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Steel — Determination of antimony content —
Electrothermal atomic absorption spectrometric

method

1 Scope

This Interhational Standard specifies an electrothermal
atomic absorption spectrometric method for the de-
terminatign of the antimony content in steel.

The method is applicable to antimony contents be-
tween 0,0005 % (m/m) and 0,010 % (m/m).

2 Normative references

The following standards contain provisions which,
through reference in this text, constitute. provisions
of this International Standard. At the‘time of publi-
cation, the editions indicated were valid. All standards
are subjgct to revision, and parties to agreements
based on| this International Standard are encouraged
to investigate the possibilityyof applying the most re-
cent editions of the~'standards indicated below.
of IEC and.,ISO maintain registers of cur-
Internatjonal Standards.

:1989; Selection and preparation of samples
and test pieces of wrought steels — Part 2: Samples

ISO 5725:1986, Precision of test meth
mination of repeatability and reprodl
standard test method by inter-laboratory

3 Principle

Dissolution of a test portion in hydrochl
acids and dilution of the solution to a kn

Introduction of a known volume of the
an electrothermal atomizer of an atom
spectrometer.

bds — Deter-
cibility for a
tests.

pric and nitric
own volume.

solution into
ic absorption

Measurement of the atomic absorption of the

217,6 nm spectral resonance line energ
an antimony lamp, using background co

Calibration by the standard additions teg

4 Reagents
During the analysis, unless otherwise st

reagents of recognized analytical grade 3
3 water as specified in ISO 3696.

4.1 Nitric acid, p about 1,40 g/ml.

y emitted by
rrection.

hnique.

hted, use only
nd only grade

for the determination of the chemical composition.

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

ISO 648:1977, Laboratory glassware — One-mark
pipettes.

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

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

4D Ll ] H M
4.2—Hydrochloricacid, pabout+15¢g

4.3 Orthophosphoric acid

1,71 g/ml.
4.4 Nitric acid, p about 1,40 g/ml, dilu

4.5 Antimony, standard solutions.

(H3PO4), p

ml.

about

ted 1+ 1.

4.5.1 Stock solution, corresponding to 1,0 g of Sb

per litre.

Weigh, to the nearest 0,1 mg, 0,100 g of the high
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purity
99,9 % (m/m)].
solve in 30 ml

antimony

metal [minimum purity
Transfer to a 100 ml beaker and dis-
of hydrochloric acid (4.2) and 5 ml of

nitric acid (4.1). Heat until it is completely dissolved
and boil gently to expel oxides of nitrogen. Cool and
transfer the solution quantitatively to a 100 ml one-

mark volumetri

ic flask. Dilute to the mark with nitric

acid (4.4) and mix. Store in a polyethylene bottle.

1 ml of this stock solution contains 1,0 mg of Sb.

© SO

5.3.2 Minimum precision (see A.2)

The minimum precision of the most concentrated
blank addition solution shall not exceed 10 % of the
mean absorbance of the same solution and the mini-
mum precision of the least concentrated blank addi-
tion solution (excluding solution B4) shall not exceed
4 % of the mean absorbance of the most concen-
trated blank addition solution.

5.3.3 Limit of detection (see A.3)

4.5.2 Standdrd solution, corresponding to 0,010 g

of Sb per litre.

Transfer 1,0 ml of the stock solution (4.5.1) to a
100 ml one-mark volumetric flask, dilute to the mark

with nitric acid
Prepare this sq

1 ml of this st§

(4.4) and mix.
lution immediately before use.

ndard solution contains 10 pg of Sb.

5 Apparatus

All volumetric glassware shall be grade A, in accord-

ance with ISO
priate.

Ordinary laborg

385-1, ISO 648 or ISO 1042, as appro-

tory apparatus, and

5.1 Micropipettes, of capacities 100 pl to 500 pl.

5.2 Autosa
capacities 10

5.3 Atomic
electrotherm

pler, equipped with micropipettes’ of
| to 50 pl.

absorption  spectrometer and
| atomizer, equipped’ with a back-

ground corrector and a high-spegdrecorder or com-
puterized readout.

The instrument shall be\/Capable of using single-

element hollo

cathode“or electrodeless discharge

lamps operatgd at \edrrents recommended by the
manufacturer gqf the'lamp and instrument.

The limit of detection of antimony shall be*less than
20 pg.

5.3.4 Graph linearity (see A.4)

The graph linearity shall not be.less than 0,9%.

6 Sampling

Carry out sampling in accordance with I1ISO B77-2 or
appropriate national standards for steel.

7 Procedure

7,1 Test portion

According to the expected antimony conten{, weigh,
to the nearest 0,1 mg, the following mass (i) of the
test portion:

a) for antimony contents between 0,0005|% (m/m)
and 0,0050 % (m/m): m =~ 1,00 g;

b) for antimony contents between 0,0050(% (m/m)
and 0,010 % (m/m): m ~ 0,25 g.

7.2 Blank test

In parallel with the determination and folloying the
same procedure, carry out a blank test using the same
guantities of all the reagents. The antimony| content

The atomic
electrothermal
after optimizati

absorption spectrometer and the
atomizer used will be satisfactory if,
on according to 7.3.4.2, they meet the

precision criteria given in 5.3.1 to 5.3.3.

It is also desira

ble that the instrument should conform

to the additional performance requirements given in

534.

5.3.1

Characteristic mass (see A.1)

The characteristic mass for antimony shall be less

than 25 pg.

H Py =l et + (T b a +
Htre—pramctest-sortton—Ssnoutd—benot-greater than

10 ppb.

7.3 Determination

7.3.1 Preparation of the test solution (see clause
10)

Place the test portion (7.1) in a 250 mi beaker. Add
5 ml of hydrochloric acid (4.2) and 5 ml of nitric acid
(4.1). Cover the beaker with a watch glass, heat gently
until the reaction ceases and boil for 1 min to remove
oxides of nitrogen.
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Allow the solution, which may contain carbides, to
cool. Add about 156 ml of water, filter through a
medium-texture filter paper and collect the filtrate in
a 200 ml one-mark volumetric flask. Wash the filter
paper several times with warm water and collect the
washings in the flask. Dilute to the mark with water
and mix.

7.3.2 Preparation of the test addition solutions

Introduce separate 20,0 mi aliquots of the test sol-

ISO 10698:1994(E)

solution (4.5.2) indicated in table 1. Dilute to the mark
with water and mix. These solutions are named Si,
S2. S3, S4 and Sg, respectively.

7.3.3 Preparation of the blank addition solutions

Introduce separate 20,0 ml aliquots of the blank sol-
ution (see 7.2) into another series of five 100 ml one-

mark volumetric flasks. Then add, wusing a
micropipette (5.1), the respective volumes of
antimony standard solution (4.5.2) indicated in

ution (sed 7.3.T) Into a series of 1ive T0U ml one-mark
volumetric flasks. Then add, using a micropipette

fable Z. Dilute To the mark with water, amd mix. These
solutions are named B4, By, Bz, Bjandg Bg, respect-

(5.1), the| respective volumes of antimony standard ively.
Table 1
Volume of antimony Co.ncentratlon of Corresponding mass of antimony added, ng
. antimony added in
standard solution the test additi .
Name of| the solution (4.5.2) added e test addition Volume injected
solutions
pl ng/ml| 10 ul 50 pl
Sy 0 0 0 0
S, 100 10 0.1 0.5
S3 200 20 0,2 1,0
Ss 400 40 04 2,0
Sg 500 50 0,5 2,5
Table 2

Volume of antimony
standard solution

Name of the solution (4.5.2) added

Concentration of
antimony added in
the blank addition

Corresponding mass of antimony added, ng

Volume injected

solutions
ul ng/ml 10 pl 50 ul
B4 0 0 0 0
B, 100 10 0.1 0,5
Bs 200 20 0,2 1,0
By 400 40 0.4 2,0
Bs 500 50 0,5 2,5



https://standardsiso.com/api/?name=4acce0dcbb979e9e276b29a9246f9fd6

ISO 10698:1994(E)

7.3.4 Measurement

7.3.4.1 Adjustment of atomic absorption
spectrometer

© SO

7.3.4.3 Spectrometric measurement

Using an autosampler (5.2), inject into the atomizer
the predetermined volume (see note 2) of the test
and blank addition solutions, in order of increasing in-
strument response.

See table 3.
NOTE 2  The volume injected into the atomizer should be
between 10 pl and 50 pl, depending on sensitivity, matrix
Table 3 interferences and range of linearity.

Element Characteristic Atomize each solution three times. Record the three
Type of Antimony  electrodeless  discharge  or readings by peak height measurements.\\Hank the
lamp tathode lamp values obtained in order of increasing numerigcal value
Wavelength | 217.6 nm (x; < x, < x3), decide whether the smallest (x}) or the
L [ ' ) largest (x3) is suspected to be an ©utlier apd apply
rear:?p cur- ollow manufacturer's recommendations Dixon's test:

Bandwidth Follow manufacturer's recommendations (03 = %) (x5 — 1)
Background | Antimony line 217,6 nm is close to iron
correction ine 217,8 nm. If the zero member gives or
hn absorbance comparable with the pre- —x)[ (3 =%
Cision of the least concentrated calibration 2 )G )
;;)clllfilroer(\j, background correction will be If the calculated ratio is lower than 0,970, average the
readings. [f‘greater than 0,970, reject the outlier and

7.3.4.2 Optirtizing the atomic absorption
spectrometer [settings and electrothermal
atomizer

Set the requirdd instrument parameters and align the
electrothermal [ atomizer according to the manufac-
turer's instructjons (see note 1).

NOTE 1  Optimum settings for the operating parameters
vary from instrument to instrument. Scale (expansion may
have to be used|to obtain the required readability.

Determine the| optimum electréthermal atomizer pa-
rameters for the particular type/of atomizer and sam-
ple volume, gs recommended by the instrument
manufacturer @r by folldowing normal laboratory prac-
tice.

Zero the instrymeént and set up the baseline on the

average the remaining two readings.

Check-the instrument for memory effects, eppecially
athigh analyte levels, by running the blank fifing pro-
gramme. Reset the baseline to zero if necessary. Re-
cord all the readings by peak height measufements
for the determination.

7.3.5 Plotting of the additions graphs (se
note 3)

14

Calculate the average of three instrument reaglings for
each of the blank addition solutions (solutiong B).

Plot the average instrument reading against the mass
of antimony added, expressed in nanogramg, in the
blank addition solutions.

Calculate the average of three instrument reaglings for
each of the test addition solutions (solutions B).

recorder.

Check the zero stability and lack of spectral interfer-
ence within the atomization system by running the
pre-set heating programme for blank firing of the
graphite atomizer. Repeat to ensure baseline stability.

Condition new graphite tubes prior to analytical use
by firing at least twice.

Evaluate the criteria of 5.3.1 to 5.3.3 and the addi-
tional performance requirements of 5.3.4, to ensure
that the instrument is suitable for the determination.

Plot the average instrument reading against the mass
of antimony added, expressed in nanograms, in the
test addition solutions.

NOTE 3 In this method, any non-specific absorption ef-
fect is eliminated by background correction of the instru-
ment.

Antimony may be present in the reagents. As the blank test
is incorporated in the additions graph, this may not pass
through the origin.

The standard additions graphs for the blank and the sample
should be parallel.
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8 Expression of results

8.1 Method of calculation

Determine the masses of antimony in the test and
blank addition solutions, mgy, ; and msy, o, expressed in
nanograms, as the two intercepts on the mass axis
by extrapolating the resulting straight lines in the two
additions graphs (see 7.3.5). The difference

(me,1 — Nf , i . '
the test gddition solution (solution Sy).

The net mass of antimony, mg;,, can also be calculated
using theg least-square-fit method applied to the two
straight ljnes, the blank addition solutions (solutions
B) and thp test addition solutions (solutions S).

The equaltion of the straight line is

y=a+ bm
where

a and b gre two constants that correspond respect-
ively to the intercept on the y-axis and the slope of the
straight lihe. Calculate b and a using the least-square-
fit methof as follows:

1> my; = Zmizzyf
S (o)

- (-5

The intercept on the x-axis ‘with the straight line of
slope b id (— a/b), therefore

Msp, 1| = %1)1 (Z)’i - b1zmi)
”'Sb,0=_n;,c (Z}’i - bOZmi)

ISO 10698:1994(E)

i is the absorbance corresponding to the
test or blank addition solutions;

mgy 1 is the mass, expressed in nanograms, of
antimony obtained, from the test addition
solutions;

mspo is the mass, expressed in nanograms, of
antimony obtained, from the blank addition
solutions.

,,,,, as a percent-

V,x10° v,
Mgy, X V. XT/—
Wgp = ! 5 2~ x 100
mx 10
103y 200 2
_ b V4 *720 10 _ Mgy % 0,1
mx 10° m.x V,

where

msy* is the mass expressed in rjanograms, of
antimony, in the test addition solution
(Sq);

Vi is the volume injected, in mjcrolitres, of a
series of test addition solutians and of the
blank addition solutions (seq tables 1 and
2),

Vs is the volume, in millilitres, jof a series of
test addition solutions and plank addition
solutions (see 7.3.2 and 7.3.8);

V3 is the volume, in millilitres, |of the aliquot
of the test and blank solutigns (see 7.3.2
and 7.3.3);

V4 is the volume, in millilitres, df the test and

blank solutions (see 7.3.1);

m is the mass, in grams, of the test portion
(see 7.1).

Mgy = Mgy, 1 — Mgp 0

where
b is the coefficient of regression;
n is the number of the solutions analysed;
a is the intercept on the y-axis;
m; is the mass, expressed in nanograms, of

antimony added, in the test or blank addi-
tion solutions;

8.2 Precision

A planned trial of this method was carried out by
18 laboratories, using seven levels of antimony con-
tents, each laboratory making three determinations
of antimony at each level (see notes 4 and 5).

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

The results obtained were treated statistically in ac-
cordance with 1ISO 5725.
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The data obtained showed a logarithmic relationship
between antimony content and repeatability (r) and
reproducibility (R and R,) of the test results (see
note 6), as summarized in table 4. The graphical rep-
resentation of the data is shown in figure C.1.

NOTES

4 Two of the three determinations were carried out under
repeatability conditions as defined in ISO 5725, i.e. one op-
erator, same apparatus, identical operating conditions, same
calibration and a minimum period of time.

© |SO

Proceed as specified in the second paragraph of
7.3.1.

Carry out a separate blank test (7.2) corresponding to
this procedure.

10 Notes on procedure

Because of the high sensitivity of electrothermal
atomic absorption, stringent precautions shall be
taken to clean all glassware and to avoid contami-

5 The third determination was carried out at a different
time (on the different day) by the same operator as in
note 4, using th¢ same apparatus with a new calibration.

6 From the redults obtained on day 1, the repeatability (r)
and reproducibility (R) were calculated using the procedure
specified in 1ISQ 5725. From the first result obtained on
day 1 and the repult obtained on day 2, the within-laboratory
reproducibility (R,,) was calculated.

9 Special ¢ases

Use the following procedure for test portions con-
taining tungsten and/or niobium.

Introduce the {est portion (7.1) into a 100 ml beaker.
Add 1 ml of |orthophosphoric acid (4.3), 15 ml of
hydrochloric ag¢id (4.2) and 5 ml of nitric acid (4.1).

Cover the beal

er with a watch glass and heat gently.

until the reactipn ceases. Evaporate the solution tilka

volume of 2 m
nitric acid (4.4

to 3 ml is reached, then add 25 ml of
and boil for 1 min to remove,_oxides

nation of sample, standard and calibration jolutions
from foreign material and dust from the_lakofatory at-
mosphere.

11 Test report
The test report shall include the following infdrmation:

a) all information negessary for the identifi¢ation of
the sample, the laboratory and the date pf analy-
sis;

b) the method used by reference to this Intefnational
Standard;

c) 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 Intefnational
Standard, or any optional operation whjch may

of nitrogen. have influenced the results.
Table 4
Antimony content Repeatability Reproducibility
% (lm) r R R,
0,00p 5 0,000 20 0,000 35 0,000 18
0,001 O 0,000 28 0,000 54 0,000 27
0,00p ‘0 0,000 41 0,000 83 0,000 41
0,0050 0,000 65 0,001 5 0,000 71
0,0100 0,000 92 0,002 2 0,001 1
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Annex A
(normative)

Procedures for the determination of instrumental criteria

For the preparation of standard methods of analysis

using elegq ; JOn solutions res

the value$ for instrumental criteria should be decided
from interlaboratory test results, by the working group
in charge,

A.1 Determination of characteristic

mass, 7},

Prepare alsolution with the same matrix concentration
as the blahk solution, but with the element of interest
at the follpwing known concentration:

p ng/ml to give an absorbance A of approximately
0,1 at p predetermined injection volume.

Inject intq the atomizer a predetermined volume of
this solutipn and then the same volume of the blank,
without [scale expansion, and measure the
absorbandes A and A,,.

The charafteristic mass, m,, is given by the eguation
b x 0,004 4 x V,

The standard deviations s, and sg of the most and

obtained from the equations

\/E (An; — An)?
A=V T 9

\/z (Ag; — Ag)*
BENT o

The minimum precisions of the most a
centrated _addition solutions are ob

sp x 100/43'and sg x 100/A,, respectively]

A.3“Determination of limit of ¢
mmin

Prepare two solutions each containing t
trix concentration as the blank solution,
element of interest at the following kn
trations:

— p’ ng/ml to give an absorbance A of 4
0,01 at a predetermined injection vol

— matrix blank to give an absorbance Ay.

Inject into the atomizer the predetermin
the solution of concentration p’ ng/ml 4
solution, 10 times each, using sufficient
sion to make the fluctuations in signal cl

Obtain the mean absorbance readings A

bpectively are

nd least con-
tained from

letection,

he same ma-
but with the
bwn concen-

pproximately
ime;

bd volume of
nd the blank
scale expan-
early visible.

and A,.

The standard deviation s,. is given by theg

equation

T A4,
where
Vi is the injected\volume expressed in
microlitres, of~the solution, with concen-
tration p ng/ml;
Ay is the absorbance of the blank solution.
A.2 Determination of minimum
precision

Inject into the atomizer the predetermined volume of
the most concentrated addition solution 10 times to
obtain 10 individual absorbance readings A,; and cal-
culate the mean value A,.

Inject into the atomizer the same volume of the least
concentrated addition solution (excluding the zero
member) 10 times to obtain 10 individual absorbance
readings Ag; and calculate the mean value Ag.

Sy =
where
A’; is the individual measured
reading;
A’ is the mean value of A’;.

absorbance
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The limit of detection m,;,, in picograms, is given by
the equation

P xVyxsyxk

Megin = A — Zo
where
Vi is the volume expressed in microlitres, of
the solution injected;
k is narmally taken as 2

© |SO

A.4.1 Linearity of the blank additions graph

Having established the blank additions graph, the
value of the slope of the graph covering the top
20 % of the mass range, B4 to Bg (expressed as a
change in absorbance), should not be less than 0,95
times the value of the slope of the bottom 20 % of
the mass range, B¢ to By (expressed as a change in
absorbance) (see figure A.1).

A.4.2 linearity of the test additions graph

A.4 Criterjon for graph linearity

In the case qf the standard additions method, the
graph linearity[(As/Ag) should be checked by following
the procedure|described in A.4.1 and A.4.2, and shall
not be less than 0,95.

Having established the test additions graph, the value
of the slope of the graph covering the'top 20|% of the
mass range, S4 to Sg (expressedlds a change in
absorbance), should not be lesscthan 0,95 tmes the
value of the slope of the bottom 20 % of the mass
range, S to Sp (expressedas a change in abdorbance)
(see figure A.2).

0.4 I

2 =
<

-
(]
e
o
fa]
o
o
w0
0
[=]

-oa -
=z
3
<

o 1 1
B+ B2 Bs By Bs
20% Mass scale " 20%
Bottom 20 % of Top 20 % of

the mass range

the mass range

1) Mass of antimony, expressed in nanograms, in the injected blank solution.

Figure A.1 — Blank additions graph
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A.4.3.1

Preparation of the solution:for checking

the graph linearity of the entire mass range

Obtain th
expresse(
figure A.2
by extrap
mass of 3

Introduce
ution inta

e predetermined mass’/of antimony, mgy,,,
in nanograms,~in~the test solution. In
the intercept<on-the mass axis, obtained

plating the résulting straight line, gives the

ntimony.

separate 20,0 ml aliquots of the blank sol-
four 100 ml one-mark volumetric flasks,

then res

ctively add using 3 micraninette tha fal
\/ 7 g PAHCFOpHpette—the—o

1) Mass of antimony, expressed in nanograms, in the injected%est solution.

Figure A.2 — Test additions graph

Solution Cy:

where
V1

Mgp x

me,y

Top 20 % of
the mass range

[(mspx x 10°1V;) + msp,

698:1994(E)

[ x 103]

10

is the injected volume, in mig

is the predetermined mass o
nanograms (this value is p
nearest multiple of 5);

is the mass of antimony, in
100 ml of the most concent

(in tables 1 or 2, mg,, =5 ugl.

rolitres;

antimony, in
referably the

icrograms, in
ated solution

lowing vo
solutions.

lumes, in microlitres, of antimony standard

Solution C,4: 0

Solution C,:

Solution Cj:

[(mspx x 10°1V;) + mgy,, x 10%] x 1/6

10
[(mspx x 10%1V;) + msp,, x 10°] x 4/5

10

Dilute to the mark with water and mix.

A.4.3.2 Plotting the additions graph

Atomize these solutions (Cq to Cy4) respectively as in-
dicated in 7.3.4 and obtain the three instrument

readings.

Calculate the average of these three instrument
readings for four solutions.
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Plot the average instrument reading against the mass
of antimony, expressed in nanograms (see
figure A.3).

A.4.3.3 Confirmation of the linearity of the graph

In the graph in figure A.3, throughout the entire mass
range, the value of the slope of the graph covering the
top 20 % of the mass range, C3 to Cy4 (expressed as
a change in absorbance), should not be less than 0,95

© |SO

times the value of the slope of the bottom 20 % of
the mass range, Cq to C, (expressed as a change in
absorbance).

When the linearity is less than 0,95 times this slope,
the volume injected into the atomizer should be
controlled to fulfil the figure mentioned above. If the
volume injected is as low as 10 pl, the volumes of the
antimony standard solution added to the test and
blank addition solutions (see table 1 or 2) should be

decreased.
0.4

<

<
()
o
[
=] -
Fa)
o

o
wn
fal
o
@
=z

o~

[+

<

O 1 1
C1 C2 C3 Cy
20% Mass scale " 20%
Bottom 20.% of Top 20 % of
the mass.range the mass range
1) Mass of aatimony, expressed in nanograms, in the injected blank solution and
the test sélution of predetermined mass of antimony.
Figure A.3 — Graph throughout the entire mass range
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