the density of the sample, in kilograms per cubic metre, at any reference temperature ¢,

P15 19 the density of the sample, in kilograms per cubic metre; at'the reference temperature of 1% °C;

Poo i the density of the sample, in kilograms per cubic metre, at the reference temperature of 20 °C;

pt1 i the observed density, in kilograms per cubi¢ metre, at the test temperature # as deternjined in soda-
lime glass apparatus calibrated at the refergnce temperature 7, = 15 °C or 20 °C, i.e. the obgerved density
uhcorrected for glass expansion requiredfor entering the tables referred to in ISO 91.

NOTE These calculations have been based on density, in kilograms per cubic metre but, if it is desired to use density

in grams per millilitre, the result should be divided by 1 000 (see Clause 12).

d; i the relative density at the-test temperature ¢;

d, igthe relative density@tthe reference temperature #,;

dgq i the relative density at the reference temperature of 60 °F;

dt1 i the obseryed relative density at the test temperature % as determined in soda-lime glass apparatus
calibrated. at the reference temperature ¢, = 60 °F, i.e. the observed relative density uncorrected for glass
ekpanhsion required for entering the tables referred to in ISO 91.

10.2 Reference, calibration and test temperatures

10.2.1 The standard reference temperature for international trade in petroleum and its products is 15 °C
(ISO 5024), but other reference temperatures may be required for legal metrology or other special purposes.

10.2.2 The pyknometer may be calibrated at any convenient temperature and this may correspond with the
reference, or test temperatures (see 7.1, 3rd paragraph).

© 1SO 2004 - All rights reserved
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Table 2 — Buoyancy corrections

These correc
101,325 kPa.

See 10.1 for ¢

10.2.3 For g
reference tem

mq —my Correction C mq—mg Correction C

me —mg kg/m3 me = Mo kg/m3
0,60 0,48 0,80 0,24
0,61 0,47 0,81 0,23
0,62 0,46 0,82 0,22
0,63 0,44 0,83 0,20
0,64 0,43 0,84 0,19
0,65 0,42 0,85 0,18
0,66 0,41 0,86 0,17
0,67 0,40 0,87 0,16
0,68 0,38 0,88 0,14
0,69 0,37 0,89 0,13
0,70 0,36 0,90 0,12
0,71 0,35 0,91 0,11
0,72 0,34 0,92 040
0,73 0,32 0,93 0,08
0,74 0,31 0,94 0,07
0,75 0,30 0,95 0,06
0,76 0,29 0,96 0,05
0,77 0,28 0,97 0,04
0,78 0,26 0,98 0,02
0,79 0,25 0,99 0,01

efinitions of symbols.

of a given qu

lions are calculated for standard air of density 1,222 kg/m3 at 15,56 °C and at a pressjure of
They are applicable for air density values between 1,1 kg/m?3 and 1,3 kg/m3.

ualitative purposes, the test temperature is usually chosen to correspond with the refuired
perature. For-quantitative purposes involving the calculation of the mass or apparent mass in air
ntity of ail, the density or relative density should be determined within 3 °C of the temperafure at

which the volyime of.oil is measured by the selected dynamic or static method. However, to minimize the loss

of light fracti

s Afrom very volatile samples, carry out the test at a temperature of 15 °C or below, if th

vapour pressyre_exceeds the following:

T Reid

a) for the capillary-stoppered pyknometer: 10 kPa;

b) for the bicapillary pyknometer: 50 kPa.

10.3 Correction for the thermal expansion of the pyknometer

10.3.1 General

The calculation of density, or of relative density, from measurements made at a temperature ¢ that differs from
the temperature 7, at which the pyknometer was calibrated, involves a correction for cubical expansion of the
glass from which the pyknometer is made.

12

© ISO 2004 — All rights reserved


https://standardsiso.com/api/?name=841a433bc429021c82899da0cc1e4318

ISO 3838:2004(E)

If the calculation is based on the density or relative density correction tables referred to, or given, in ISO 91, a
similar correction may also be required (see 10.3.4).

10.3.2 Pyknometers made of borosilicate glass

10.3.21 The coefficients of cubical expansion of borosilicate glasses are known to depend on the source
of the glass and to fall into three main categories having coefficients of cubical expansion of 10 x 1075,
14 x 1076, and 19 x 106 °C-1 respectively.

NOTE In current production, pyknometers made of borosilicate glass usually have a coefficient of cubical expansion
of 10 x 106 °C1.

10.3.2.2 For determination of the highest accuracy when borosilicate pyknometers are used, therefore
either

a) epsure that# =1, or
b) upe a pyknometer for which the coefficient of cubical expansion is known.

When| the foregoing is not possible and a lower precision is acceptable, the use of 10 % 106°C-1 is
reconmended.

10.3.3 Pyknometers made of soda-lime glass

For pyknometers made of soda-lime glass, the coefficient of cubical expansion may be agsumed to be

(25+P)x 106 °C-1 (ISO 1768:1975, Glass hydrometéfs-— Conventional value for the thermal cubic
expansion coefficient [for use in the preparation of measurement tables for liquids]).

10.3.4 Petroleum measurement tables in 1ISO 91
10.3.4.1 In ISO 91, separate tables are,referred to for crude oils, generalized refined products and
lubricating oils and are designated “A”, “B”;and “D” respectively, e.g. Tables 53A, 53B and 53D, or Tables 59A,
59B apd 59D. The correct table for the‘material being tested shall be used
10.3.4.2 The following tables. referred to, or given, in 1ISO 91 are relevant only for detefminations on

petroleum and petroleum products. The tables shall not be used for non-petroleum products for which it is
alwayp necessary to ensure'that ¢, = ¢, when p, or d, is required.

Table[53  Correctionyof observed density to density at 15 °C
Table[59  Correction of observed density to density at 20 °C

Table[23 , \/Correction of observed relative density to relative density at 60/60 °F

Table!s4——GCerrection-of-velume-te—15-Cagainstdensityat-4+5-C
Table 60  Correction of volume to 20 °C against density at 20 °C
Table 24  Correction of volume to 60 °F against relative density at 60/60 °F.
10.3.4.3 Tables 53, 59 and 23 are entered with densities or relative densities determined in glass
apparatus calibrated at a temperature ¢, in degrees Celsius (Tables 53 and 59) or degrees Fahrenheit

(Table 23).

The tables include a correction for the expansion of the glass apparatus used (assumed to be soda-lime
glass) for which the conventional value of (25 + 2) x 106 °C-" applies (ISO 1768).

© ISO 2004 — Al rights reserved 13
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10.3.44 When entering Table 53, 59 or 23 with the results of determinations made with pyknometers
constructed from borosilicate glass, a correction will be required for the difference between the coefficient of
cubical expansion of the borosilicate glass and the conventional value for soda-lime glass incorporated in the
tables.

10.3.4.5 When the pyknometer used is made of soda-lime glass, no correction is necessary when using
Table 53, 59 or 23 when 7, = 15 °C, 20 °C or 60 °F as appropriate to the table entered.

If . does not correspond to the reference temperature ¢ for which the table used is constructed, an
adjustment is required for the expansion of the pyknometer over the temperature range #; to ¢,.

do not
erence
temperature. Gonsequently, the use of these tables requires a tedious repetitive calculation. This procedure-js)thgrefore
not recommended and is not covered in 10.4 and 10.5.

10.4 Calculpation of density of a liquid

10.4.1 Density at any temperature ¢

10.4.1.1 When ¢, = ¢,

Pt :(_’7(‘t—_m0),0c +

C
M — mo)

10.4.1.2 When #, = 1,

where o' = o or o, as appropriate to the pyknometer used.

10.4.2 Density at reference temperature’s,

10421 Vfhen4=1,=1

pp = =) pe
(I’)lc —mo)

10.4.22  Wher =1, #1, (t, = 15 °C or 20 °C).

The density determined at the test temperature 4 as in 10.4.1.1 is the true density at #. The result obtained
shall therefore be adjusted to give the apparent density at 4 in soda-lime glass apparatus calibrated at ¢,
before entering Table 53 or 59 referred to in ISO 91. This always applies, irrespective of the glass from which
the pyknometer is made, i.e. enter Table 53 or 59 with p! and against ¢ extract py5 or p,q respectively,
interpolating as necessary, where

T e )

(mc - mO)
10.4.23  When 1, =1, = 4 (t, = 15 °C or 20 °C)

a) Pyknometers made of soda-lime glass
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Table 53 or 59 shall be entered directly with p! and against # the corresponding py5 or py, is extracted,
interpolating as necessary, where

t1:(’”t —mO)Pc

+C
(mC‘mO)

P

b) Pyknometers made of borosilicate glass

Table 53 or 59 shall be entered with pt1 adjusted for the differential expansion of the pyknometer glass, and
against #, the corresponding p45 oOr oo is extracted, interpolating as necessary, where

C

-~

Secorjd-order terms, which are not significant, are ignored.

10.4.2.4 When ¢, = ¢, # 1,

The density determined at the test temperature ¢ as in 10.4.1.2 is the true“density at 4. The result obtained
shall fherefore be adjusted to give the apparent density at # in soda-lime glass apparatus calibrated at ¢,
beforg entering Table 53 or 59 referred to in ISO 91. This always apgplies irrespective of the glags from which
the pyknometer is made, i.e. enter Tables 53 or 59 with p! andyagainst 4 extract p5 or p,( respectively,
interpplating as necessary. The expression for p,! may be rearranged as follows, ignoring secor{d-order terms
which|are not significant.

a) Pyknometers made of soda-lime glass

g{ww}[naz (t ~10)]

(mg = mo)

ey

b) Pyknometers made of borosilicate glass

-~

ae=

+ C} [1 A0ty +agty —(aq +ay) tc]
10.4.3.5 When ¢ =t #Gg
Use the expression/in\10.4.1.2.

10.4.3 Rounding-off of calculations

Carry[out all' calculations to five significant figures for values below 1 000,00 or 1,000 00 and to|six significant
figureg for values of 1 000,00 or 1,000 00 and above, depending on which units are used for density or
whether relative density is being determined.

10.5 Calculation of relative density of a liquid

10.5.1 In accordance with the definition, the appropriate values for d;, 4,' and d, can be derived by dividing
the corresponding values for density in 10.4.1 and 10.4.2, by the density of water in the same units at the
required reference temperature (see 10.5.3, note).

10.5.2 When the correction of relative density #/60 °F of petroleum and petroleum products is required to the
reference temperature of 60 °F (see 10.4.2.2, 10.4.2.3 and 10.4.2.4), use Table 23 referred to in 1SO 91-1.
t., ty and ¢, will be in degrees Fahrenheit and the coefficients of cubical expansion «; and a, should be stated
per degree Fahrenheit. For «, the value of 14 x 106 °F~1 may be taken.
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