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Foreword

ISO (the
federation

nternational Organization for Standardization) is a worldwide
of national standards bodies (ISO member bodies). The work

of preparimg International Standards is normally carried out through ISO

technical
which a t

committees. Each member body interested in a subject for
pchnical committee has been established has the right to be

representgd on that committee. International organizations, governmental

and non-g

pvernmental, in liaison with I1SO, also take part in the work. ISO

collaboratgs closely with the International Electrotechnical Commission
(IEC) on all matters of electrotechnical standardization.

Draft Inte
circulated

national Standards adopted by the technical committees,are
to the member bodies for voting. Publication as an Internatiénal

Standard requires approval by at least 75 % of the member bodies _casting

a vote.

Internatiorfal Standard ISO 10136-3 was prepared by Technical' Committee
ISO/TC 44, Laboratory glassware and related apparatus;>Sub-Committee
SC 5, Quaity of glassware.

ISO 10136 consists of the following parts, under the general title Glass
and glassware — Analysis of extract solutions:

— Part

1. Determination of silicon dioxide by molecular absorption

spedtrometry

— Part

2: Determination of sodium oxide and potassium oxide by flame

spedtrometric methods

— Part
flam

— Part
sped

— Part

3: Determination-0f calcium oxide and magnesium oxide by
b atomic absorption spectrometry

4: Determination of aluminium oxide by molecular absorption
trometry

5C-etermination of iron(lll) oxide by molecular absorption

spectrormetry ard-ffare atormc absoTooT SPETTOTETY

— Part

6. Determination of boron(lll) oxide by molecular absorption

spectrometry

Annex A of this part of ISO 10136 is for information only.
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Introduction

Classifications of glass or glassware, in National or Intérnation]
and in the various pharmacopoeia, have relied for many years
of extract solutions with a diluted mineral acid. Such solutions
not only the alkali metal oxides (sodium and potassium), bu
kaline earth oxides (calcium and magnesium)), which are alg
acid. Thus, the determination is actually of the total alkalinity q
solution, although this is sometimes calculated as the equivd
sodium oxide. In recent years, with\the advent of more n

al Standards
on a titration
may contain
I also the al-
o titrated by
f the extract
lent mass of
nhodern tech-

niques, such as flame atomic absorption spectrometry, therg¢ has been a

move towards a more complete analysis of extract soly
measurement of the conceptrations of the separate element

Technical Committee 2,-Chemical Durability and Analysis,

national Commission on\Glass (ICG), investigated colorimetric
determining calcium~and magnesium (see [5] in annex A) b
that none was particularly suitable for the determination of

concentrations-normally found in extract solutions. In round-
involving tenNaboratories, a procedure using flame atomi
spectrometry was devised and recommended for analysing
utions,

Theresults of investigations on turbidities, especially in g
utions, showed that acidification to dissolve possible hydro

tions and a
5 present.

of the Inter-
methods for
Ut concluded
the very low
robin studies
c absorption
extract sol-

ain test sol-
xides and/or

carbonates is necessary prior to the analytical determination. This is

achieved by using spectroscopic buffer solutions, which
strongly acidic, or by addition of acids.

are normally
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INTERNATIONAL STANDARD

ISO 10136-3:1993(E)

Glass and glassware — Analysis of extract

solutions —

Part|3:

Detgrmination of calcium oxide and magnesium ©Xide by
flame atomic absorption spectrometry

1 Scope

This paft of ISO 10136 specifies the analytical pro-
cedure, [using flame atomic absoprtion spectrometry,
for megsuring the concentrations of calcium and
magnes|um, expressed as their oxides (CaO and
MgQ), r¢leased into extract solutions during hydrolytic
resistange test procedures.

This part of 1SO 10136 applies to the analysis;of ex-
tract sojutions obtained from any kind of\glass or
glassware, including laboratory and pharmaceutical
ware made, for example, from borosilicaté glass (such
as borogilicate glass 3.3 according(to,1SO 3585), neu-
tral glags, or soda-lime-silica @lass as defined in
ISO 480203141, food and drink packaging ware, table-
ware arld kitchenware. The-extract solution may be
obtained from glass articles, for example according to
ISO 4802, or from glass as material, for example
when tgsted according to 1SO 719[1] or ISO 720[2].
In addition, it may~be applied to the extract solutions
by any:method for measuring the hydrolytic
resistange of ‘glass or glassware.

ISO 385-2:1984, Laboratory glassware — Burettes —
Part 2; “Burettes for which no waitlng time is
specified.

SO 648:1977, Laboratory glassware -+ One-mark
pipettes.

ISO 835-1:1981, Laboratory glassware + Graduated
pipettes — Part 1: General requirementd.

ISO 835-2:1981, Laboratory glassware + Graduated
pipettes — Part 2: Pipettes for which no|waiting time
is specified.

ISO 835-3:1981, Laboratory glassware + Graduated
pipettes — Part 3: Pipettes for which a|waiting time
of 15 s is specified.

ISO 1042:1983, Laboratory glassware 1— One-mark
volumetric flasks.

ISO 3585:1991, Borosilicate glass 3.3 —|Properties.

ISO 3696:1987, Water for analytical laboratory use —
Specification and test methods.

2 Normative references

The following standards contain provisions which,
through reference in this text, constitute provisions
of this part of ISO 10136. At the time of publication,
the editions indicated were valid. All standards are
subject to revision, and parties to agreements based
on this part of ISO 10136 are encouraged to investi-
gate the possibility of applying the most recent edi-
tions of the standards indicated below. Members of
IEC and ISO maintain registers of currently valid In-
ternational Standards.

SO 3819:1985, Laboratory glassware — Beakers.
SO 6955:1982, Analytical spectroscopic methods —

Flame emission, atomic absorption, and atomic fluor-
escence — Vocabulary.

3 Definitions

For the purposes of this part of ISO 10136, the fol-
lowing definitions apply.
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3.1 extract solution: The aqueous solution obtained
from the reaction of glass with water under specific
conditions.

3.2 sample measuring solution: The solution actu-
ally used for measuring the concentration of the
analyte. It may be the undiluted, diluted or modified

extract solution.

3.3 analyte:
termined.

The element or constituent to be de-

5 Reagents

During the analysis, unless otherwise stated, use only
reagents of recognized analytical grade, and grade 1
or grade 2 water as specified in ISO 3696.

When acids and ammonium hydroxide are specified
only by name or chemical formula, the concentrated
reagent is intended. The concentrations of diluted ac-
ids or ammonium hydroxide are specified as a ratio,
stating the number of volumes of the concentrated
reagent to be added to a given number of volumes

3.4 stock solution: A solution of appropriate com-

position conts
ide, in a know

3.5 standar
analyte, exprd
tration suitab
calibration sol

ining the analyte, expressed as its ox-
n but high concentration.

d solution: A solution containing the
ssed as its oxide, in a known concen-
e for the preparation of reference or
Litions.

3.6 set of cdalibration solutions; set of reference

solutions: A
utions having
zero member
concentration

3.7 flame

et of simple or synthetic reference sol-
different analyte concentrations. The
is, in principle, the solution having zero
of the analyte. [ISO 6955]

atomic

absorption spectrometry

(FAAS): A technique for determining the concen-

tration of che
ment  of
electromagne

3.8 spectroq
a substance
measuring so
order to red
trometric mes

Mmical elements based on the measure-
the absorption of characteristic
tic radiation in a vapour phase in a flame.

themical buffer solution: A solution of
or substances added to the sample
ution and to the reference solutions in
Lice interferences during flame, spec-
surements.

3.9 optimum working range: The‘range of con-

centrations of
relationship 1
concentration

an analyte in solution)over which the
etween absorption “for emission) and
is linear.

3.10 blank test solution: A solution prepared in the

same way as
that it does n

4 Principl

the samiple’ measuring solution but so
bt contain'the analyte to be determined.

or water. For example, 1 +3 means that 1 volime of
the concentrated reagent shall be dilutediwith 3 vol-
umes of water.

Commercially available standard solutions fof spec-
trometry may be used for the preparation of sftock or
standard solutions.

5.1 Calcium carbonhate (CaCOj), dried at 11( °C (at
least) and stored.in 'a’desiccator.

5.2 Calcium oxide, stock solution.

Weigh; to the nearest 0,1 mg, 1,785 8 g of ¢alcium

carbohate (5.1) and transfer to a 150 ml dish] Cover
with a watch glass and carefully add 1040 ml of
hydrochloric acid (5.5) to dissolve. Heat alnost to
boiling until all the gas has been evolved, rirjse the
underside of the watch glass into the solution, cool
and transfer the solution to a 1 000 ml one-mark
volumetric flask (6.4). Make up to the mark with water
and mix.

Transfer to a 1 000 ml stoppered bottle (6.3) fpr stor-
age.

1 ml of this stock solution contains 1 mg of C40.

5.3 Calcium oxide, standard solution.

Using a one-mark pipette (6.6), transfer 25 ml of the
calcium oxide stock solution (5.2) to a 250 ml one-
mark volumetric flask (6.4), make up to the mark with

Atomizing of the extract solution to be analysed in the
flame of an air/facetylene or dinitrogen monoxide/
acetylene burner through which is passed the
characteristics light emitted by a calcium or
magnesium hollow cathode lamp. Measurement of
the portion of the 422,7 nm line absorbed by calcium
atoms and of the 285,2 nm line absorbed by
magnesium atoms using a flame atomic absorption
spectrometer, and comparison with the absorption
produced by reference solutions of known calcium
and magnesium concentrations atomized under the
same conditions.

water and mix.

Transfer to a 250 ml stoppered bottle (6.3) for stor-
age.

This solution shall be freshly prepared immediately
before use.

1 ml of this standard solution contains 100 pg of
CaO.

5.4 Hydrochloric acid (HCI), p = 1,19 g/ml.


https://standardsiso.com/api/?name=1ab5dd5947bddd866bd3939f05ba5aa0

5.5 Hydrochloric acid, diluted 1+ 12.

5.6 Magnesium oxide (MgO), ignited at 1 050 °C
for 1 h and allowed to cool in a desiccator.

5.7 Magnesium oxide, stock solution.

Weigh, to the nearest 0,17 mg, 0,7000g of
magnesium oxide (5.6) and transfer it to a 250 ml
beaker (6.2). Add 70 ml of hydrochloric acid (5.5) and
heat, if necessary, to dissolve. Cool the solution, then

ISO 10136-3:1993(E)

6.2 Beakers, of a suitable capacity e.g. about
250 ml, and complying with the requirements in
ISO 3819.

6.3 Bottles, stoppered, of a suitable capacity e.g.
about 250 ml and 1 000 ml.

6.4 One-mark volumetric flasks, of a suitable ca-
pacity, and complying with the requirements for class
A one-mark volumetric flasks in ISO 1042.

transfer Ht—o—a—1-000-mlone-mark—volumetric—flask

(6.4), make up to the mark with water and mix.

Transferfto a 1 000 ml stoppered bottle (6.3) for stor-
age. Discard after 1 month.

1 ml of this stock solution contains 100 pg of MgO.

5.8 Magnesium oxide, standard solution.

Using alone-mark pipette (6.6), transfer 25 ml of the
magnesfum oxide stock solution (5.7) to a 250 ml
one-mark volumetric flask (6.4), make up to the mark
with water and mix.

Transferl to a 250 ml stoppered bottle (6.3) for stor-
age.

This solution shall be freshly prepared immediately
before Yse.

1 mi of| this standard solution contains 10 ug of
MgO.

5.9 Lapthanum oxide (La,0;).

5.10 Spectrochemical buffer solution

Transferl 11,7 g of lanthanium oxide (5.9) to a 250 ml
beaker (6.2), add 100 m! of hydrochloric acid (5.4) and
dissolve| while heating gently,) Cool, transfer to a
1 000 ml one-mark volumetric flask (6.4), make up to
the mark with water and. mix.

6 Apparatus

All labpfatory glassware, except pipettes and

6.5 Graduated pipette, of capacity 5-ml, and com-
plying with the requirements for, class A graduated
pipettes in ISO 835-1, ISO 835-2 0or'ISO $35-3.

6.6 One-mark pipettes,,of’a suitable ¢apacity, and
complying with the requirements for ¢lass A one-
mark pipettes in 1SO-648.

6.7 Burettes, ‘of suitable capacity e.g. df 10 ml, and
complying with/the requirements for clags A burettes
in 1ISO 386-2.

6.8 -Balance, with a discrimination of 0, mg.

6.9 Filter papers, of the ashless type washed twice
with acid, and designated as follows:

"open” or “coarse” will have a porosgity generally
used for filtering aluminium hydroxids;

“medium” will have a porosity generally used for
filtering calcium oxalate;

“close” or “fine” will have a porosity generally
used for filtering barium sulfate.

7 Sampling and samples

The sample for analysis shall be the ex{ract solution
produced in any hydrolytic resistance test procedure.

burettes, shall be made of borosilicate glass, prefer-
ably of type 3.3 complying with the requirements in
ISO 3585.

Ordinary laboratory apparatus, and

6.1 Flame atomic absorption spectrometer,
equipped with line sources for calcium (422,7 nm)
and magnesium (285,2 nm) and with gas supplies and
burners for air/acetylene or dinitrogen monoxide/
acetylene gas mixtures.

8 Procedure

8.1 Instrumentation

Adjust the flame atomic absorption spectrometer to
the optimum operating condition, as specified in the
operating manual, using the parameters shown in ta-
ble 1.
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Table 1 — Parameters for the measurements of (Ca) and (Mg)

Usual optimum working range . Detection line
Element Gas mixture
(ng/ml) nm
Ca 1t05 422,7
air/acetylene or N,O [acetylene
Mg 0,1t00,5 285,2

8.2 Preparation of reference solutions

8.2.1 For c]lcium

Using a graduated pipette (6.5), transfer 0 ml,
1,00 ml, 2,00 ml, 3,00 ml, 4,00 mi and 5,00 ml vol-
umes of the |calcium oxide standard solution (5.3) to
separate 50 ml one-mark volumetric flasks (6.4). Add,
with a gradugted pipette (6.5) or a burette (6.7), 5 mi
of the spectrpchemical buffer solution (5.10) to each
one-mark volumetric flask. Then make up each sol-
ution to the rhark and mix.

These solutions shall be prepared immediately before
use.

1 ml of the feference solution contains 0 pg, 2 pug,
4 ug, 6 1ug, 8lug and 10 ug of CaMgO respectively.

8.2.2 For magnesium

Using a graduated pipette (6.5), transfer 0.l
1,00 ml, 2,00 mi, 3,00 ml, 4,00 ml and 5,00 mi;vol-
umes of the magnesium oxide standard solution (5.8)
to separate 50 ml one-mark volumetric_flasks (6.4).
Add, with a graduated pipette (6.5) or.alburette (6.7),
5 mi of the gpectrochemical buffer selution (5.10) to
each one-mafk volumetric flask. Theh make up each
solution to tHe mark and mix.

These solutigns shall be prepared immediately before
use.

1 ml of the feference. solution contains 0 pg, 0,2 pug,
0,4 pg, 0,6 nug, 0,8wg-and 1,0 pg of MgO respectively.

8.3 Prepa

8.3.2 For measurement of magnesium-oxide
(MgO)

Spray the reference solution ({8.2.2) containing
1,0 ug/ml of MgO into the flame of the burper and
adjust the instrument to opfimum sensitivity] Using
precisely the same instrumental conditions, sgray the
series of reference solutions (in order of indreasing
concentration) and note-the readings. Repeat [the ad-
justment and spraying sequence at least threg times
and note the readings. Calculate the mean vglues of
the readings,and "plot the graph of readings [against
MgO concentrations.

8.4 Preparation of the sample measuring
solution and the blank test solution

8.4.1 Sample measuring solution

Using a one-mark pipette (6.6), transfer a 28 ml ali-
quot of the extract solution into a beaker (6.2) and add
5 ml of the spectrochemical buffer solution| (5.10).
Heat till boiling, cool and filter the solution using an
appropriate filter (6.9) into a 50 ml ome-mark
volumetric flask (6.4). Wash the filter carefully with
small portions of warm water, to make up|to the
mark.

NOTE 1 If the measured concentrations of CaO|or MgO
are too low or too high, concentrate by evaporatipg or di-
luting respectively. Ensure that the volume of |spectro-
chemical buffer added is equal to 10 % of the volunpe of the
volumetric flask.

8.4.2 Blank test solution

8.3.1 For measurement of calcium oxide (CaO)

Spray the reference solution (8.2.1) containing
10 ug/ml of CaO into the flame of the burner and ad-
just the instrument to optimum sensitivity. Using
precisely the same instrumental conditions spray the
series of reference solutions (in order of increasing
concentration) and note the readings. Repeat the ad-
justment and spraying sequence at least three times
and note the readings. Calculate the mean values of
the readings and plot the graph of readings against
CaO concentrations.

Prepare the blank test solution using a volume of
water equal to the volume of extract solution used to
prepare the sample measuring solution.

8.5 Determination of CaO and MgO

8.5.1 Determination of CaO

Spray the reference solution (8.2.1) containing
10 pg/ml of CaO into the flame of the burner and ad-
just the spectrometer to optimum sensitivity. Using
precisely the same instrumental conditions, spray the
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sample measuring solution (8.4.1) and the blank test
solution (8.4.2) and note the readings. Repeat the ad-
justment and measurement of the sample measuring
solution and blank test solution at least three times
and calculate the mean values of the readings.

8.5.2 Determination of MgO

Spray the reference solution (8.2.2) containing
1,0 ug/ml of MgO into the flame of the burner and
adjust the spectrometer to optimum sensitivity. Using
precisely-the-same-irstrumental conditions—spray-the

ISO 10136-3:1993(E)

oxide and magnesium oxide in the extract solution
and express as micrograms of CaO and MgO per
millilitre of extract solution.

10 Test report
The test report shall include the following information:
a) a reference to this part of ISO 10136;

b) an identification of the extracted samples;

sample measuring solution (8.4.1) and the blank test
solution [(8.4.2) and note the readings. Repeat the ad-
justment and measurement of the sample measuring
solution [and blank test solution at least three times
and calclilate the mean values of the readings.

9 Expression of results

Determine the masses of calcium oxide (CaO) and
magnesium oxide (MgO) in the sample measuring
solution [(8.4.1) and the blank test solution (8.4.2) from
the caligration graphs (8.3.1 and 8.3.2, respectively).
Subtract| and calculate the concentrations of calcium

c) a reference to the hydrolytic (resistance test
method used (see annex A) to produce the extract
solution;

d) a reference to the method-of measurgément used,
i.e. using airfacetylené\or dinitrogery monoxide/
acetylen mixtures;

e) the results obtained, expressed as micrograms of -
Ca0 per millilitre and/or micrograms jof MgO per
millilitre of €xtract solution;

f) any unhusual features noted during the determi-
nation.
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