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INTERNATIONAL STANDARD

ISO

3675-1976 (E)

Crude petroleum and liquid petroleum products —
Laboratory determination of density or relative density —

Hydrometer method

1 SCOlE AND FIELD OF APPLICATION

1.1 This International Standard specifies a method for the
laboratgry determination, using a glass hydrometer, of the
density [or relative density of crude petroleum, petroleum
producty of mixtures of petroleum and non-petroleum
products normally handled as liquids, and having a Reid
vapour pressure of 1,8 bar (180 kPa) or less, determined
accordir|g to 1SO 3007.

Hydromieter readings are obtained at convenient tempera-
tures, rdadings of density being reduced to 15 °C or 20 °C,
and reajings or relative density to 60 °F, by means of inter-
national| standard measurement tables. By means of these
same tables, values determined in each of the two systems
of meastirement are convertible to equivalent values in the
other, sp that measurements may be made in the units of
local copvenience.

1.2 Acgurate determination of the density or relative
density |of petroleum and its products is necessary'for the
conversipn of measured volumes to volumes at the'standard
temperafures of 15 °C, 20 °C or 60 °F and also’ volume to
mass anj vice versa.

1.3 The¢ hydrometer method is most suitable for determin-
ing the [density or relative density.of mobile transparent
liquids, |It can also be used (for—viscous oils by allowing
sufficier|t time for the hydrométer to reach equilibrium, or
for opggue oils by &€mploying a suitable meniscus

correctipn,
NOTE — [in view of the widespread international use of the arbitrary
scale of AP| gravity,ninformation relating to this system is given in
annex A/ but,ityis' expected that the use of API gravity will be
phased oyt in” the'future.

3 DEFINITIONS

For the purposes of this International Standard, the follow-

ing definitions apply.

3.1 density : The mass ofthe liquid divi
at 15°Cor 20 °C.

When reporting results, state the density
and volume, together with the standard r
ture; for example, grams per millilitre at
in 3.2.)

For practical purposes, the weight in vacud
represent the mass.

32
a liquid at 60 °F to the mass of an equa
water at the same temperature, i.e. the ra
of the liquid at 60 °F to the density of

When reporting results,

NOTE — Observed values. Since all hydrometel

state the standard
temperatures, i.e. relative density 60/60 °H.

Hed by its volume

in units of mass
pference tempera-
15 °C. (See note

may be taken to

relative density : The ratio of the mass of a volume of

volume of pure
io of the density
water at 60 °F.

reference

s are calibrated to

read correctly at a specified reference temperature, scale readings

made at another temperature are only hydror
not values of density or relative density at t
ture.

4 PRINCIPLE

The sample and a hydrometer cylinder ar|
a prescribed temperature range and a test
ferred to the cylinder at approximately tf
ture. The appropriate hydrometer is lowg
portion and ailowed to settle.
equilibrium has been reached, the hydrom
and the temperature of the test port

After

heter readings and
hat other tempera-

e brought within
portion is trans-
e same tempera-
red into the test
temperature
eter scale is read,
on is noted. If

2 REFERENCES
ISO/R 91, Petroleum measurement tables.

ISO/R 91 Addendum 1, Petroleum measurement tables
based on a reference temperature of 20 °C.

ISO/R 649, Density hydrometers for general purposes.

ISO/R 650, Relative density 60/60°F hydrometers for
general purposes.

1SO 3007, Petroleum products — Determination of vapour
pressure — Reid method.

necessary, the cylinder and its contents

are placed in a

constant-temperature bath to avoid excessive temperature

variation during the test.

5 APPARATUS

5.1 Hydrometers, of glass and of the general form and

dimensions specified in ISO/R 649
indicating density or relative density at

or I50/R 650,
the appropriate

reference temperature as required, conforming to the

requirements listed in table 1.

NOTE — Smalier hydrometers are widely used for product quality
control; their essential requirements are given in annex B. (See also

note in 5.2.)
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TABLE 1 — Essential requirements for hydromaters (see 5.1}

Range Scale
Basis of Meniscus
scale Set of Each hydrometer Maximum corrections
N Interval .
hydrometers in set uncertainty B

Density at 0,600 to 1,100 0,050 0,000 5 + 0,000 3 + 0,000 7
16°Cor20°C, g/ml 0,600 to 1,100 0,050 0,001 ¢ . +£0,0006 + 0,001 4
Relative density 0,600 to 1,100 0,050 0,000 5 + 0,000 3 + 0,000 7
60/60 °F 0,600 to 1,700 0,050 0,001 + 0,000 6 + 0,001 4
Relative density
60/60 °F 0,650 to 1,100 0,0?0 0,000 5 ; +0,0005 +,0,400 7 ‘

TABLE 2 — Requirements for thermometers

Range

Graduation interval

Maximum scale uncertainty

—20to + 102°C

— 5to+ 215°F

0,2

05

5.2 Thermometers, having ranges, graduaﬁon intervals and
maximum uncerfainties as shown in table 2.

Thermometers ASTM 12C, ASTM 1A2F, IP 64C, IP 64F are
suitable, but [any thermometer conforming to( the
requirements of fable 2 may be used.

NOTE — A hydrometer or a thermometer that is provided with a
calibration certifichte issued by a recognized standardizing body is
classed as ‘‘certifigd’’ and the appropriate corrections listed in the
certificate shall bg applied to the observed: readings. Instruments
that satisfy the rpquirements of this test_method, but are not
provided with a recognized calibration(eertificate, are classed as
“uncertified”’.

5.3 Hydrometef cylinder,~of(clear glass, plastics material,
or of metal for tgsting opague samples (see note 1 following
7.2). Plastics aterials.> used for the construction of
hydrometer cylipdersishall be resistant to discoloration or
attack by oil spmples, shall not become opague under

6~ TEMPERATURE OF TEST

6.1 The determination of density or relative density by the
hydrometer method is most accurate at or mear the
standard temperatures. These or any other temIeratures
between — 18 and + 90 °C (0 and 195 °F), shall bq used, in
so far as they are consistent with the type of sample and
necessary limiting conditions shown in table 3.

6.2 When the hydrometer value is to be used fo select
multipliers for correcting volumes to standard tempera-
tures, i.e. for entering tables 6, 24 or 54 referrpd to in
ISO/R 91, the hydrometer reading should be made
preferably at a temperature within +3°C (=5 °K) of the
temperature at which the bulk volume of the| oil was

prolonged exposure to sunlight and oil samples and shall
not affect the properties of the sample. For convenience in
pouring, the cylinder may have a lip on the rim. The inside
diameter of the cylinder shall be at least 256 mm greater
than the outside diameter of the hydrometer used in it. The
height of the cylinder shall be such that the hydrometer
floats in the sample with at least 25 mm clearance between
the bottom of the hydrometer and the bottom of the
cylinder.

5.4 Constant-temperature bath, for use when the nature of
the sample requires a test temperature much above or
below room temperature or when the requirements of 7.8
cannot otherwise be met.

megsured—{see note)However, i tases whermappreciable
amounts of light fractions may be lost during determina-
tion at the bulk oil temperature, the limits given in table 3
shall be applied.

NOTE — The tables for correcting volume (i.e. tables 6, 24 and 54
referred to in ISO/R91) or density and relative density (i.e.
tables 5, 23 and 53 referred to in ISO/R 91) to standard tempera-
tures are based on an average expansion for a number of typical
materials. Since the same coefficients are used in computing both
sets of tables, corrections made over the same temperature interval
minimize errors arising from possible differences between the
coefficients of the material under test and the standard coefficients.
This effect becomes more important as temperatures diverge signifi-
cantly from the selected reference temperature,
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TABLE 3 — Limiting conditions and test temperatures

I1SO 3675-1976 (E)

Initial boiling

Sample type point Other limits Test temperature
Highly _ Reid vapour pressure below Cool in original closed container
volatile 1,8 bar (180 kPa) to 2 °C (35 °F) or lower.
Moderately [120°C (250 °F) Cool in original closed container
volatile and below to 20 °C (68 °F) or lower.
Moderately |120°C (250 °F)| Viscosity too high at 18 °C Heat to minimum temperature
volatile and below (65 °F) to obtain sufficient fluidity.
and viscous

Above 120°C
(250 °F)

Non-volatile

Use any temperature between
~18°Cand + 90°C (0 and
195 °F) as convenient.

Mixtures with —_
non-petroleum
products

Testat 15+ 0,2°C,20+ 0,2°C
{60+ 0.5 °F).

7 PROCEDURE

7.1 Adjpust the temperature of the sample according to
the indigations given in clause 6. Bring the clean hydro-
meter cylinder {5.3) and the appropriate thermometer
(6.2) apd hydrometer (5.1) (see note following 7.8)
to approximately the same temperature.as the sample to
be tested.

7.2 Trdnsfer a test portion (see note 1) to the
temperature-stabilized hydrometer cylinder without splash.
ing, to gvoid the formation of air bubbles and to reduce ‘to
a minimum the evaporation of the lower boiling
constitupnts of the more volatile samples, Transfet-highly
volatile samples to the cylinder by water displdcement or
by siphgning (see note 2). Remove any air bubbles formed,
after they have collected on the surface of.the test portion,
by touching them with a piece of clean\fifter paper before
insertind the hydrometer.

NOTES
1 When Mmetal cylinders are used{.accurate reading of the hydro-

meter can| only be ensured if the level of the sample is within 5 mm
of the top| of the cylinder.

2 Highly| volatile samples™~containing alcohols or other water-
soluble material should always be transferred by siphoning.

7.3 Plage the eylinder containing the test portion in a
vertical position in a location free from air currents. Ensure
that the|témperature of the test portion does not change
apprecial { e -
during this period, the temperature of the surrounding
medium should not change by more than 2 °C (5 °F). When
testing at temperatures much above or below room
temperature, the constant-temperature bath (5.4) may be
necessary to avoid excessive temperature changes.

7.4 Lower the hydrometer gently into the test portion.
Take care to avoid wetting the stem above the level to
which it will be immersed in the liguid. Continuously stir
the test portion with the thermometer, taking care that the
mercury thread is kept fully immersed and that the stem of
the hydrometer is not wetted above the immersion level. As
soon as steady reading is obtained, record the temperature
of the test portion to the nearest 0,2 °C (0.5 °F) and then

remove the thermometer.

75 Depressdhe hydrometer about two sgale divisions into
the liquid,.and then release it. The remainder of the stem of
the hydrometer, which is above the level of the liquid, must
be kept\dry since unnecessary liquid on the stem affects the
reading obtained. With samples of low viscosity, impart a
slight spin to the hydrometer on releasing[to assist in bring-
ing it to rest floating freely away from [the walls of the
cylinder. Allow sufficient time for the hydrometer to come
to rest, and for all air bubbles to come to|the surface. This
waiting period is particularly necessary in|the case of more
viscous samples.

7.6 When the hydrometer has come to rest, floating freely
away from the walls of the cylinder (see note), estimate the
hydrometer scale reading to the nearest 0j000 1 interval of
density or relative density. The correct hydrometer reading
is that point on the hydrometer scale at which the principal
surface of the liquid cuts the scale. Determine this point by
placing the eye slightly below the level r}f the liquid and
slowly raising it until the surface, first sden as a distorted
ellipse, appears to become a straight [line cutting the
hydrometer scale.

NOTE — When using a cylinder of plastics material, dissipate any
static charge by wiping the cylinder with a moist|{cloth before taking
the reading. Static charges often build up when Ysing such cylinders
and may prevent the hydrometer from floating fieely.

ithan opaque liquid, take a reading by observing,
with the eye slightly above the plane of the surface of the
liquid, the point of the hydrometer scale to which the
sample rises. This reading, at the top of the meniscus,
requires correction since hydrometers, unless otherwise
stated, are calibrated to be read at the principal surface of
the liquid. The correction for the particular hydrometer in
use may be 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 oil having a surface tension
similar to that of the sample under test.

NOTE — Alternatively, corrections as given in table 1 may be
applied.
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7.8 Immediately after observing the hydrometer scale
value, again cautiously stir the liquid with the thermometer,
keeping the mercury thread fully immersed. Record the
temperature of the liquid to the nearest 0,2 °C (0.5 °F) (see
note). Should this temperature differ from the previous
reading by more than 0,5 °C (1 °F), repeat the hydrometer
and the thermometer readings wuntil the temperature
becomes stable within 0,5 °C (1 °F).

NOTE — After use at a temperature higher than 38 °C {100 °F),
allow hydrometers of the lead-shot-in-wax type to drain and-cool in

c) For conversion from relative density 60/60 °F, use
table 21 and table E (addendum 1).

8.4 Carry out all calculations using the full number of
decimal places given in the appropriate table.

9 PRECISION

The precision of the method, as obtained by statistical
examination of inter-taboratory test results, is as follows :

a vertical position; If it is necessary to warm the hydrometer {(see
7.1), it should be warmed and handled in a vertical position.
8 CALCULATIDNS

8.1 Apply any| relevant calibration corrections to the

thermometer red
opaque samples,
to the observed
to the nearest 0

ding and to the hydrometer reading. For
make the appropriate meniscus correction
hydrometer reading as given in 7.7. Record
000 1 the final corrected hydrometer scale

reading (see notd).

nearest 0,5 °C ([l °F) the mean of the temperature values
observed immediately before and after the final hydrometer
reading.

After applicatiorf of any reievant corrections, record to the

NOTE — Hydromdter scale readings at temperatures other than the
calibration temperature should not be considered as more than
scale readings sirlce the hydrometer dimensions change with
temperature. (See 3.2.)

8.2 To convert|the corrected hydrometer reading (see-8.1)
to density or relative density at the temperature at which
the hydrometzI was calibrated, use the following
petroleum measlirement tables referred to in ASO/R 91 or
its addendum 1

a) When a hydrometer calibrated in density at 15 °C
has been employed, use table 53.1t0) obtain density at
15 °C.

b) When a hydrometer calibrated in density at 20 °C
has been employed, juse¢ table A referred to in
addendum 1|to ISO/R91 to obtain density at 20 °C.

c) When a hydrfometer calibrated in relative density
60/60 °F had been employed, use table 23 to obtain

9.1 Repeatability

The difference between successive test results; obtained by
the same operator with the same appardtus under constant
operating conditions on identical test, material, yould in
the long run, in the normal and Coerrect operatign of the
test method, exceed the values shiown in table 4 only in one
case in twenty.

TABLE 4~ Repeatability

Product Temperature Basis of scale | Repegtability
range )
Transparent |<2to + 24,5°C Density 0,009 5 g/mi
low viscosity 29 to 76 °F Relative density | 0,004 5
Opague -2to+245°C Density 0,000 6 g/m!
paq 29t0 76 °F  |Relative density| 0,009 6

9.2 Reproducibility

The difference between two single and independerft results,
obtained by different operators working in different
laboratories on identical test material, would in [the long
run, in the normal and correct operation of [the test
method, exceed the values shown in table 5 onlly in one
case in twenty.

TABLE 5 — Reproducibility

Product Temperature | o is of scale | Reprofiucibility
range
Transparent ~2to+245°C Density 0,001 2 g/mi
low viscosity 29 to 76 °F Relative density| 0,00 2
Ooacue ~21t0+245°C Density 0,00] 5 g/ml
paq 2910 76 °F | Relative density| 0,001 5

NOTE — The precision data in tables 4 and 5 were obta|ned using
specified hydrometers with a maximum permissible scale‘uLcertainty

relative density 60760F:

NOTE — The tables in ISO/R 91 apply only to hydrometers
constructed of soda lime glass having a volumetric coefficient of
expahsion of 26 X10-8°C- 1.

8.3 When a value is obtained with a hydrometer calibrated
in one of the units described herein and a result is required
in one of the other units, make the conversion using one of
the appropriate tables referred to in ISO/R 91 or its adden-
dum 1:

a} For conversion from density at 15 °C, use table 5. .

b) . For conversion from density at 20 °C, use table E
(addendum 1).

of 0,000 6 g/mi or 0,0006 relative density. No data are available
derived from the use of specified hydrometers with a maximum
permissible scale uncertainty of 0,000 3 g/ml or 0,000 3 relative
density, but an equal or better precision would be expected.

9.3 For very viscous products, or when the temperature
of test lies outside the limits given in 9.1 and 9.2, no preci-
sion data can be given. i

10 TEST REPORT

Report the final result to the nearest 0,000 1 as density in
grams per millilitre at 15°C or 20 °C or relative density
60/60 °F, and make reference to this International
Standard.
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