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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.

The procedures used to develop this document and those intended for its further maintenance are
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INTERNATIONAL STANDARD

ISO 384:2015(E)

Laboratory glass and plastics ware — Principles of design
and construction of volumetric instruments

1 Scope

This International Standard sets out principles for the design of volumetric instruments manufactured
from glass or from plastics in order to facilitate the most reliable and convenient use to the intended

degre¢

2 N
The fa
indisp
refere
ISO 38
ISO 47,

1SO/IE
terms

3 T
For th

4 U

4.1

The unit of volume shall bejthe millilitre (ml), which is equivalent to one cubic centimetre]

4.2

The s
intend

When

e of accuracy.

prmative references

llowing documents, in whole or in part, are normatively referenced, ir’ this docu
ensable for its application. For dated references, only the edition-cited applies,
nces, the latest edition of the referenced document (including any ainendments) apy

3, Laboratory glassware — Interchangeable conical ground joints
87, Laboratory glassware — Volumetric instruments — Methods for testing of capacit

C Guide 99, International vocabulary of metrology.— Basic and general concepts d
(VIM)

rrms and definitions

e purposes of this document, the termis and definitions given in ISO/IEC Guide 99 af

hit of volume and reference temperature

[Jnit of volume

Reference temperature

ed torcontain or deliver its volume (capacity), shall be 20 °C.

the volumetric instrument is required for use in a country which has adopte

ment and are
For undated
lies.

y and for use

nd associated

ply.

(cm3).

andard-xeference temperature, i.e. the temperature at which the volumetric {nstrument is

d a standard

reference temperature of 27 °C, this figure shall be substituted for 20 °C.

NOTE

The capacity of volumetric instruments varies with change of temperature. A volumetric instrument
which was adjusted at 20 °C, but used at 27 °C or vice versa, would show an extra error of only 0,007 % if it is
made of borosilicate glass having a coefficient of cubic thermal expansion of 9,9 x 10-6 °C-1 and of 0,02 % if it is
made of soda-lime glass having a coefficient of cubic thermal expansion of 27 x 10-6 °C-1. These errors are smaller
than the limits of error for most volumetric instruments. It follows, therefore, that the reference temperature is
of minor importance in practical use when dealing with glassware. However, when performing calibrations, it is
important to refer to the reference temperature, especially when considering volumetric plastic ware.

5 Volumetric accuracy

5.1 There are two classes of accuracy:
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— the higher grade shall be designated “class A” or “class AS”;

— the lower grade shall be designated “class B”.

5.2 The maximum permissible error shall be specified for each type of volumetric instrument in regard
to the method and purpose of use and the class of accuracy.

5.3 The numerical values of maximum permissible error for volumetric instruments for general
purposes shall be preferably chosen from the series 10 - 12 - 15-20-25-30-40-50-60-80,0r a
suitable decimal multiple thereof.

NOTE Thi oC1T ;CD Uf lJl CfCllCd uuulbclo hao bccu aduptcd bcbauoc dC\’;llla}. oub luu}t;ylco Ulc SUIIT Of the
unrounded numbers, for example 31,5, would appear to imply a degree of precision which is not inténided and
which could ngt be measured in practice.

5.4 The makimum permissible error specified for a series of sizes of a volumetric instrument ghould
provide a reagonably uniform progression in relation to capacity.

5.5 The makimum permissible error permitted for class B should, in general, be approximately twice
as permitted for class A or AS.

5.6 For volpmetric instruments having a scale, the maximum permissible error for either class of
accuracy shal] not exceed the volume equivalent (see Annex A) of the;smallest scale division.

5.7 The maximum permissible error MPE for class A or AS:depends on the internal diameter D (in
millimetres) 3t the related graduation line and shall not be sinaller than derived by Formula (1):

MPEZ%I’)Z (0,4+0,01D) )

The correspopding class B limit shall be derived in accordance with 5.5.

NOTE Thg above formula applies for thesmost common volumetric instruments which have a circulay cross-
section, but mdy be transferred to non-ciréular cross-sections as well. See Annex A.

5.8 Inaddition to 5.7, the maximum permissible error specified for any volumetric instrument designed
to deliver shall also be not less'than four times the standard deviation determined experimentally by an
experienced ¢perator from @ series of at least 10 consecutive determinations of delivered capa¢ity on
the same vol@imetric instrdment, carried out strictly in accordance with the method specified fpr this
volumetric inftrumentin‘ISO 4787.

6 Methodsofcalibration and use

The method of calibration and use for each type of volumetric instrument is extensively described in
ISO 4787.

The general procedure is based upon a gravimetric determination of the volume of water, either
contained in or delivered by the volumetric instrument under test. This volume of water is calculated
from its mass under consideration of air buoyancy and water density.

Volumetric instruments manufactured from plastics should be considered to be calibrated more often
than glass instruments, because of the lower long-term stability of plastic instruments.

2 © IS0 2015 - All rights reserved
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7 Construction

7.1 Material

Volumetric instruments shall be constructed of glass or plastic of suitable chemical and thermal
properties. They shall be as free as possible from visible defects and shall be reasonably free from
internal stress.

7.2 Wall thickness

The volumetric instruments shall be sufficiently robust in construction to withstand usual laboratory
usage pnd the wall thickness shall show no gross departure from uniformity.

7.3 Shape

All volumetric instruments shall be of a shape which will facilitate the intended usg¢, and should
preferpbly be of circular cross-section.

7.4 (Capacity

7.4.1 | The numerical values of capacity of volumetric instpuments for general purposes should
preferpibly be chosen from the series 10 - 20 - 25 - 50, or a degimal multiple or sub-multip|le thereof.

The cqpacity of volumetric instruments for special applications may have differing valuesfthere are e.g.
pipettgs with capacities of 3 ml to 9 ml.

7.4.2 | The numerical value of the volume equivaléents of the smallest division on volumetric instruments
having a scale shall be chosen from the series.1I > 2 - 5, or a decimal multiple or sub-multigle thereof.

7.4.3 | Inthe case of a special purposerzolumetric instrument which is to be graduated for firect reading
of capacity when used with a specific liquid other than water, the specification should prefdrably indicate

the corresponding capacity when uised with pure water, so that the latter can be used for calibration.

7.5 Btability
Volumgetric instrumentsyprovided with a flat base shall stand vertically without rockinjg or spinning

when placed on a levelsurface and, unless specified otherwise, the axis of the graduated portion of the
vessel|should be veftical.

7.6 Delivery jets

7 6 1 Dalivoary 1ot o +ha Tocazne A d AF ol b s S ot nabe ch ol d o ot gl ~o o} t d th
. . U\'llv\'l] JbLD AU UIIC TUVVOT UITUu Ul VUITUITIC U IU TTIOUT UITICIITS SITUUIu UL olx Ullsl)’ CUITIO .-ruC e el er

with a smooth and gradual taper or a capillary end, both without sudden constriction at the orifice which
could give rise to turbulent outflow.

7.6.2 The end of the jet shall be finished by one of the methods listed below in order of preference:
a) hotfinished square with the axis, slightly bevelled on the outside and polished;

b) smoothly ground square with the axis and optionally fire-polished;

c) cutsquare with the axis and polished.

A fire-polished finish of glass jets reduces the danger of chipping in use, but should not result in sudden
constriction or in undue stress.

© IS0 2015 - All rights reserved 3
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7.6.3 Thejetshall be made either from glass tubing or from suitable plastics material. It shall preferably
form an integral part of the volumetric instrument. Otherwise, the jet shall be clearly identified to link it
to the related volumetric instrument or; if sufficient, to the nominal size of the volumetric instrument.

7.7 Stoppers

7.7.1 Glass stoppers should preferably be ground so as to be interchangeable, in which case the ground
portions shall comply with ISO 383. If individually fitted, they shall be well ground so as to prevent
leakage, preferably with a taper of approximately 1:10.

7.7.2 Stop
cases, the glag

7.8 Stopco

7.8.1 Stopc
and to preven

7.8.2 Stopc

7.8.3 All-gl
shall comply Y

7.8.4 Glass
of 1:50r 1:10

7.8.5 Stopc

8 Linear ¢

cks or similar devices

rsof a suitahluvinert nlastics material mav be nermitted as an alternative to aglass 1 Such
J r J r O

s or plastic socket into which the stopper fits should preferably comply with ISO, 383.

bcks and similar devices shall be designed to permit smooth and precise control of qutflow
[ arate of leakage greater than that allowed in the specification for thé-volumetric instriiment.

bcks and similar devices shall be made from glass or from suitable inert plastics matgrial.

iss stopcocks shall have the key and barrel finely ground preferably to a taper of 1:10 and
vith appropriate national or international specificatiohs.

stopcock barrels to receive plastics keys shall be polished internally and may have g taper
hck components may be fitted with suitable retaining devices.

limensions

8.1 Linear dimensional requirements;shall be specified for all volumetric instruments in such a pvay as

to ensure that:

a) thevolu

etric instrumentisconvenient and satisfactory for its intended use;

b) inaseries of sizes of agolumetricinstrument, unnecessary inconsistencies in shape and propqrtions

can bea

ided;

c) a limitatipn issplaced on the maximum inner diameter at the graduation line or lines (see 4.7 and
Annex A)| This'limitation may be a direct limitation on the inner diameter or an indirect onje by a

minimu

[imitation on scale length:

d) the requirement for spacing of graduation lines specified in 10.1.2 is achieved;

e) the stability requirements of 7.5 can be achieved.

8.2 Dimensional requirements should not be more restrictive than is necessary to achieve the aims
listed in 8.1. Linear dimensions shall be specified in millimetres.

8.3 In order to permit maximum freedom in manufacture within the restrictions imposed by 8.1,
dimensions may be divided into two categories of importance and classified as “essential dimensions”
and “recommended dimensions”.

© ISO 2015 - All rights reserved
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8.4 In a specification where these two categories of dimensions are used, the requirements of 8.1 c)

and d)

shall be included as essential dimensions.

8.5 Therequirements of 8.1 b) can in many cases be ensured sufficiently by recommended dimensions.

8.6 Essential dimensions shall be expressed in specifications by one of the following ways, whichever
is the most suitable or convenient:

a) aspecified figure with tolerance;

b) amaximum and minimum figure;

c) a
in

9 G

9.1
descri

9.2
be spe

0 9

and

03

A

NOTE

9.3
exceed

09

9.4
of the
shall t

maximum or a minimum figure, if the other limit is unimportant or is controlled by
the specification.

raduation lines

fraduation lines and ringmarks shall be clean, permanent, uniformJines of specifie
pbed below.

cified according to the inner tube diameter D (in millimeétres):

0,4 mm for inner tube diameters of D < 40 mm

[(0,4 + 0,01 D) / 2] mm for inner tube diameters of D > 40 mm

For volumetric instruments withjnon-circular shaped cross-sections, see Annex A.

one-half of the minimum,distance h between the centres of adjacent lines:

h/2 mm

All graduation.lines shall lie in planes at right angles to the longitudinal axis of the grad
volumetric)instrument. On volumetric instruments provided with a flat base, the gr
hereforelie in planes parallel to the base.

9.5

other factors

] thickness as

For volumetric instruments with or without scale, a maximium thickness 6 of graduatjion lines shall

(2)

(3

Dn volumetric instrumentsshaving a scale, the specified maximum thickness § of lines shall not

4)

uated portion
hduation lines

[raduation lines should preferably be situated not less than 5 mm from any change i

h diameter.

9.6 On volumetric instruments not having a scale, all graduation lines should extend completely
round the circumference of the volumetric instrument, except that a gap, not exceeding 10 % of the
circumference, may be permitted. In the case of an volumetric instrument which is restricted as to the
usual direction of viewing in use, this gap should be at the right or left of the usual direction of view.
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10 Scales

10.1 Spacing of graduation lines

10.1.1 There should be no evident irregularity in the spacing of graduation lines (except in special
cases where the scale is on a conical or tapered portion of the volumetric instrument and a change of
subdivision takes place).

10.1.2 The minimum distance h between the centres of adjacent graduation lines shall be not less than:

h=(0,8+

where D is th

NOTE For

10.2 Length

10.2.1 Gene

On volumetri
shall be varig

02 D) mm

(5)

b inner diameter of the tube in millimetres.

non-circular cross-sections, see Annex A.

of graduation lines (see Figure 2)

ral

C instruments of circular cross-section having a scale, the length of the graduatio
d so as to be clearly distinguishable and shall be insaccordance with the provis
or 10.2.4.

lmetric instrument.

nation pattern 1

h of the short lines should be approximately, but not less than, 50 % of the circumf]

h of the medium lines should be approximately 65 % of the circumference of the volu
nt and should extend symmetrically at each end beyond the end of the short lines.

ines should extend completely round the circumference of the volumetric instrume
exceeding 10 % of the ¢ipcumference, may be permitted (see 9.6).

hation pattern II

th of the short/lines should be not less than 10 % and not more than 20 %
Fence of thé&wolumetric instrument.

tend Symmetrically at each end beyond the end of the short lines.

h lines
ons of

crence

metric

nt, but

of the

h of the;medium lines should be approximately 1,5 times the length of the short lines and

10.2.2,10.2.3
10.2.2 Grad
a) The lengt
of the vol
b) Thelengt
instrumej
c¢) Thelong
a gap, nof
10.2.3 Grad
a) The leng
circumfe
b) The lengt
should ex
c¢) Thelong

IMes should extend compietely Tound the CiTCUIM{erence of the VOIumetric InStrime

a gap, not exceeding 10 % of the circumference, may be permitted (see 9.6).

10.2.4 Graduation pattern IIl

a)

circumference of the volumetric instrument.

b)

should extend symmetrically at each end beyond the ends of the short lines.

extend symmetrically at each end beyond the ends of the short and medium lines.

t, but

The length of the short lines should be not less than 10 % and not more than 20 % of the

The length of the medium lines should be approximately 1,5 times the length of the short lines and

The length of the long lines should be not less than twice the length of the short lines and should

© ISO 2015 - All rights reserved
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10.2.5 Special cases

In special cases where scales are required on non-circular cross-section or conical or tapered portions of
a volumetric instrument, the requirements of 10.2.2, 10.2.3 or 10.2.4 should be appropriately modified.

10.3 Sequence of graduation lines (see Figure 1)

10.3.1 On volumetric instruments in which the volume equivalent of the smallest scale division is 1 ml

(or a decimal multiple or sub-multiple thereof):

a) every tenth graduation line is a long line;

b) there is a medium line midway between two consecutive long lines;

c) there are four short lines between consecutive medium and long lines.

10.3.2 On volumetric instruments in which the volume equivalent of the smallest scale d
(or a decimal multiple or sub-multiple thereof):

a) every fifth graduation line is a long line;

b) there are four short lines between two consecutive long lines.

10.3.3 On volumetric instruments in which the volume equivalent of the smallest scale d
(or a decimal multiple or sub-multiple thereof):

a) every tenth graduation line is a long line;
b) t:[re are four medium lines equally spaced-between two consecutive long lines;

c t
arld long lines.

© ISO 2015 - All rights reserved
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1x 10" 2x10n 5x 10"

Key

I Graduatio
II  Graduatio
III  Graduatio

10.4 Positid

10.4.1 Onv

with 10.2.2, t
of the front of
volumetric in

10.4.2 On vq

 pattern [, see 10.2.2
 pattern I, see 10.2.3
 pattern III, see 10.2.4

Figure 1 — Length and sequence of graduation lines

n of graduation lines (see Figure 2)

lumetric instruments graddated according to pattern 1 with vertical scales in acco
e ends of the short graduation lines shall lie on an imaginary vertical line down the

strument is viewed from the front in the position of normal use.

accordance wjith 10.2.3.and 10.2.4, the mid-points of the short and medium graduation lines shal

an imaginary
instrument is

verticalNine down the centre of the front of the volumetric instrument, when the volu
viewed from the front in the position of normal use.

rdance
centre

the volumetric instrument, the lines themselves extending preferably to the left, when the

lumetric_inistruments graduated according to pattern II or III with vertical sciles in

lie on
Imetric
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N AN |~ - - Y A
D JZSB\N jzab
Z 2
3 3
| ¢ I 1l
Key
I Grpduation pattern [, see 10.4.1 1 shortline
II  Grpduation pattern I, see 10.4.2 2  medium line
[II Grpduation pattern III, see 10.4.2 3 longline
Figure 2 — Position of graduation lines
11 Figuring of graduation lines

11.1
may b

11.2
capaci
is used

11.3
lines, 1
111 p

Dn volumetric instruments with one’graduation line, the number representing nor
e included with the other inscriptions and need not be adjacent to the graduation lin

Dn volumetric instruments-having two or three graduation lines, the numbers represe
Ly need not be adjacent to the lines to which they relate, if a more suitable method of
, e.g.in the product information, the calibration certificate or in published catalogue]

Dn volumetric jnstruments having one principal graduation line and a small number
he number representing the principal capacity may be included with the other insq
rovided thatthe subsidiary graduation lines are suitably identified.

Dn volumetric instruments having a scale:

a) thle scale shall be so figured as to enable the value corresponding to each graduatl

re
b) th

c) at

hinal capacity

al

nting nominal
identification
S.

of subsidiary
riptions as in

adily identified;
e scale should normally have only one set of figures;

least every tenth line shall be figured;

jon line to be

d) figures shall be confined to long graduation lines and should be placed immediately above the line
and slightly to the right of the adjacent shorter graduation lines;

e) where it is necessary in special cases to use a number relating to a medium or short graduation
line, the number should be placed slightly to the right of the end of the line in such a way that an
extension of the line would bisect it.
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Where long lines complying with 10.2.3 are used (i.e. not extending completely round the volumetric
instrument), an alternative scheme of figuring may be permitted, in which the figure is placed slightly
to the right of the end of the long line in such a way that an extension of the line would bisect it.

12 Marking

12.1 The following inscriptions shall be permanently marked on each volumetric instrument:

a) anumber indicating the nominal capacity (except for volumetric instruments with graduation lines
figured to indicate capacity);

b) the symbol “ml” or the symbol “cm3” to indicate the unit in terms of which the volumetric
instrument is graduated;

c) the inscrjption “20 °C” to indicate the standard reference temperature; where, exceptionally, the
referencd temperature is 27 °C, this value shall be substituted for 20 °C;

d) the lettefs “In” to indicate that the volumetric instrument has been adjusted to contqin its
indicated| capacity, or the letters “Ex” to indicate that the volumetric instruntent has been adjusted
to delivey its indicated capacity;

e) theinscription “A”, “AS” or “B” to indicate the class of accuracy to which the volumetric instrjument
is intendgd to belong;

f) onvolumegtric instruments intended for use with a specifiedwaiting time, the waiting time shall be
inscribed. For example: “Ex+5 s”;

g) the manufacturer’s and/or supplier’s name and/or mark.

It is recommejnded to mark volumetric instruments ¢complying with an ISO International Standard with
the number of that ISO International Standard.

12.2 If required by legal metrology, additionial information shall be marked on Class “A” dr “AS”
volumetric inftruments intended for officialwerification or certification:

a) an identification mark, which shall be repeated on all removable parts which might affgct the
volumetrjic accuracy;

b) the delivgry time, in seconds, may optionally be marked on the volumetric instrument’s body;

c) in the cage of a volumétric instrument which has been specially constructed for direct readling of
capacity when used with a specific liquid other than water, the name or chemical formula|of the
liquid in question;

d) the maxium‘permissible error applying for the volumetric instrument, for example “+ .. ml[.

12.3 The following inscriptions shall also be marked on volumetric instruments to which they apply:

a) in the case of an volumetric instrument made from a glass having a coefficient of (cubical) thermal
expansion outside the range 25 x 10-6°C-1to 30 x 10-6 °C-1 (i.e. outside the range of the usual types
of soda-lime glass), an indication to this effect, so that for certification purposes the appropriate
correction may be done; this requirement will be met by the manufacturer’s name and/or trade
mark if the material and/or coefficient of thermal expansion is given in the product information or
is published in corresponding catalogues;

b) in the case of an volumetric instrument made from plastics an indication to the material which
gives reference to the (cubical) thermal expansion factor; this requirement will be met by the
manufacturer’s name and/or trade mark if the material and/or coefficient of thermal expansion is
given in the product information or is published in the corresponding catalogues.
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c) blow-out volumetric instruments such as blow-out pipettes shall be provided with a narrow white
band below any colour coding. Additionally, they may have an inscription indicating that the

ENTEN

instrument is for blow-out (for example, “blow-out”, “a souffler” or similar).

13 Visibility of graduation lines, figures and inscriptions

13.1 All figures and inscriptions shall be of such size and form as to be clearly legible under usual
conditions of use.

13.2 All graduation lines, figures and inscriptions shall be clearly visible and permanent.
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Annex A
(normative)

Maximum permissible error in relation to the inner diameter at
the meniscus

Subclause 5.7 of this International Standard specifies a requirement that the maximum permissible
error MPE fof any volumetric instrument of class A and class AS shall not be Tess than that caldulated
under considg¢ration of the inner diameter at the graduation line by means of Formula (1).

The MPE for|volumetric instruments having at the graduation line a non-circular ¢ross-section is
calculated by|the equation

MPE > AfL (A1)

and in case ¢f volumetric instruments having at the graduation line alcylindrical tube with inner
diameter D by the equation

MPEZ%I‘)Z L (A.2)

where

MPE is the maximum permissible error, in microlitres;

A is the internal cross-section of the instruiment at the meniscus;
D is the internal diameter, in millimetres, of the tube at the meniscus;
L is the linear equivalent of the-MPE, in millimetres.

The linear equivalent L is the length;of tube of diameter D occupied by the volume of the maximum
permissible efror MPE. This lineariequivalent L of the MPE should not be smaller than the reading error.

The linear eqpiivalent

L=L,+p (A.3)

can be considered to be made up of two components:

a) abasic mimimum of £ = 0,4 mMm which 15 the lIowesT Himit, even on tubes of very smail diameter; which
has proved to be satisfactory in normal use and practicable for easy reading of volume changes;

b) an additional allowance for potential parallax error in reading, which is related to the diameter,
and for which the symbol “P” is used.
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