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INTERNATIONAL STANDARD

ISO 10697-1:1992(E)

Steel — Determination of calcium content by flame atomic

absorption spectrometry —

Part 1.

Determination of acid-soluble calcium content

1 Scope

This part of ISO 10697 specifies a flame atomic ab-
sorption spectrometric method for the determination
of acid-soluble calcium content in steel.

The method is applicable to calcium contents be-
tween 0,0005 % {m/m) and 0,003 % (m/m).

2 WNormative references

The following standards conlain provisions which,
through reference in this text, constitute provisions
of this part of ISO 10697. 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 IS0 10697 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
international Standards. :

1SO 377-2:1989, Selection and preparation of samples
and test pieces of wrought steels — Part 2: Samples
for the determination of the chemical compaosition.

ISO 385-1:1984, Laboratory glassware — Bureltes —
Part 1: General requirements.

ISO B48:1977. Laborafory glassware — One-mark
pipettes. .

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

1S0 3686:1987, Water for analytical laboratory use —
Specification and test methods.

ISO 57251986, Precision of test methods — Determi-
nation of repeatability and reproducibility for a stan-
dard test method by inter-laboratory tests.

3 Definitlon

For the purposes of this part of iIS80 10887, the fol-
fowing definition applies.

31 Acid-soluble calcium: Calcium dissolved in the
acids specified in 8.3.1.

4 Principle

Dissolution of a test portion in hydrochloric and
nitric acids.

Addition of potassium chloride/lanthanum nitrate
solution as a specirochemical buffer.

Spraying of the solution into a dinitrogen monoxide-
acetylene flame.

Spectrometric measurement of the atomic absorp-
tion of the 4227 nm spectral line emilted by a
calcium hollow cathode lamp.

5 Reagents

During the analysis, unless otherwise stated, use
only reagents of recognized analytical grade having
very low calcium contents and only grade 2 water
as specified in 180 3696

5.1 Pure lron, containing less than 0,000 1% {m/m)
calcium,

5.2 Suitable solvent, for
dichloromethane.

example acetone or
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5.3 Hydrochloric acid, p about 1,19 g/ml, diluted
+1.

5.4 Hydrochloric acid, p about 1,19 g/ml, diluted
1+ 2.

55 Nitric acld, » about 1,40 g/ml.

5.6 Potassium chioride/lanthanum nitrate, solulion.

Dissolve 9534 g of potassium chloride (KC1) and
62,359 of lanthanum nitrale hexahydrate
[La(NO,),.6H,0] in water, dilute to 1 000 mi and mix.

5.7 Calclum, standard solutions.

5.7.1 Stock solution, corresponding to 100 mg of
Ca per litre,

Dry several grams of calcium carbonale [purity
> 995 % (m/m)] in an air oven at 100 °C for at least
1 h and cool to room temperature in a desiccator.
Weigh 0,249 7 g of the dried product intc a 400 ml
beaker, cover with a watch-glass and add 5 mil of
hydrochloric acid {5.3) to dissolve. Cool and transfer
the solution to a 1 000 ml one-mark volurmetric flask,
dilute to the mark with water and mix. '

1 ml of this stock solution contains 100 pg of Ca.
5.7.2 Standard solution, corresponding to 10 mg of
Ca per litre.

Transfer 10,0 ml of the stock soiution {3.7.1) into a
100 ml one-mark volumetric flask and add 5 ml of
hydrochloric acid {p about 1,19 g/ml, diluted 1 4+ 10).
Dilute to the mark with water and mix,

Prepare this standard solution immediately before
use,

1 ml of this standard solution contains 10 pg of Ca.

6 Apparatus

All volumetric glassware shall be class A, in ac-
cordance with I1SO 385-1, ISO 648 or IS0 1042, as
appropriate.

Ordinary laboratory apparatus, and

6.1 Fllter medla, 0,22 ym pore size, 47 mm diam-
eter celivlose-acetate filter.

6.2 Suction apparatus, i.e. a clean emply flask
placed between the suction device and filtering flask
to prevent any back suction and contamination.

6.3 Atomic absorption spectrometer, equipped with
a calcium hollow cathode lamp and supplied with
dinitrogen monoxide and acetylene sufficiently pure
{o give a steady clear fuel-lean flame, free from wa-
ter and oil. and free from calcium.

The atomic absorption spectrometer used will be
satisfactory if after optimization according to 8.3.5,
the limit of detection and characteristic ctoncen-
tration are in reasonable agreement wilh the values
given by the manufacturer and if it meets the pre-
cision crileria given in 6.3.1 to 3.3,

It is also desirable that the instrument shouid con-
form to the additional performance requirements
given in 6.3.4.

6.3.1 Mintmum precision (see A 1)

Calculale the standard deviation of 10 measure-
menls of the absorbance of the most concentrated
calibration solution. The standard deviation shall not
exceed 1.5 % of the mean absorbance.

Calculate the standard deviation of 10 measure-
ments of ihe absorbance of the least concentrated
calibration sofution (excluding the zero member).
The standard deviafion shall not exceed 0.9 % of the
mean absorbance of the most concentraled cali-
bration solution.

6.3.2 Limit of detectlon (see A.2)

This is deflined as twice the standard deviation of 10
measurements of the absorbance of a solution con-
taining the appropriale element at a concentration
leve! selected lo give an absorbance just above that
of the zero member,

The limit of detection of cajcium in a matrix simitar
to the final les! portion solution shall be better than
0,02 ug of Ca per millititre.

6.3.3 Graph linearity {see A.3)

The slope of the calibration graph covering the top
20 % ol the concentration range {expressed as a
change in absorbance) shall not be iess than
0,7 times the vaiue of the slope for the bottom 20 %
of the concentration range (expressed as a change
in absorbance) determined in the same way.,

For instruments with automatic calibration using two
or more standards, it shall be established prior to
the analysis, by obtaining absorbance readings, that
the above requirements for graph linearity are ful-
filled.

§.3.4 Characteristic concentration (see A 4)

The characteristic concentration of calcium in a
matrix similar to the final test portion solution shall
be better than 0.05 ng of Ca per millilitre.



6.4 Anciliary equipment

A strip chart recorder and/or digitat readout device
is recommended to evaluate the criteria of 6.3 and
for all subseguent measurements. '

Scale expansion can be used until the noise ob-
served is greater than the read-out error and is al-
ways recommended for absorbances below 0.1, If
scale expansion has to be used and the instrument
does not have the means to read the value of the
scale expansion factor, the value can be calculated
by measuring the absorbances of a suitable solution
with and without scale expansion, and simply div-
iding the signal obtained.

7 Sampling

Carry out sampling in accordance with 150 377-2 or
appropriate national standards for steel.

8 Procedure

Al glassware shall first be washed in hydrochioric
acid (5.3), then in waler. The quantily of calcium
present in the glassware can be checked by meas-
uring the absorption of waler introduced into the
glassware after washing with acid.

For each series of blank, calibration and samples,
all reagents, including water, shaltl be from the same
batch.

8.1 Test portion

Wash the test sample in a svitable solvent {5.2) and
dry.

Weigh, to the nearest 0001 g, approximalely 20 g
of the test sample.

8.2 Blank test

Parallel with the determination and following the
same procedure, carry out a blank lest using the
same gquantities of all the reagents used for the test
portion.

8.3 Determination

8.3.1 Preparation of the test solution

Place the test portion {8.1) in a 250 ml beaker. Add
20 ml of hydrochloric acid (5.3). cover ithe beaker
with a watch-glass and heal gently untit solvent ac-
tion ceases. Add 2 mi of nitric acid {5.5). Simmer the
solution for 5 min to remove oxides of nitrogen.
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8.3.2 Filtration of the test solution

After placing a filter {6.1) in the suclion apparatus
(6.2} and flask, wash several times with warm
hydrochloric acid (5.4} and then warm water. Dis-
card the washings from the flask prior to filtration.

Filter the warm solution (below about 75 °C) through
the filter (6.1) using the suction apparatus (6.2) and
collect the filtrate in a clean flask. Rinse the beaker
with 2 small volume of water. Remove adherent
partictes with a clean rubber-tipped rod and transfer
through the filter by rinsing with small volumes of
water. Wash the beaker and filter several times with
a small volume of water.

Cool and transfer the fillrale at room temperature
inte a 100 ml one-mark volumetric flask. Add
10,0 ml of potassium chloride/lanthanum nitrate sot-
ution (5.6). Dilute to the mark with water and mix.

8.3.3 Preparation of the callbration solutions

Place 2,00 g + 001 g of the pure iron (5.1) in a se-
ries of seven 250 ml beakers. Add 20ml| of
hydrochloric acid {5.3) to each beaker, cover each
with a watch-glass and heat until solvent action
ceases. Add 2 ml of nitric acid {5.5). Simmer the
solution for 5 min to remove oxides of nitrogen.

Using the burette, add the volumes of calcium stan-
dard solulion (5.7.2) as indicated in table 1.

Proceed as specified in 8.3.2.

8.3.4 Adjustment of atomic absorption

spectrometer
See table 2.
Table 1
Corresponding
Volume of calcium Corresponding
concentration of
standard solution content of calchum
caicium in Snal
{5.7.2} test solution in test sample
ml wgfmi % (mjm}
on 0 L]
1,0 0,1 00005
20 02 0,001 0
4.0 04 00020
8,0 0.6 0,003 0
8,0 08 0,004 D
10,0 1,0 Q005 ¢
1) Zero member
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Flame

famp current

Bandwidth

Background correcticn

Table 2
Element Characteristic
Type of tamp Caicium hollow cathode
Wavelangth 4227 nm

Dinitrogen monoxide-acetylene red-feather flame

The height of the red-feather flame shalf be 10 mm to 20 mm adjusted
for maximum calctum response

Follow manufacturer's recommendations

Follow manufacturer’'s recommendations. If no recommendalion (s
given, a bandwidth between 0.2 nm and 1,0 nm is suggested

If the zerc member gives an absorbance comparable with the pre-
cision of the teast concentrated calibration sofution, background cor-
rection may be required

of tinted glass;

WARNING — The manufacturer’'s recommendations should be closely followed
and particular attention is drawn to the following safety points:

a) the explosive nature of acetylene, and regulations concerning its use;

b} the need to shield the eyes of the operator from ultraviolet radiation by means

¢) the need to keep the burner head clear of deposits because a badly clogged

burner may cause a flashback;

bration sofutions.

d) the need to ensure that the liquid trap Is filled with water;

e) always spray water between the test solutions, blank solution and/or cali-

8.3.5 Optimizing the atomic abhsorption
spectrometer settings

Follow the manufacturer’s instructions for preparing
the instrument for use.

When the current to the lamp, the wavelength and
the flow of gas have been adjusted and the burner
lit, spray water until the indication has stabilized.

Set the absorbance value to zero using water.

Choose a damping setting or integration time to give
a signal steady enough to fulfil the precision criteria
of 6.3.1t0 633 .

Agjust the flame to be non-luminous and oxidizing
with an approximate 10 mm to 20 mm of red feather.
Spraying alternately the calibration solution of high-
est concentration and the zero member (see
table 1), adjust the gas flow and burner position
{horizontally, vertically and rotationally) until the
difference in absorbance between the calibration

sotlution is al a maximum. Check that the
spectrometer is set accurately on the reguired
wavelength.

Evaluate the criteria of 63.1 to 6.3.3 and the ad-
ditional perfarmance requirement of 6 3.4, to ensure
that the instrument is suitable for the determination.

8.3.6 Spectrometric measurements

Set the scale expansion so that the calibration sol-
ution of highest concentration gives nearly full scale
deflection. Spray the calibration solutions in as-
cending order repeatedly until each gives the
specified precision, thus showing that the instrument
has achieved stability. Select two calibration sol-
vtions, one having an ahsorbance jusl lower than
the test poriion solution and one just higher. Spray
these first in ascending order, then in descending
order, with the test solution as the middle solution,
in each case measuring the absorption in relation to
water.



Spray the complete range of calibration solutions,
including the zero member again in ascending and
descending order. The means of the last ascending
and descending series of calibration solutions are
used for lhe calibration graph.

It is recognized that these procedures cannot be
foliowed with automatic instruments which accept
two calibration solutions only. In this case, it is sug-
gested that the two “sandwiching” solulions should
not be used for the primary calibration bul shouid
be analysed alternately with the test sotution.

Spray calibration solutions at frequent intervals
during the measurement of a batch of determi-
nations. Clean the burner if the resuits show loss of
precision caused by clogging.

Obiain the mean absorbance of each calibration
solution,

Obtain the mean absorbance of the test solution and
the mean absorbance of the blank sotution.

8.4 Plotting the calibration graph

(t is necessary to prepare a new calibration graph
for each series of determinations.

If pure metals and reagents have been used, the
biank test and zero member should give very small
absorbance readings with a negligibly small differ-
ence. In this case, prepare a calibration graph by
piotting the mean absorbance values of the cali-
bration selutions against micrograms of calcium per
mitlilitre.

if, however, the zero member has a significant
absorbance, a more complicated procedure is te-
guired. In this case, the concentration of calcium
Pcaz in the zero member can be calculated using the
formula

A,
Pcaz = Pcacrt X "
ACa.c! - Az
where

Pcact i the concentration of calcium, ex-
pressed in micrograms per millilitre,
added to the first calibration solution;

A, is the absorbance of the zero member;

Acac1 18 the absorbance of the first calibration
solution.
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The derived value pe, , is then added to each of the
nominal calibration concenirations in order 1o obtain
a mean calibration graph passing through the origin.

Refer the absorbances of two adjacent calibration
solutions to the graph. Il these two calibration
readings do not deviale from the graph by more than
\he permitted precision criteria. then the test sol-
ution reading is also acceptable.

9 Expression of results

9.1 Method of calculation

Convert the absorbances of the test solution and the
blank solution 1o micrograms of calcium per millilitre
by reference to the calibration graph (8.4).

The calcium content w,,. expressed as a percentage
by mass, is given by the equation

B (Pean— f‘Ca,o) x 100 » 100

Wey =
: 10° m
_ fcar— Pcap
a 100
where

Peag I8 the concentration, expressed in micro-
grams per millilitre, of calcium in the
biank test {8.2});

rcar 1S the conceniration, expressed in micro-
grams per millilitre, of calcium in the test
solution (see 8.3.2).

i is the mass, in grams, of the test portion
(8.1).

9.2 Precision

A planned trial of this method was carried out by 12
(aboratories. All laboratories made three determi-
nations for acid-soluble calcium on eath of the lest
samples {see notes 1 and 2).

The tes! samples used are listed in table B.1.

The results obtained were treated statislically in ac-
cordance with SO 5725,

The data oblained showed a logarithmic relationship
between calcium content and repeatability {r) and
reproducibility (R and R,) of the test resulls {see
note 3), as summarized in table3. The graphical
representation of the data is shown in ligure C1.
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Table 3

Calcium

content Repeatabllity Reproducibillty

Yo {mim) r R R,

00005 0,000 18 0,000 23 0,000 20

0,001 & 0,000 21 0,000 34 0,000 30

0,002 0 0,000 25 0,000 43 0,000 45

0,003 0 0,000 28 0,000 52 0.000 85
NOTES

1 Two of the three determinations were carried out un-
der repeatability conditions as defined in 1SO 5725, i.e.
one oparator, same apparatus, identical operating condi-
tions, same calibration, and a minimum period of time,

2 The third determination was carried out at a different
time (on a different day) by the same operator as in
note 1 using the same apparatus with a new calibration.

3 From the results obtained on day 1, the repealability
{r) and reproducibility (R) were cafculated using the pro-
cedure specified in 1SO 5725. From the first result ob-

tained on day 1 and the result obtained on day 2, the
wilhin-laboratory reproducibility {R,) was calculated.

10 Test report

The test report shall include the following informa-
tion:

a) all information necessary for the identification of
the sample, the laboratory and the date of
analysis,

b) the method used by reference io this part of
ISO 10897;

¢} the results. and the form in which they are ex-
pressed;

d) any unusual features noted during the determi-
nation;

e} any operation not specified in this pan of
iSO 10697, or any optional operation which may
have influenced the results.
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Annex A
(normative)

Procedures for the determination of instrumental criteria

For the preparation of standard methods of analysis
using flame alomic absorption spectrometry, the
values for the instrumental criteria should be de-
cided from inler-taboratory test results. by the
working group in charge.

A1 Determination of minimum precision

Spray the most concentrated calibration sotution
10 times to oblain 10 individual absorbance readings
A, and calcutate the mean value Aa

Spray the least concentrated calibration solution
{excluding the zero member) 10 times to obtain 10
individual absorbance readings Ag, and caiculale
the mean value Ap.

The standard deviations s, and sz of the most and
least concentrated calibration solutions respectively
are obtained from the equations

E(Am - ZA)z
= [ ——-—9~———

}'_'(ABF - XE)E
=g

The minimum precisions of the most and least con-
centrated calibration solulions are obtained from
$a X 100/A4, and sg x 100/4,.

A.2 Determination of limit of detection,

pCa,min

Prepare two solutions each containing the same
matrix concentration as the sample sofution, but
with the element of interest at the following known
concentrations:

~ p'cs ng/ml to give an absorbance A’ of approxi-
mately 0,01,

— matrix blank to give an absorbance A,.

Spray the p’c, solution and blark solution 10 times
each. recording each reading for about 10 s, and
using sufficient scale expansion to make the fluctu-
ations in signal clearly visible.

Obtain the mean absorbance readings A’ and A,

The standard deviation s, is given by the equation

Z(Ai'!_ _ /’,‘“;)2
.TA. = g -
where
A’ is the individual measured absorbance
reading;
A is the mean value of A4',

The §imit of delection pe, min 1S given by the equation
PloaX sy Xk

ficamn = ;t-' _ ;1'-0

(k is normally taken as 2)

A.3 Criterion for graph linearity

Having established the calibration graph (see
figure A 1), before the application of any curve-
straightening device, obtain the nel absorbance
value A, corresponding io the top 20 % of the con-
centration range and the nel absorbance Ag corre-
sponding 1o the bottom 20 % of the concentration
range. Calculate AxfAg. This must not be less than
0,7.
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Figure A1 — Calibration graph

A.4 Determination of characteristic
concentration, pc,

Prepare a solution coniaining the same matrix con-
centration as the sample solution, but with the efe-
ment of interest at the following known
concentration:

Pcas HG/mM! to give an absorbance A of approxi-
mately 0,1.

Spray the p., and the blank solutions without scale
expansion and measure the absorbances A and A,
The characteristic concentration pc,, i5 given by the
equation

Pea X 0.004 4

Pcak ™ A — A,
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Additional information on the international co-operative tests

Table 3 was derived from the results of international
analytical trials carried out in 1988 on five steel

samples in nine countries involving 12 ‘aboratories.

representation of the precision data is given in an-
nex C.

The test samples used are listed in table B.1.

The results of the trials were reported in document
ISO/TC 17/SC 1 N 825, March 1880, The graphical

Table B.1
Acid-soluble calcivm contenl
% [mom)
Sample
Found
Certified _ -
Weyt Wiz
IS5 168-4 {mild steeal] 0000 6 0,000 48 0,000 49
J55 169-5 (mild steel) 0001 2 0,001 06 4,001 09
JSS 1715 {mild steef) o002 8 £,002 64 0,002 70
ECRM 088-1 (mild steel) nooz 1 0.002 24 0,002 37
sandvik [stainless sleet} 0,001 0,001 43 0,001 47

Wiy 1 - Generat mean within a day

Weaz | @eneral mean between days

1} Non-certihed value,
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Annex C
(informative)

Graphical representation of precision data
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Figure C.1 — Logarithmic relationship between acid-soluble calcium content (iv;,) and repeatability (r) or
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reproducibllity (R andR,)



