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iSO Recommendation R 1183 February

1970

PLASTICS

METHODS FOR DETERMINING THE DENSITY AND RELATIVE DENSITY

{SPECTFIC GRAVITY) OF PLASTICS EXCLUDING CELLULCAR PLASTICS

1. SCPPE

This ISO Recommendation describes four methods for the determination of the density and relative densjty

(sgecific gravity) of non-cellular plastics in the forms of films, sheet, tube, mouided objects, powders and
moulding powders :

Method A

sheet, rod, tube and moulded articles.
Method B

like.

Method C

Sink-float method for plastics in forms similar to those required for Method A, and pellets.

Method D

Density gradient columns are columns of liquid the densities of which increase uniformly from top

I\g/cm? and density differences.

Immersion method for plastics in a finished condition,whether machined or otherwise formed, such as

Pycnometer method for plastics in preformed condition such as moulding powder or pellets, flake and the

Density gradient column method for plastics in forms similar to those required for Method A, and gellets.

to

bottom. They are particularly suited to measurements of small specimens, materials with density legs than

Density and relative density are frequently used to follow the variations in the physical structure of specimens
and in calculations of the amount of material necessary to fill a given volume. Density is the preferred property
relating the mass and volume of an object, specimen or material. These properties may also be useful in deter-
mining uniformity among samples or specimens. These methods are designed to yield results accurate to at

least 0.2 % without applying corrections for weighings in air and to 0.05 % with such corrections.

The density of plastics often depends on the methods employed in preparing the test specimens. When th

is is

the case, precise details of the methods of preparation must be given; these are ordinarily stipulated in the

specifications for the material.
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2. DEFINITIONS
2.1  Density. The mass per unit volume of material at ¢ °C; it is expressed as
density, # °C (symbol : p,) in kg/m®, g/cm® or g/ml
Ordinarily r will be one of the standard laboratory temperatures, 20, 23 or 27 °C.

2.2 Relative density. The ratio of the mass of a given volume of material to that of an equal volume of a
reference material at the same temperature; it is expressed as

relative density, ¢/t °C (symbol : di)

where ? is the temperature in degrees Celsius. Ordinarily, ¢ will be one of the standard laboratory teémper- !
atures, 20, 23 or 27 °C.

The term “specific gravity” is often used for “relative density” when the reference substanee’is water.

Relative density may also be defined as the ratio of the density of a substance to the density of a refefence
substance under conditions that should be specified for both substances.

Density in grammes per cubic centimetre at t °C may be converted to specific gravity at these tempergtures
as follows :

where
S is the specific gravity;

p,  is the density of the specimen;

k is the density of water, at temperature.r, values at the standard laboratory temperatures bging

as follows :
p k ‘
°C g/cm?
20* 0.9982
23 0.9976
27 0.9965

Consulfithe International Bureau of Weights and Measures for exact relationships betweer
density and specific gravity at other temperatures.

NOTE. - The/following equivalent terms based upon ISO Recommendation R 31, Part 111, Quantities and units of
mechanics;are given here for clarification.

English term French term Symbol |Formulation Units
kg/m’
1. density (mass density)| masse volumique e p 7 g/cm?®
g/ml
2. relative density densité relative d Py dimensionless i
P2
m*/kg
. . Vo1
3. specific volume volume massique v —=— cm?/g
m p
ml/g |

® The reference temperature : see ISO Recommendation R 291, Srandard atmospheres for conditioning and testing.
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3. APPARATUS

3.1 Methods A and B
3.1.1 Balance with a sensitivity of 0.1 mg.
3.1.2 Fan straddle or other stationary support.

3.1.3 Pvenometer of, for example, 50 ml capacity, with side-arm overflow capillary, for determining the density
of the immersion liquid when this liquid is not water. The pycnometer should be equipped with a thermo-
meter graduated in 0.1 °C from 0 to 30 °C.

314 ] iquf/‘) bath napahlp of thermostatic control to within 0.1 °C

i 3.2 Method C
3.2.1 Stoppered glass vessels, 200 ml, approximately 100 mm high.
3.2.2 Thermostatically controlled bath as for Methods A and B.

3.2.3 Means for determining the density of liquids to an accuracy of + 0.001 g/ml.

3.3 Method D

k 3.3.1 Density gradient column consisting of a suitable tube, which.may be graduated, not less than 40 mm
diameter, with cover.

3.3.2 Thermostatically controlled bath as for Methods A and B:

3.3.3 A number of calibrated glass floats covering the density range to be studied and approximately eyenly
distributed throughout this range.

3.3.4 A set of suitable hydrometers covering the range of densities to be studied and having density graduations
of 0.001 g/cm?, or other suitable mean$.for measuring densities of liquids.

3.3.5 Balance with a sensitivity of 0,I\mg,

3.3.6 Siphon or pipette assemply-for filling the gradient tube such as shown in the Figure (page 10) orjany
other which will yield-an-equivalent result.

3.3.7 Cathetometer (optional).

4. IMMERSION LIQUIDS

Thie liquid afsolution with which the specimen comes into contact during the measurement should have no
effect on the'specimen and should not be absorbed by the specimen in any significant quantity.
4.1 cMethods A and B

— Freshly distilted water or other suitable iquid containing not more than U.1 % ol a wetling agent 10 help
in removing air bubbles.

4.2 Method C

Mixtures of liquids in various proportions or solutions of various concentrations having densities evenly
distributed throughout the range of interest, containing, if desired, not more than 0,1 % of a wetting agent.

43 Method D

Mixtures of two liquids selected from those in Table 2, or other suitable combinations known to meet the
requirements of this ISO Recommendation, prepared according to the procedure described in clause 7.4.2.
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5. SPECIMENS

5.1 Method A

Specimens may consist of films, sheets, tubes, moulded objects, granules other than powder, or specimens
taken from such forms with surfaces made smooth in an appropriate way to minimize the entrapment of
air bubbles upon immersion in the liquid. The specimen should be of any convenient size to give adequate
clearance between the specimen and beaker (a mass of approximately 1 to 5 g is often convenient).

5.2 Method B

peciie powder of flake I ived: T ize
may be approximately 1 to 5 g or more.
5.3 |Method C
Specimens should be in any convenient solid form.
5.4 |Method D

Specimens should consist of pieces of the material cut to any convenient shape for'ease of identificatipn.
Dimensions should be chosen to permit accurate measurement of the position of the centre of the volyme.
Surfaces should be smooth and free from cavities to preclude the entrapment-gf air bubbles upon immjersion.

6. CONDITIONING

In geperal, conditioning specimens to constant temperature will not be réquired because the determination
itself|brings the specimen to the constant temperature of the test. Conditioning specimens to constant moisture
contgnt, on the other hand, may be important.

Speclmens whose change in density upon conditioning may be'greater than the accuracy required of the density
detegmination should be conditioned before measurement in\accordance with the applicable material specifi
catiopis.

Specimens whose change in density with time or conditioning is the primary purpose of the measurements should
be cqnditioned in accordance with any agreed plan:

7. PROJEDURES

7.1 | Method A
Weigh the specimen suspended with a wire of diameter 0.125 mm (0.005 in) or less*.

Immerse the specimen, stillsuspended by the wire, in the immersion liquid contained in a beaker on the
pan straddle or other statiphary support. The temperature of the immersion liquid should be ¢ + 0.1 °C
where is 20, 23 of-27 °C. Remove adhering air bubbles with a fine wire. It is convenient to mark th

level of immersion;for example by a shallow notch filed in the wire. Weigh the immersed specimen.

(¢

Determine the density of immersion liquids other than water by weighing the pycnometer empty and fthen
containirig freshly distilled water at temperature ¢ and weighing the same pycnometer, after cleaning and

dryingfilled with the immersion liquid (also at temperature ¢). Calculate the density, p, , of the immefrsion |
liquid<as follows :

my

x—— Pw
mW

where
m,  is the mass of liquid; |
m,, is the mass of water;

p,, = k as defined in clause 2.2.

- .
® Such a fine wire renders correction for the apparent loss in mass of the wire unnecessary.
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Calculate the density of the specimen from the following formula :

° a .
density, ¢t °C =a—f"— in g/cm?® or g/ml

b

where
a is the mass, in grammes, of the specimen in air;

is the uncorrected mass, in grammes, of the specimen in the immersion liquid,;

p, is the density of the immersion liquid determined as above, expressed in grammes per cubic
centimetre or grammes per millilitre.

NOTE — For spec1mcns havmg a dens:ty less than that of the 1mmersnon llquld the test may be performed in exactly

ame e e to the
wire, such that the sinker rests below the fluld level as does the spec1men dunng immersion. The apparent loss in mass, ¢,
of the sinker on immersion may be thought of as a part of the suspending wire; it must be subtracted from b.in'th¢ above
equation. Thus :

. o~ 9Py ; ; ; _
density, t “C = —————— (if no sinker is used, ¢ = 0)
a-(b-c)

7.2| Method B

Weigh the pycnometer empty and dry. Weigh a suitable quantity of the plastics'material in the pycnpmeter.
Cover the test specimen with immersion liquid and remove all air from the §pecimen by applying a I-:Tcuum
1

to the pycnometer standing in a desiccator. Break the vacuum and fill the pycnometer with the immjersion
liquid. Bring it to constant temperature in the bath (3.1.4) and then complete filling exactly to the limits
of the capacity of the pycnometer. Wipe dry and weigh the pycnometer with its contents.

Empty, clean and fill with boiled distilled water, removingair,as above, and determine the mass of the
pycnometer and contents at the temperature of the test. Repeat the process with the immersion liqyid if
an immersion liquid other than water was used, and calculate its density as described in clause 7.1.

Calculate the density of the specimen from the following formula :

]

. mp
| density, ¥ °C = — X
% my, —m;
I
|

where
m is the mass, in grammmes, of the specimen;
m; is the mass, in grammes, of liquid required to fill the pycnometer;

m, is the mass,in grammes, of liquid required to fill the pycnometer containing the specime¢n;

p,  is the-density of the immersion liquid determined as above, in grammes per cubic centimetre.

; 7.3] Method C

vessel at tt 0 5°C. Place a test specunen in each vessel, takmg care that no air bubbles are attached to the
specimens.

Note the densest liquid in which the specimen sinks and the least dense in which it floats. Without delay,
determine the densities at 7 £ 0.5 °C of these two liquids to the nearest 0.001 g/ml.

The density of the material under test lies between these two values.

NOTE. - If a more precise determination is required, a further set of liquids may be prepared to cover the requisite
narrower range of densities and the procedure repeated.
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7.4

Method D

7.4.1 Preparation of glass floats. Glass floats, prepared by any convenient method, should be fully annealed,

approximately spherical and of diameter not greater than 5 mm.

Prepare a solution of about 500 ml of the liquids to be used in the gradient tube such that the density

of the solution as measured with hydrometers is approximately equal to the desired lowest density. When
the floats are at room temperature, drop them gently into the solution. Save the floats that sink very
slowly and discard those that sink rapidly or save them for another tube. If necessary to obtain a suitable
range of floats,

(2)  grind selected floats to the desired density by rubbing the bead part of the float on a glass plate on
which is spread a thin slurry of 400 or 600 mesh silicon carbide or other appropriate abrasive, or

(b) etch floats with hydrofluoric acid.

Progress may be followed by dropping the float in the test solution at intervals and noting,the) chahge
in its rate of sinking.

Determine the density of each standard glass float prepared as above by placing the float in a solufion
of two suitable liquids the density of which can be varied over the desired range by ‘the addition of
either liquid to the mixture. If the float sinks, add the denser liquid stirring it Well. Let the solution rest
and add no further liquid until the float shows signs of moving. If it shows signs of moving, repeat|the

above procedure until the float remains stationary for at least 30 minutes: It is convenient to make¢ these
measurements in the same temperature bath as is used for the density gradient tube. In any case, the
solution for calibration of the floats should be maintained at r + QA4 °€, where ¢ is 20, 23 or 27 [C.

Determine the density of liquid, to the nearest 0.0001 g/ml, in-which the float remains in equilibrfum,
using the pycnometer method described above in Method Avor'other convenient method, for example,
with hydrometers. Make “in vacuo™ corrections for all weighings (see Table 1). Record this density as
the density of the float and repeat the procedure for eagh float. It is convenient to place all floats|in
the liquid together, then calibrate them in turn, starting with the least dense.

Alternatively, calculate the density of the liquid;mixture in which the float remains stationary fro
the volumes of liquids used, taking care to apply corrections for fluid contractions.

=3

4.2 Preparation of density grddient column. Place the graduated glass tube in the thermostatically confrolled

bath (3.3.2) maintained at ¢ + 0.1 °C. Select a suitable combination of liquids from Table 2 such that

the resulting sensitivity of the column will be no poorer than 0.001 g/ml per centimetre of tube lepgth.
Satisfactory dersity ranges for a column are, for example, 0.001 to 0.1 g/ml. The extreme upper and
lower portions’of the tube should not be used, and readings outside the calibrated part should not|be
taken.

Any-0f several methods of preparing the gradient may be used, of which one is as follows :

Assemble the apparatus as shown in the Figure, using beakers of the same diameter. Then select ar]
appropriate amount of two suitable liquids Wthh prewously have been carefully de- aerated by gerltle
heating or an applied vacuum. The volume of [j t be
equal to at least one half of the total volume desnred in the gradient tube. Typical liquid systems for
density gradient columns are listed in Table 2.

NOTE. — Calculate the density of the liquids in beaker A (see Figure) used to prepare any desired gradient as follows :
oy = 2 (90 -p) VB
A = PO v
where
Pa is the density of the starting liquid in beaker A;
00 is the upper limit of required density and starting liquid density for beaker B, chosen to be 0.005 g/ml
heavier than the density of the densest glass float calibrated for the individual gradient tube;
o is the lower limit of required density, chosen to be 0.01 g/mli lighter than the density of the least dense
glass float calibrated for the individual gradient tube;
Vg  is the volume of starting liquid in beaker B;
14 is the total volume required in the gradient tube.
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Place an appropriate mass of the denser liquid into beaker B of suitable size and begin to stir using

a high-speed propeller-type stirrer. Adjust the speed of stirring such that the surface of the liquid does
not fluctuate greatly, and place an equal mass of the less dense liquid into beaker A. Take care that no
air is dispersed in the liquid.

After priming the siphon, which should be equipped with a capillary tip at the delivery end for flow
control with liquid A, start the delivery of the liquid to the gradient tube. Then fill the tube to the top
graduation desired.

NOTE. —~ Preparation of a suitable gradient column may require | to 1% hours or longer, depending upon the volume
required in the gradient tube.

Allow the density gradient column so prepared to rest for at least 24 hours.

discard the solution and repeat the procedure.

Alternatively, place the floats in the tube immediately upon preparation of the column. If the floats
appear to group together and do not spread out evenly in the tube, discard the solution and repedt the
preparation. Cap the tube, and retain it in the constant temperature bath for 24-to 48 hours. At the

end of this time measure the heights of floats from the bottom of the tube to,the nearest millime}re
and plot a curve of the density of the floats as a function of their heights-Tte curve so produced|should

(@) be monotonic,
(b) have no discontinuity, !
(c) have not more than one point of inflection. |

The solution should otherwise be discarded.

NOTE. — Density gradient columns normally remain stable(for'several months. A daily check of the original calibration
will reveal when instability has been reached.

7.4.3 Measurement of density. Wet three representative test specimens with the less dense of the two liquids ‘
used in the tube and gently place them-in the tube. Allow the tube and specimens to reach equilibrium, ‘
which will require 10 minutes or.more. Films of thickness less than 0.05 mm require at least 1% hours ‘
to settle. Rechecking specimens‘of’thin films after several hours is advisable.

NOTES ?
1. A fine wire carefully mafipulated is suitable for removing air bubbles from specimens. I

2. Old samples can be removed without destroying the gradient by slowly withdrawing a wire screen basket atfached [
to a long wire. ThiS can be done conveniently by means of a clock motor. Withdraw the basket from the boftom of
the tube and, aftercleaning, return it to the bottom of the tube. It is essential that this procedure be perforfned at
a slow enough'rate (approximately 10 mm length of column per minute) so as not to disturb the density grddient.

j.4.4 Calculations. The densities of the specimens may be determined graphically or by calculation from the
levels to which they settle, using either of the following methods : “

(@) Make a plot of float density versus float position on a chart large enough to be read accuratgly
to + 0.0001 g/ml and * 1 mm. Plot the positions of the specimens on the chart and read thdir
corresponding densities.

(b) Calculate the density by interpolation as follows :
(x-y)(b-a)
(z-y)

density at x =a +
where

yandz are distances (measured from an arbitrary level) of the two standard floats
bracketing the specimen;

aand b are the respective densities of these two standard floats;
x is the distance of the specimen above the same arbitrary level.
NOTE. — This method does not reveal calibration errors which can be detected with the graphical method (a).
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