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FOREWORD 

IS0 (the International Organization for Standardization) is a worldwide federation 
of national standards institutes (IS0 member bodies). The work of developing 
International Standards is carried out through IS0 technical committees. Every 
member body interested in a subject for which a technical committee has been set 
up 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. 

Draft International Standards adopted by the technical committees are circulated 
to the member bodies for approval before their acceptance as International 
Standards by the IS0 Council. 

International Standard IS0 387 was developed by Technical Committee 
ISO/TC 48, Laboratory glassware and related apparatus, and was circulated to the 
member bodies in May 1976. 

It has been approved by the member bodies of the foliowing countries : 

Australia India 
Austria Ireland 
Belgium Israel 
Canada Italy 
Chile Korea, Rep. of 
Czechoslovakia Mex ice 
France Netherlands 
Germany Philippines 
Hungary Poland 

Romania 
South Africa, Rep. of 
Spain 
Turkey 
United Kingdom 
U.S.A. 
U.S.S.R. 

No member body expressed disapproval of the document. 

This International Standard cancels and replaces IS0 Recommendation R 387-1964, 
of which it constitutes a technical revision. 

0 International Organization for Standardization, 1977 @ 

Printed in Switzerland 
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INTERNATIONAL STANDARD IS0 387-1977 (E) 

Hydrometers - Principles of construction and adjustment 

1 SCOPE AND FIELD OF APPLICATION 

This International Standard sets out principles for the 
construction and adjustment of glass hydrometers of 
constant mass which do not incorporate a thermometer. 

The corresponding International Standard for glass hydro- 
meters with an incorporated thermometer is IS0 . . .1 ) 

work at an ambient temperature considerably above 20 OC, and 
these countries do not wish to use the standard reference temper- 
ature of 20 OC, it is recommended that they should adopt 27 “C. 

4.2 Where the relative density scale is used, the reference 
temperature for the purposes of this International Standard 
shall be 60’ F (I 5,56 “C) for both t, and t2, as defined 
in 3.2. 

2 REFERENCE 

IS0 1768, Glass hydrometers - Conventional value for the 
thermal cubic expansion coefficient (for use in the prep- 
aration of measurement tables for liquids). 

3 BASIS OF SCALE 

5 SURFACE TENSION 

The hydrometer shall be adjusted with regard to surface 
tension. Except where the highest precision is required, one 
of the standard categories of surface tension given in 
annex A shall be used. 

3.1 The scale shall indicate density (mass per unit volume) 
in kilograms per cubic metre (kg/m3). The gram per cubic 
centimetre (g/cm3) is an acceptable sub-multiple of the 
SI unit*). 

For hydrometers of the highest precision, intended for use 
in particular liquids (for example alcohol solutions), the 
surface tension values appropriate to clean surfaces of these 
liquids and to the actual indications of the hydrometer shall 

NOTE - The advantages of using density as the basis of hydrometer 
scales are explained in annex B. 

be used [see 11 c) 3)]. 

3.2 The use of a scale other than one based on density 
is not recommended but, in view of its importance in trade 
between various countries, the scale based on relative 

6 REFERENCE LEVELS FOR ADJUSTMENT AND 
READING 

density with reference to water is permitted. 

PI relative density = - 
p2 

where 

p1 is the density of a liquid at a specified temper- 
ature tl ; 

6.1 Hydrometers intended for use in translucent liquids 
shall be adjusted for readings taken at the level of the 
horizontal liquid surface. If a hydrometer so adjusted is 
used in an opaque liquid, readings may be taken at the top 
of the meniscus where it appears to meet the stem, but 
appropriate correction to the level of the horizontal liquid 
surface shall then be made. 

To avoid the necessity for making such corrections, hydro- 
p2 is the density of water at a specified temperature t2. meters intended for use in opaque liquids may alternatively 

be adjusted for readings taken at the top of the meniscus 

4 REFERENCE TEMPERATURE 
where it appears to meet the stem. If a hydrometer is so 
adjusted, this shall be clearly indicated on the scale 

4.1 The standard reference temperature for density hydro- 
meters shall be 20 “C. 

[see 11 d)]. 

NOTE - In special circumstances, either 15 ‘C or 27 o C may be 6.2 The middle of the thickness of a scale line shall be 
substituted for 20 “C. When it is necessary in tropical countries to taken as its definitive position. . 

1) In preparation. 

2) The alternative g/ml is permitted. 
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IS0 387-1977 (E) 

7 CALIBRATION CONDITIONS 

Hydrometers shall be adjusted for use under the following 
conditions : 

a) the emergent stem being dry, except in the immedi- 
ate vicinity of the meniscus; 

b) when the hydrometer is slightly displaced from its 
equilibrium position in a liquid, the stem passing 
through the liquid surface without causing any apparent 
alteration in the shape of the meniscus. 

8 MATERIALS AND WORKMANSHIP 

8.1 The bulb and stem shall be made of transparent glass 
as free as possible from stress and visible defects, and 
shall have a coefficient of cubical thermal expansion 
of (25 + 2) x IO+ “C-l .* 

NOTE - The value of this coefficient has been specified in order 
that various measurement tables and temperature correction tables 
which have been compiled using this value may be used without 
error. 

8.2 The loading material shall be fixed in the bottom part 
of the hydrometer. When heated in a horizontal position 
for 1 h at 80 “C and subsequently cooled to room temper- 
ature in that position, the hydrometer shall meet the 
requirements of 9.3. 

If, however, a hydrometer is likely to be used at a temper- 
ature higher than 70 ‘C, this test shall be carried out at a 
temperature which is higher than 80 “6. The material shall 
not deteriorate in use. 

Mercury shall not be used as a loading material. 

8.3 There shall be no loose material in the instrument. 

8.4 The scale lines and inscriptions should preferably be 
black and shall be clearly and permanently marked. 

8.5 The strip on which the scale and inscriptions are 
marked shall have a smooth surface. The strip shall show 
no evidence of charring. The strip bearing the scale shall 
not become discoloured or distorted when the stem is 
exposed for 1 h to a temperature of 70 “C or to any higher 
temperature at which the hydrometer will be used. 

9 SHAPE 

9.1 The outer surface shall be symmetrical about the main 
axis. 

* This value camp lies with IS0 1768. 

9.2 There shall be no abrupt changes in cross-section. The 
tapered design shown in the figure below is preferred, but 
any design which does not permit air bubbles to be trapped 
is acceptable. 

FIGURE - Preferred design of hydrometer bulb 

9.3 The hydrometer shall float with its axis essentially 
vertical; ‘l,5’ is recommended as the maximum permissible 
deviation. 

9.4 The cross-section of the stem shall remain unchanged 
for at least 5 mm below the lowest graduation line of the 
scale. 

9.5 The stem shall extend at least 15 mm 
most graduation line of the scale. 

above the upper- 

IQ SCALE 

IQ.1 GeneraII 

10.1.1 The strip on which the scale and inscriptions are 
marked shall remain securely fastened in place at the 
temperature of use (see 8.5). 

10.1.2 Appropriate means shall be incorporated for 
ensuring that any displacement of the scale or of the strip 
bearing the scale is readily apparent. If the scale is displaced, 
the instrument shall be rejected. 
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IS0 387-1977 (E) 

b) there shall 
tive long lines. 

be four short lines between two consecu- 10.1.3 No hydrometer shall have more than one type of 
density or relative density scale. If a hydrometer bears 
duplicate scales of the same type, the values indicated by 
them shall not differ appreciably. 10.3.3 On hydrometer scales whose smallest interval 

is 0,5 kg/m3 (or 0,000 5 relative density) or a decimal 
multiple thereof : 

10.2 Graduation lines 
a) every tenth graduation line shall be a long line; 

10.2.1 The graduation lines shall be distinct, and of 
uniform thickness not exceeding one-fifth of the distance 
between the centres of adjacent lines. 

b) there shall be four medium lines between 
secutive long lines; 

two con- 

c) there shall be one short line between two consecu- 
tive medium lines and between consecutive medium and 
long lines. 

10.2.2 There shall be no evident local irregularities in the 
spacing of the graduation lines. 

10.4 Figuring of graduation lines 10.2.3 The graduation lines shall lie in planes perpen- 
dicular to the axis of the hydrometer. 

40.4.1 The scale shall have only one set of numbers, and 
the last digits of the numbers shall be vertically aligned. 10.2.4 The scale shall be straight and without twist. 

10.4.2 The scale shall be figured so as to enable the 
value corresponding to any graduation line to be readily 
identified. 

10.2.5 A line on the strip bearing the scale parallel to the 
axis of the instrument and indicating the front of the scale 
is permitted. 

10.4.3 The highest and lowest graduation lines of the 
nominal limits shall be figured in full. 

10.2.6 The graduation lines indicating the nominal limits 
of the scale shall be long lines [see 10.3.1 a), 10.3.2 a) 
and 10.3.3 a)]. 

10.4.4 At least every tenth line shall be figured. 

10.2.7 The short scale lines shall extend at least one-fifth 
of the way round the circumference of the stem; the 
medium lines at least one-third; and the long lines at least 
one-half of the way round the circumference. 

10.4.5 For density values expressed in grams per cubic 
centimetre and for relative density values, the decimal sign 
shall be included for numbers expressed in full, but may be 
omitted from abbreviated numbers. 

10.2.8 The distance between the centres of adjacent 
graduation lines shall exceed 0,8 mm but shall not exceed 
3,0 mm, and should preferably be not less than I,2 mm or 
more than 2,0 mm. 

11 INSCRIPTIONS 

The following information shall be permanently, legibly 
and unequivoca Ily marked within the hydrometer : 

10.2.9 The scale shall extend at each end beyond its 
nominal limits by at least two graduation lines. a) the basis of the scale, for example “kg/m3”; 

b) the standard reference temperature of the hydro- 
meter, for example “20 OC”; 

10.3 Sequence of graduation lines 
d 1) either a particular surface tension expressed in 

mill inewtons per metre (for example “55 mN/m”); 10.3.1 On hydrometer scales whose smallest interval 
is 0,l kg/m 3 (or 0,000 1 relative density) or a decimal 
multiple thereof : 

2) or a surface tension category as defined in 
annex A (for example “low S.T.“); 

a) every tenth graduation line shall be a long line; 3) or, if the instru ment is calibrated for use in a 
particular liqu id, the name of that liquid; b) there shall 

tive long I ines; 
be a medium line between two consecu- 

d whether the hydrometer is adjusted for readings 
the top of the me niscus (i.e. for use in opaque liquids) 

at 
c) there shall be four short lines 
medium and long I ines. 

between consecutive 

e) the maker’s and/or 
able ma rk; 

vendor’s name or readily identif i- 

10.3.2 On hydrometer scales whose smallest interval 
is 0,2 kg/m3 (or 0,000 2 relative density) or a decimal 
multiple thereof : 

f) identification number of the instrument; 

g) the number of this lnte rnationa I Standard 
number of the corresponding national standard. 

or the 
a) every fifth graduation line shall be a long line; 
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IS0 387-1977 (E) 

ANNEX A 

STANDARD CATEGORIES OF SURFACE TENSION FOR HYDROMETERS 

The following standard categories of surface tension are adopted for hydrometers for technical use, so as to provide a precise 
basis of adjustment and verification and to permit the attainment of appropriate accuracy in hydrometric measurements in 
the liquids indicated. The adoption of these surface tension categories does not preclude the use of other surface tensions as 
the basis for the adjustment of hydrometers, provided that such surface tensions are marked, in millinewtons per metre, 
within the hydrometer. 

Attention is drawn to the provision [see 11 c) 3)] that, if desired, the name of the liquid for which the hydrometer is 
intended can be marked within the hydrometer, instead of a surface tension category or a precise surface tension. 

TABLE - Standard surface tension categories 

category 

Medium 

High 

indication Surface tension Examples of liquids to which the 

kg/m3 mN/m category is appropriate 

increment 

600 
700 
800 
900 

1 000 to 1 300 
inclusive 

600 to 940 
inclusive 

As for the cat- 
egory “low” above 

960 35 
970 40 
980 45 
990 50 

1 000 to 2 000 
inclusive 

55 

1 000 to 2 000 
inclusive ) 

0 20 40 60 80 

15 16 17 18 19 
20 21 22 23 24 
25 26 27 28 29 
30 31 32 33 34 

35 

75 

- 

Organic liquids generally (including ethers, 
petroleum distillates, coaltar distillates), and 
all types of oils. 

Acetic acid solutions, the free surfaces of 
which have not been specially cleaned for 
example by overflow. 

Aqueous solutions (including those of ethyl 
and methyl alcohol, but excluding acetic 
acid solutions), the free surfaces of which 
have not been specially cleaned. 

Nitric acid solutions of densities greater than 
1 300 kg/m3 whether the free surface has 
been specially cleaned or not. 

Aqueous solutions, the surfaces of which 
have been specially cleaned, except : 

a) nitric acid solutions of densities greater 
than 1 300 kg/m3 

b) acetic acid solutions.1) 

I) Owing to the extreme variability of the surface tension of acetic acid solutions with clean surfaces, these solutions 
have not been included in the table. 
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