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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. Esch 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. 

Draft International Standards adopted by the technical committees are 
circulated to the member bodies for voting. Publication as an International 
Standard requires approval by at least 75 % of the member bodies casting 
a vote. 

International Standard ISO 10698 was prepared by Technical Committee 
!SO/TC 17, Steel, Subcommittee SC 1, Methods of determination of 
Chemical composition. 

Annex A forms an integral part of this International Standard. Annexes B 
and C are for information only. 
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INTERNATIONAL STANDARD 0 ISO ISO 10698:1994(E) 

Steel - Determination of antimony content - 
Electrothermal atomic absorption spectrometric 
method 

1 Scope 

This International Standard specifies an electrothermal 
atomic absorption spectrometric method for the de- 
termination 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 subject to revision, and Parties to agreements 
based on this International Standard are encouraged 
to investigate the possibility of applying the most re- 
cent editions of the Standards indicated below. 
Members of IEC and ISO maintain registers of cur- 
rently valid International Standards. 

ISO 377-2: 1989, Selection and preparation of samples 
and test pieces of wrought steels - Part 2: Samples 
for the determination of the Chemical composition. 

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

ISO 648:1977, Laborstory glassware - One-mark 
pipettes. 

ISO 1042: 1983, Laborstory glassware - One-mark 
volume tric flasks. 

ISO 3696: 1987, Water for analytical laboratory use - 
Specifica tion and test methods. 

ISO 57251986, Precision of test methods - Deter- 
mina tion o f repeatability and reproducibility for a 
Standard test method by inter-laboratory tests. 

3 Principle 

Dissolution of a test Portion in hydrochloric and nitric 
acids and dilution of the Solution to a known volume. 

Introduction of a known volume of the Solution into 
an electrothermal atomizer of an atomic absorption 
spectrometer. 

Measurement of the atomic absorption of the 
217,6 nm spectral resonance line energy emitted by 
an antimony lamp, using background correction. 

Calibration by the Standard additions technique. 

4 Reagents 

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

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

4.2 Hydrochlorit acid, p about 1,19 g/ml. 

4.3 Orthophosphoric acid (H,PO,), p about 
1,71 g/ml. 

4.4 Nitrit acid, p about 1,40 g/ml, diluted 1 + 1. 

4.5 Antimony, Standard solutions. 

45.1 Stock soiution, corresponding to 1,O g of Sb 
per litre. 

Weigh, to the nearest 0,l mg, 0,100 g of the high 
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purity antimony metal [minimum purity 
99,9 % (&YY)]. Transfer to a 100 ml beaker and dis- 
solve in 30 ml 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 volumetric 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. 

4.5.2 Standard 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 (4.4) and mix. 

Prepare this Solution immediately before use. 

1 ml of this Standard Solution contains 10 pg of Sb. 

5 Apparatus 

All volumetric glassware shall be grade A, in accord- 
ante with ISO 385-1, ISO 648 or ISO 1042, as appro- 
priate. 

Ordinaty laboratory apparatus, and 

5.1 Micropipettes, of capacities 100 pl to 500 ~1. 

5.2 Autosampler, equipped with micropipettes of 
capacities 10 ~1 to 50 ~1. 

5.3 Atomic absorption spectrometer and 
electrothermal atomizer, equipped with a back- 
ground corrector and a high-speed recorder or com- 
puterized readout. 

The instrument shall be capable of using single- 
element hollow cathode or electrodeless discharge 
lamps operated at currents recommended by the 
manufacturer of the lamp and instrument. 

The atomic absorption spectrometer and the 
electrothermal atomizer used will be satisfactory if, 
after optimization according to 7.3.4.2, they meet the 
precision criteria given in 5.3.1 to 5.3.3. 

lt is also desirable that the instrument should conform 
to the additional Performance requirements given in 
5.3.4. 

5.3.1 Characteristic mass (see A.l) 

The characteristic mass for antimony shall be less 
than 25 pg. 

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 BI) 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) 

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 0,95. 

6 Sampling 

Carry out sampling in accordance with ISO 377-2 or 
appropriate national Standards for steel. 

7 Procedure 

7.1 Test Portion 

According to the expected antimony content, weigh, 
to the nearest 0,l mg, the following mass (m) of the 
test portion: 

a) for antimony contents between 0,0005 % 
and 0,005O % (m/m): m N 1,00 g; 

b) for antimony contents between 0,005O % 
and 0,010 % (m/m): m z 0,25 g. 

7.2 Blank test 

In parallel with the determination and following the 
same procedure, carry out a blank test using the same 
quantities of all the reagents. The antimony content 
in the blank test Solution should be not 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 ml 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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0 ISO ISO 10698:1994(E) 

Allow the Solution, which may contain carbides, to 
cool. Add about 15 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,O ml aliquots of the test sol- 
ution (see 7.3.1) into a series of five 100 ml one-mark 
volumetric flasks. Then add, using a micropipette 
(5.1) the respective volumes of antimony Standard 

Solution (4.5.2) indicated in table 1. Dilute to the mark 
with water and mix. These solutions are named SI, 
SZ, S3, S4 and SS, respectively. 

7.3.3 Preparation of the blank addition solutions 

Introduce separate 20,O ml aliquots of the blank sol- 
ution (see 7.2) into another series of five 100 ml one- 
mark volumetric flasks. Then add, using a 
micropipette (5.1), the respective volumes of 
antimony Standard Solution (4.5.2) indicated in 
table 2. Dilute to the mark with water and mix. These 
solutions are named Bq, Bz, Bs, B4 and BS, respect- 
ively. 

Table 1 

Volume of antimony Concentration of Corresponding mass of antimony added, ng 

Standard solution antimony added in ’ 

Name of the Solution (4.5.2) added the test addition 
solutions 

Volume injected 

Pl wlml 10 pl 50 pl 

SI 0 0 0 0 
SZ 100 IO O,l On5 
s3 200 20 02 18 
s4 400 40 a4 zo 
s5 500 50 0,5 22 

Table 2 

Name of the Solution 

Bl 

Bz 

B3 
B4 

B5 

Volume of antimony 
Standard Solution 

(4.5.2) added 

Concentration of Corresponding mass of antimony added, ng 
antimony added in 
the blank addition 

solutions 
Volume injected 

nglml 
0 0 0 

10 O,l 0,5 
20 02 LO 
40 Q4 2,o 
50 &5 2,s 

10 pl 50 pl 

3 
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7.3.4 Measurement 

7.3.4.1 Adjustment of atomic absorption 
spectrometer 

See ta ble 3. 

Table 3 

Element Characteristic 

Type of Antimony electrodeless discharge or 
lamp cathode lamp 

Wavelength 217,6 nm 

Lamp cur- Follow manufacturer’s recommendations 
rent 

Bandwidth Follow manufacturer’s recommendations 

Background Antimony line 217,6 nm is close to iron 
correction line 217,8 nm. If the zero member gives 

an absorbance comparable with the pre- 
cision of the least concentrated calibration 
Solution, background correction will be 
required 

7.3.4.2 Optimizing the atomic absorption 
spectrometer settings and electrothermal 
atomizer 

Set the required instrument Parameters and align the 
electrothermal atomizer according to the manufac- 
turer’s instructions (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 electrothermal atomizer pa- 
rameters for the particular type of atomizer and sam- 
ple volume, as recommended by the instrument 
manufacturer or by following normal laboratory prac- 
tice. 

Zero the instrument and set up the baseline on the 
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 performante requirements of 5.3.4, to ensure 
that the instrument is suitable for the determination. 

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. 

NOTE 2 The volume injected into the atomizer should be 
between 10 pl and 50 ~1, depending on sensitivity, matrix 
interferences and range of linearity. 

Atomize each Solution three times. Record the three 
readings by peak height measurements. Rank the 
values obtained in Order of increasing numerical value 
(x, < ~2 < s}l decide whether the smallest (x,) or the 
largest (~3) is suspected to be an outlier and apply 
Dixon’s test: 

kl - Ic2)1(% - 4 

or 

bz - ~l)lk3 - 4 

If the calculated ratio is lower than 0,970, average the 
readings. If greater than 0,970, reject the outlier and 
average the remaining two readings. 

Check the instrument for memory effects, especially 
at high analyte levels, by running the blank firing pro- 
gramme. Reset the baseline to zero if necessary. Re- 
cord all the readings by peak height measurements 
for the determination. 

7.3.5 Plotting of the additions graphs (see 
note 3) 

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

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

Calculate the average of three instrument readings for 
each of the test addition solutions (solutions S). 

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- 
fett 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, %b 1 and %b 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 differente 
(mS b,l - t?$b,O) gives the net mass of antimony, msb, in 
the test addition Solution (Solution SJ). 

The net mass of antimony, %b, tan also be calculated 
using the least-Square-fit method applied to the two 
straight lines, the blank addition solutions (solutions 
B) and the test addition solutions (solutions S). 

The equation of the straight line is 

Y =a+bm 

where 

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

b nxmiYi - xmixYi = 

nxrnf - (xmi)’ 

a=G (xyimbxmi) 

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

%b,l =& (XYi-bIxq) 

%b,O=& (xyi- bOxmi) 

Yi 

%b,l 

%b,O 

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

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

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

The antimony content, WSb, expressed as a percent- 
age by mass, is given by the equation 

v-2 x 1 o4 Vd 
%bx v, XT 

wSb = 
mx IO' 

3 Xi00 

10 5 

%b x 2oo x 102 
xv, -2ö %b x 011 

= = 

where 

%b 

Vl 

m 

where 

b 

n 

a 

mi 

is the coefficient of regression; 

is the number of the solutions analysed; 

is the intercept on the y-axis; 

is the mass, expressed in nanograms, of 
antimony added, in the test or blank addi- 
tion solutions; 

mx 10’ m.x VI 

%b = %b,l - %b,O 
. . 8.2 Preclsron 

is the mass expressed in nanograms, of 
antimony, in the test addition Solution 
6 1 1 ; 

is the volume injected, in microlitres, of a 
series of test addition solutions and of the 
blank addition solutions (see tables 1 and 
2) . I 

is the volume, in millilitres, of a series of 
test addition solutions and blank addition 
solutions (see 7.3.2 and 7.3.3); 

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

is the volume, in millilitres, of the test and 
blank solutions (see 7.3.1); 

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

A planned trial of this method was carried out by 
18 laboratories, using seven levels of antimony con- 
tents, each laboratoty 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- 
cordante with ISO 5725. 

5 
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The data obtained showed a logarithmic relationship 
between antimony content and repeatability (J-) and 
reproducibility (R and R,,,,) of the test results (see 
note 6), as summarized in table4. The graphical rep- 
resentation of the data is shown in figure C.l. 

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. 

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

6 From the results obtained on day 1, the repeatability (I-) 
and reproducibility (R) were calculated using the procedure 
specified in ISO 5725. From the first result obtained on 
day 1 and the result obtained on day 2, the within-laboratory 
reproducibility (RW) was calculated. 

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- 
nation of Sample, Standard and calibration solutions 
from foreign material ai Id dust from the laboratory at- 
mosphere. 

11 Test report 

The test report shall inc I ude the following information: 

\ II * r . l  a) art rnrormarron necessary for the identification of 
the Sample, the laboratory and the date of analy- 
3s; 

9 Special cases 

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

Introduce the test Portion (7.1) into a 100 ml beaker. 
Add 1 ml of orthophosphoric acid (4.31, 15 ml of 
hydrochloric acid (4.2) and 5 ml of nitric acid (4.1). 
Cover the beaker with a watch glass and heat gently 
until the reaction ceases. Evaporate the Solution till a 
volume of 2 ml to 3 ml is reached, then add 25 ml of 
nitric acid (4.4) and boil for 1 min to remove oxides 
of nitrogen. 

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

c) the results, and the form in which they are ex- 
pressed; 

Table 4 

any unusual features noted during the determi- 
nation; 

any Operation not specified in this International 
Standard, or any optional Operation which may 
have influenced the results. 

Antimony content 

% (dm) 

0,000 5 
0,001 0 
0,002 0 
0,005 0 
0,010 0 

Repeatability 

r 

0,000 20 
0,000 28 
0,000 41 
0,000 65 
0,000 92 

Reproducibility 

R RW 

0,000 35 0,000 18 
0,000 54 0,000 27 
0,000 83 0,000 41 
0,001 5 0,000 71 
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 electrothermal atomic absorption spectrometry, 
the values for instrumental criteria should be decided 
from interlaboratoty test results, by the working group 
in Charge. 

The Standard deviations SA and SB of the most and 
least concentrated addition solutions respectively are 
obtained from the equations 

/ 

J 
- 2 

AAi - A A) 
SA = 

9 
A.l Determination of characteristic 
mass, mc J C( - 2 

ABi - B AI 
SB = 

9 
Prepare a Solution with the same matrix concentration 
as the blank Solution, but with the element of interest 
at the following known concentration: 

The minimum precisions of the most and least con- 
centrated addition solutions are obtained from 
SA x 1 oo/ÄA and SB x 1 oo/ÄA, respectively. 

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

Inject into the atomizer a predetermined volume of 
this Solution and then the same volume of the blank, 
without scale expansion, and measure the 
absorbances A and A,. 

A.3 Determination of limit of detection, 
mm in 

The characteristic mass, mc, is given by the equation 

Prepare two solutions each containing the same ma- 
trix concentration as the blank Solution, but with the 
element of interest at the following known concen- 
trations: 

mc = 
p x 0,004 4 x v, 

A -Ao 
- p’ ng/ml to give an absorbance A of approximately 

0,Ol at a predetermined injection volume; 

where - matrix blank to give an absorbance Ao. 

Vl is the injected volume expressed in 
microlitres, of the Solution, with concen- 
tration p ng/ml; 

Inject into the atomizer the predetermined volume of 
the Solution of concentration p’ ng/ml and the blank 
Solution, 10 times each, using sufficient scale expan- 
sion to make the fluctuations in Signal clearly visible. 

AO is the absorbance of the blank Solution. 

A.2 Determination of minimum 
precision 

Obtain the mean absorbance readings Ä’ and Äo. 

The Standard deviation SA, is given by the equation 

Inject into the atomizer the predetermined volume of 
the most concentrated addition Solution 10 times to 
obtain 10 individual absorbance readings AAi and cal- 
culate the mean value ÄA. 

SA,= 

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 Agi and calculate the mean value ÄB. 

A’i is the individual measured absorbance 
reading; 

-1 A is the mean value of A’i. 
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The limit of detection %i”, in picograms, is gien by 
the equation 

m 
pt x v, x SA’ x k 

min = -1 A - Äo 

where 

Vl is the volume expressed in microlitres, of 
the Solution injected; 

k is normally taken as 2. 

A.4 Criterion for graph linearity 

In the case of the Standard additions method, the 
graph Iinearity (AA/AB) should be checked by following 
the procedure described in A.4.1 and A.4.2, and shall 
not be less than 0,95. 

0,4 

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 BS (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, BI to B2 (expressed as a Change in 
absorbance) (see figure A. 1). 

A.4.2 Linearity of the test additions graph 

Having established the test additions graph, the value 
of the slope of the graph covering the top 20 % of the 
mass range, S4 to SS (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, SI to S2 (expressed as a Change in absorbance) 
(see figure A.2). 

B1 f33 BS 

Mass scale 1) 

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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Mass scale 1) 

Bottom 20 % of 
the mass range 

1) Mass of antimony, expressed in nanograms, in the injected test Solution. 

Top 20 % of 
the mass range 

Figure A.2 - Test additions graph 

A.4.3 Linearity of the graph throughout the 
entire mass range 

A.4.3.1 Preparation of the solution for checking 
the graph linearity of the entire mass range 

Obtain the predetermined mass of antimony, mSbx, 
expressed in nanograms, in the test Solution. in 
figureA.2, the intercept on the mass axis, obtained 
by extrapolating the resulting straight line, gives the 
mass of antimony. 

Introduce separate 20,O ml aliquots of the blank sol- 
ution into four 100 ml one-mark volumetric flasks, 
then respectively add, using a micropipette, the fol- 
lowing volumes, in microlitres, of antimony Standard 
solutions. 

Solution C,: 0 

Solution C,: 
mSb,x x 1 05/v,) + %b,y x 1 03] x 1/5 

IO 

Solution C,: [( mSb,x x 1 05/v,) + %b,y x 1 03] x 4/5 

10 

Solution C,: c( mSb,x x 1 05/v,) + %b,y x 1 03] 

10 

where 

Vl is the injected volume, in microlitres; 

%b ,x is the predetermined mass of antimony, in 
nanograms (this value is preferably the 
nearest multiple of 5); 

&b ,y is the mass of antimony, in micrograms, in 
100 ml of the most concentrated Solution 
(in tables 1 or 2, %bY = 5 pg). I 

Dilute to the mark with water and mix. 

A.4.3.2 Plotting the additions graph 

Atomize these solutions (Cl to C4) 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. 

9 
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Plot the average instrument reading against the mass 
of antimony, expressed in nanograms (see 
figure A.3). 

8.4.3.3 Confirmation of the linearity of the graph 

In the graph in figureA.3, throughout the entire mass 
range, the value of the slope of the graph covering the 
top 20 % of the mass range, Cs to C4 (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, Cl to C2 (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 ~1, the volumes of the 
antimony Standard Solution added to the test and 

table 1 or 2) should be blank addition solutions (see 
decreased. 

t 
z 

A 

E 
T 

V 0 r r r 

Mass scale 1) 

Bottom 20 % of Top 20 % of 
the mass range the mass range 

1) Mass of antimony, expressed in nanograms, in the injected biank solution and 
the test Solution of predetermined mass of antimony. 

Figure A.3 - Graph throughout the entire mass range 
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