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Introduction

All silicate glasses contain some iron, although in very'low co

and in certain usages some of this iron can be released into

of a glass container. There may be serious consequences,

when solutions are sterilized by autoclaving after they have
into a container, or when solutions are stored (even at amb

tures) for long periods of time. Iron may-be'released into th

utions produced during hydrolytic resistance tests and,
concentration will be very low, a very'sensitive test method i
its determination.

Technical Committee 2, Cheémical Durability and Analysis,
national Commission on Glass (ICG), investigated the proble

annex A) and considered.flame-emission, flame atomic ab)
methd

two molecular ahsorption spectrometric
ortho-phenanthroline'@hd bathophenanthroline. As a result o

erations, it was considered that the bathophenanthroline met
offered the greatest sensitivity and freedom from interfereng
oratories participated in the round-robin study to develop rg
procedures, using both molecular absorption and flame atom

spectrometry.

Thexresults of investigations on turbidities, especially in g

utiohs, showed that acidification to dissolve possible hydra
carbonates is necessary prior to the analytical determing

achieved by using spectroscopic buffer solutions, which
strongly acidic, or by addition of acids.
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Glass and glassware — Analysis of extract

solutions —

Part|5:

Detgrmination of iron(lll) oxide by molecular absorption
spedtrometry and flame atomic absorption spectrometry

1 Scope

This paft of ISO 10136 specifies an analytical pro-
cedure, lusing molecular absorption spectrometry and
flame afomic absorption spectrometry, for measuring
the congentrations of iron, expressed as iron(lll) oxide
(Fe,0O4),| released into extract solutions during
hydrolyt|c resistance test procedures.

This part of ISO 10136 applies to the analysis of ex-
tract sojutions obtained from any kind of.glass or
glasswale, including laboratory and pharmaceutical
ware mgde, for example, from borosilicate glass (such
as borogilicate glass 3.3 according 13S0 3585), neu-
tral glags, or soda-lime-silica glass as defined in
ISO 480R[3104], food and drink_paekaging ware, table-
ware and kitchenware. The-~extract solution may be
obtained from glass articles, for example according to
ISO 480R or from glassas-material, for example when
tested dccording to 4SO-719[1] or ISO 720[2). In ad-
dition, i may be applied to the extract solutions pro-
duced Ry any miethod for measuring the hydrolytic
resistange of glass or glassware.

ISO 385-2:1984, Laboratory glassware —
Part 2:*Burettes for which no wait|
specified.

SO 648:1977, Laboratory glassware -
pipettes.

ISO 835-1:1981, Laboratory glassware -

pipettes — Part 1. General requirements,

ISO 835-2:1981, Laboratory glassware -
pipettes — Part 2: Pipettes for which no
is specified.

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

ISO 1042:1983, Laboratory glassware -
volumetric flasks.

SO 1773:1976, Laboratory glassware
flasks (narrow-neckeq).

~

- Burettes —
ng time s

— One-mark

— Graduated

— Graduated
waiting time

— Graduated
waiting time

— One-mark

— Boiling

ISO 3585:1991, Borosilicate glass 3.3 —

Properties.

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.

ISO 3696:1987, Water for analytical laboratory use —

Specification and test methods.
ISO 3819:1985, Laboratory glassware —

ISO 6955:1982, Analytical spectroscopic

Beakers.

methods —

Flame emission, atomic absorption, and atomic fluor-

escence — Vocabulary.
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3 Definitions

For the purposes of this part of ISO 10136, the fol-
lowing definitions apply.

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 fq f f
analyte. It mjay be the undiluted, diluted or modified
extract solutjon.

3.3 analyt¢: The element or constituent to be de-
termined.

3.4 stock solution: A solution of appropriate com-
position confaining the analyte, expressed as its ox-
ide, in a known but high concentration.

3.5 standard solution: A solution containing the
analyte, expfessed as its oxide, in a known concen-
tration suitaple for the preparation of reference or
calibration solutions.

3.6 set of |calibration solutions; set of reference
solutions: A set of simple or synthetic reference sol-
utions havirlg different analyte concentrations. The
zero memberr is, in principle, the solutions having zere
concentratioh of the analyte. [ISO 6955]

3.7 molectlar absorption spectrometry (MAS): A
technique for determining the concentration of an
analyte in splution by measuring the Optical density
of a colour gomplex of the analyte.

3.8 flame | atomic absorption spectrometry
(FAAS): A [technique for «determining the concen-
tration of chHemical elements based on the measure-
ment of | the absoerption of characteristic
electromagnietic radiation in a vapour phase in a flame.

3.9 blank test solution: A solution prepared in the
same way . }
that it does not contain the analyte to be determined.

3.10 spectrochemical buffer solution: A solution
of a substance or substances added to the sample
measuring solution and to the reference solutions in
order to reduce interferences during flame spec-
trometric measurements.

3.11 optimum working range: The range of con-
centrations of an analyte in solution over which the
relationship between absorption (or emission) and
concentration is linear.

4 Principle

4.1 Determination of iron by molecular
absorption spectrometry

Reduction of the iron in the extract solution to be
analysed to the iron(ll) state by adding ascorbic acid.
Addition of bathophenanthroline and buffering of the
solution to pH 4 to 6. Then, extraction of the coloured
iron complex into chloroform. Measurement of the
optical density by means of a molecular _absorption
spectrometer at 533 nm using 40 mm optigal cells.
Determination of the concentration of iron
calibration graph.

4.2 Determination of iron/by flame atomic
absorption spectrometry

Evaporation of a portionof the extract solutipn to be
analysed with hydrofluoric and perchloric a¢ids and
dissolution of the residue in hydrochloric acid polution.
Spraying the sojution into an air/acetylene flame and
measuring the~absorption using a flame atgmic ab-
sorption speotrometer at 248,3 nm. Determination of
the concentration of iron from the calibration |graph.

5 .‘Reagents

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

When acids and ammonium hydroxide are gpecified
only by name or chemical formula, the concentrated
reagent is intended. The concentrations of diluted ac-
ids or ammonium hydroxide are specified ag a ratio,
stating the number of volumes of the concentrated
reagent to be added to a given number of polumes
or water. For example, 1+ 3 means that 1 vglume of
the concentrated reagent shall be diluted with 3 vol-
umes of water.

Commercially available standard solutigns for
colorimetry or atomic absorption spectromgtry may
be used for the preparation of stock or stanglard sol-
utions.

5.1 Ammonium hydroxide, ¢(NH;) or ¢(NH,OH)
~ 5 mol/l.

5.2 Ammonium iron(ll) sulfate,
[(NH4)2F6(SO4)26H20]

5.3 Ascorbic acid (CsHgOg) 100 g/I solution, freshly
prepared.

5.4 Bathophenanthroline
(4,7-diphenyl-1,10-phenanthroline), solution,
C(C24H16N2) = 0,001 mO|/|
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5.5 Chloroform (CHCI).

5.6 Ethanol (C,H;0OH).

5.7 Hydrochloric acid (HCI), p = 1,19 g/ml.
5.8 Hydrochloric acid, diluted 1 + 24.

5.9 Perchloric acid (HCIO,), 600 g/l solution.

ISO 10136-5:1993(E)

ably of type 3.3. complying with the requirements in
ISO 3585.

Ordinary laboratory apparatus, and

6.1 Molecular absorption spectrophotometer, ca-
pable of measuring optical density at 533 nm.

6.2 Optical cells, 40 mm path length.

6.3 Flame atomic absorption spectrometer,

5.10
(CH,COONa.3H,0).

5.11 [ron, stock solution.

DissolMe 0,491 1 g of ammonium iron(ll) sulfate (5.2)
in watgr and add 10 ml of hydrochloric acid (5.7).
Transfdr the solution to a 1000 ml one-mark
volumdtric flask (6.6), make up to the mark and mix.

1 ml of this stock solution contains 100 ug of Fe,0s;.

5.12 Iron, standard solution, for MAS.

Using & one-mark pipette (6.9), transfer 10 ml of the
iron sfock solution (5.11) to a 1000 ml one-mark
volumdtric flask (6.6), make up to the mark with water
and mik.

The sglution shall be prepared immediately before
use.

1 ml df this standard solution contains 1,0%g of
Fe,0;.
5.13 |ron, standard solution, for FAAS.

Using & one-mark pipette (6.9), transfer 100 ml of the
iron sfock solution (5.11) to @ T 000 ml one-mark
volumagtric flask (6.6), make Upyto the mark with water
and mix.

1 ml ¢f this standard)-solution contains 10 pg of
Fe,Os.

5.14 Butan-3-ol [CH;(CH,);0H].

5.15 Lanthanum oxide (La,0,).

equipped with a line source for iron248,3 nm) and
with a gas supply and burner for anCair/pcetylene gas
mixture.

6.4 Beakers, of a suitable\capacity e.g. 100 ml and
250 ml, and complyingnwith the reduirements in
ISO 3819.

6.5 Conical flasks, of a suitable |capacity e.g.
100 ml, and <«complying with the requirements in
ISO 1773.

6.6 One-mark volumetric flasks, of ja suitable ca-
pacity; and complying with the reqguirements for
class A one-mark volumetric flasks in 1ISO 1042.

6.7 Separating funnels, of a suitablel capacity e.g.
150 ml.

6.8 Graduated pipettes, of a suitable| capacity, and
complying with the requirements for g¢lass A gradu-
ated pipettes in ISO 835-1, ISO 835-2 of ISO 835-3.

6.9 One-mark pipettes, of a suitablel capacity e.g.
10 ml, 50 ml and 100 mi, and complying with the re-
quirements for class A one-mark pipettgs in ISO 648.

6.10 Burettes, of a suitable capacity €.g. 10 ml, and
complying with the requirements for clgss A burettes
in 1ISO 385-2.

6.11 Balance, with a discrimination of{ 0,17 mg.

6.12 pH-meter, with glass and calorrjel electrodes,

5.16 Spectrochemical buffer solution.

Transfer 11,7 g of lanthanum oxide (5.15) to a
250 ml beaker (6.4), add 100 ml of hydrochloric acid
(5.7) and dissolve while heating gently. Cool, transfer
to a 1 000 ml one-mark volumetric flask (6.6), make
up to the mark with water and mix.

6 Apparatus

All laboratory glassware, except pipettes and
burettes, shall be made of borosilicate glass, prefer-

or combined electrodes.

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

“open” or “coarse” will have a porosity generally
used for filtering aluminium hydroxide;

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

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

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

8 Procedure

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

volumetric flask. Make up to the mark with ethanol
(5.6) and mix.

Measure the optical density of the sample measuring
solution at 533 nm (see 6.1) using 40 mm optical cells
(6.2), and also the blank test solution with the zero
member (see 3.6) as reference.

8.2.2 Preparation of the calibration graph

Using a burette (6.10) or a one-mark pipette (6.9),
transfer 0 ml, 2,50 ml, 5,00 ml, 8,00 ml, 15,00 m! and

8.1.1 Sample measuring solution

Using a onefmark pipette (6.9), transfer a 25 ml ali-
quot of the |extract solution to a beaker (6.4) and
acidify, undgr control of a pH-meter (6.12), with

20,00 ml volumes of the iron standard selution for
MAS (5.12) to separate 100 ml conical flasks (6.5).
Dilute each to about 25 ml, then proceed-as dgscribed
in 8.2.1.

Plot the optical densities against’ mass of [iron to

hydrochloric
3. Then hea
(6.13), filter t
of water into
ing, to about
a 25 ml one-

heid (5.8) to a pH-value of about 2,5 to
till boiling. Using an appropriate filter
he solution and wash with small volumes
another beaker (6.4). Evaporate, by bolil-
20 ml and cool. Transfer the solution to
mark volumetric flask (6.6) and rinse the

beaker with $mall portions of water to make up to the

mark.

8.1.2 Blank test solution

Prepare the

blank test solution using a volume of

water equal {o the volume of extract solution used to
prepare the §ample measuring solution.

8.2 Determination of iron by molecular

absorption

spectrometry

8.2.1 Measurement of the sample measuring

solution and

Transfer an 3
ple measurir
and containi
100 ml coni
about 25 ml
Add 5 ml of
bathophenan

the blank test solution

ccurately measured-volume of the sam-
g solution, prepared according to 8.1.1
ng not more than 20 pg of Fe,04 to a
cal flask (6.5), "Dilute, if necessary, to
and add¢«2,5 ml of perchloric acid (5.9).
ascorbicacid solution (5.3), 10 ml of
throline-" solution (5.4) and 05g of

sodium acet
Using a pH-
tween 4 and

te_trihydrate (5.10) and mix thoroughly.

6 by adding' ammonium hydroxide (5.1).

produce the calibration graph~These solutions
0ug, 2,5ug, 50 ug, 80 ugd. 15,0 ug and 20
iron(lll) oxide (Fe,O3), respectively.

8.3 Determiination of iron by flame ats
absorption‘spectrometry (FAAS)

8.3.1 ¢Measurement of the sample measur
solution and the blank test solution

Transfer an accurately measured volume of t
ple measuring solution, prepared according

and containing not more than 25 pg of Fe,(
50 ml one-mark volumetric flask (6.6). Add 12
the spectrochemical buffer solution (5.16) ang
of butan-1-ol (56.14), make up to the mark and

Adjust the flame atomic absorption spect
(6.3) to the optimum working conditions, acco
the operating manual, for measuremeg
248,3 nm using an air/acetylene gas mixture.

Spray the blank test solution into the flame

contain
0 ug of

bmic

ing

e sam-
o 8.1.1
D5, to a
5 ml of
2,5 ml
mix.

rometer

rding to
nts at

of the

spectrometer until a steady reading is obtaiped and

noted. Spray the sample measuring solutior
same way and repeat the sequence four mor
Calculate the mean values of the readings a
tract the blank value from the sample value.

in the
b times.
nd sub-

Cover the conical flask (6.5) and allow to stand for
20 min.

Transfer the solution to a 150 ml separating funnel
(6.7), add 5 ml of chloroform (5.5) and shake the mix-
ture vigorously for 30 s. Allow the layers to separate,
then run the lower layer of chloroform through a plug
of dry, glass wool held in a small filter funnel, into a
dry 25 ml one-mark volumetric flask (6.6). Add a fur-
ther 5 ml of chloroform to the solution in the separ-
ating funnel and repeat the extraction, collecting the
chloroform layer in the same 25 ml one-mark

8.3.2 Preparation of the calibration graph

Using a burette (6.10) or a one-mark pipette (6.9),
transfer 0 ml, 1,00 ml, 2,00 ml, 5,00 ml and 10,00 ml
volumes of the iron standard solution for FAAS (5.13)
to separate 100 ml one-mark volumetric flasks (6.6).
Add 25,00 ml of the spectrochemical buffer solution
(5.16) and 5 m! of butan-1-ol (5.14) to each one-mark
volumetric flask, make up to the marks and mix.
These solutions contain 0 pug, 0,1 ug, 0,2 ug, 0,5 ug
and 1,0 pg of iron(lll) oxide (Fe,O5) per millilitre, re-
spectively.
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Adjust the flame atomic absorption spectrometer
(6.3) exactly as in 8.3.1, then spray the series of cali-
bration solutions, in order of increasing iron concen-
tration, until steady readings are obtained. Repeat the
spraying sequence four more times, calculate the
mean values of the readings and plot the graph of
reading against iron concentration.

9 Expression of results

ISO 10136-5:1993(E)

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;

c) a reference to the hydrolytic resistance test

method used (see annex A) to produce the extract
solution;

Subtract the blank value from the value of the sample
measuring solution and determine the concentration
of iron(lll) oxide (Fe,Oj) from the calibration graph.
Calculate| its concentration first in the sample
measuring solution, then in the extract solution, and
express gs micrograms of Fe,O5 per millilitre of ex-
tract solution.

d) a reference to the method of measuréement used,
i.e. MAS or FAAS;

e) the results obtained, expressed as midrograms of
Fe,0; per millilitre of extract’solution;

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