
INTERNATIONAL 

STANDARD 
IS0 

1 1 437-I  
First edi tion 
1 994-l  2-01  

Nickel  al loys -  Determination of 
trace-element content by electrothermal  
atomic absorption spectrometric 
method -  

Part 1 :  
General  requi rements and sample dissolution 

Al l iages de nickel  -  Dosage des 61 6ments-traces -  M&hode par 
spectrom&rie d’absorption atomique Ei  exci tation Blectrothermique -  

Par-tie 7:  Caract&istiques g&Wales et mise en solution de 1 ’6chanti l lon 

Reference number 
IS0 1 1 437-l  : I  994(E)  

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                                                                                                                                                                                

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 



IS0 1 1 437-1 :1 994(E)  

Foreword 

IS0 (the International  Organization for Standardization)  is a worldwide 
federation of national  standards bodies (IS0 member bodies) .  The work 
of preparing  International  Standards is normal ly carried out through IS0 
technical  committees.  Each  member body interested in  a subject for 
which  a technical  committee has been establ ished has the right to be 
represented on that committee.  International  organizations,  governmental  
and non-governmental ,  in  l iaison wi th  ISO,  also take part in  the work.  IS0 
col laborates closely wi th  the International  Electrotechnical  Commission  
(IEC)  on al l  matters of electrotechnical  standardization.  

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

International  Standard IS0 1 1 437-1  was prepared by Technical  Committee 
lSO/TC 1 55,  Nickel  and nickel  al loys,  Subcommittee SC 4,  Analysis of 
nickel  al loys.  

IS0 1 1 437 consists of the fol lowing parts,  under the general  ti tle Nickel  
al loys -  Determination of trace-element content by electrothermal  atomic 
absorption spectrometric method:  

-  Part 7:  General  requirements and sample dissolution 

-  Part 2:  Determination of lead content 

-  Part 3:  Determination of bismuth  content 

-  Part 4:  Determination of si lver content 

Annex A forms an integral  part of this part of IS0 1 1 437.  Annex B is for 
information only.  

0 IS0 1 994 
Al l  rights reserved.  Unless otherwise speci fied,  no part of this publ ication may be reproduced 
or uti l ized in  any form or by any means,  electronic or mechanical ,  including  photocopying  and 
microfi lm,  wi thout permission in  wri ting  from the publ isher.  

International  Organization for Standardization 
Case Postale 56 l  CH-1 21 1  Geneve 20 l  Switzerland 

Printed in  Swi tzerland 
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0 IS0 IS0 1 1 437-1 : 1 994(E)  

Introduction 

This part of IS0 1 1 437 is to be used in conjunction wi th the other parts 
which speci fy methods for the determination of individual  trace elements 
in nickel  al loys by electrothermal  atomic absorption spectrometry.  

Al though the analytical  methods are speci fied in i ndependent International  
Standards,  i t is possible to determine more than one element on  a single 
test solution.  

I l l  

‘ ,  

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                                                                                                                                                                                

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 



INTERNATIONAL STANDARD 0 IS0 IS0 1 1 437-1 :1 994(E)  

Nickel  al l oys -  Determination  of trace-element 
content by electrothermal  atomic absorption  
spectrometri c method  -  

Part 1 :  
General  requi rements and  sample dissolution  

1  Scope 

1 . 1  IS0 1 1 437 speci fies electrothermal  atomic ab-  

sorption methods for the determination of trace el -  

ements in  nickel  al loys,  in  the concentration ranges 

given in  clause 1  of other parts of IS0 1 1 437.  Other 

elements may be added in  subsequent parts of 

IS0 1 1 437.  Typical  composi tions of some nickel  al -  

l oys are given in  annex B.  

1 .2 This part of IS0 1  1 437 speci fies the general  re-  

qui rements for analysis by electrothermal  atomic ab-  

sorption spectrometry,  preparation and dissolution of 

the test sample,  method of calculation and the pro-  

cedures used for the evaluation of the repeatabi l i ty 

and reproducibi l i ty of the individual  methods speci fied 

in  other parts of IS0 1 1 437.  

2 Normative references 

The fol lowing standards contain  provisions which,  

through reference in  this text,  consti tute provisions 

of this part of IS0 1 1 437.  At the time of publ ication,  

the edi tions indicated were val id.  Al l  standards are 

subject to revision,  and parties to agreements based 

on  this part of IS0 1 1 437 are encouraged to investi -  

gate the possibi l i ty of applying  the most recent edi -  

tions of the standards i ndicated below.  Members of 

IEC and IS0 maintain registers of currently val id 

International  Standards.  

IS0 385-l  : I  984,  Laboratory glassware -  Burettes -  

Part 1 :  General  requi rements.  

IS0 648:1 977,  Laboratory glassware -  One-mark 

pipettes.  

IS0 1 042:1 983,  Laboratory glassware -  One-mark 

volumetric flasks.  

IS0 5725:1 986,  Precision of test methods -  Deter-  

mination of repeatabi l i ty and reproducibi l i ty for a 

standard test method by inter-laboratory tests.  

3 Principle 

Dissolution of a test portion in  a mixture of di lute ni tric 

acid and hydrofluoric acid.  

Di lution of the test solution to a known volume and 

transfer of an  al iquot to a plastics vial .  

Addi tion of a modi fier and/or di luent,  where necess-  

ary,  and injection of a smal l  volume of the test sol -  

ution into an  electrothermal  atomizer.  

Measurement of the absorption of the resonance l ine 

energy from the spectrum of the element being  de-  

termined and comparison wi th  that of cal ibration sol -  

utions containing  the same element.  

4 Reagents 

During  the analysis,  unless otherwise stated,  use only 

1  
                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                                                                                                                                                                                

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 



IS0 1 1 437-1 :1 994(E)  8 IS0 

reagents of recognized analytical  grade and only dis-  

ti l led water or water of equivalent puri ty.  

4. 1  High  puri ty metals,  99,9 % (m/m)  minimum,  as 

speci fied in  the relevant part of IS0 1 1 437.  

4.2 Ni tric acid,  pZO = I ,41  g/ml ,  di luted 1  +I .  

4.3 Hydrofluoric acid,  pzO = I , 1 3 g/ml .  

WARNING -  Hydrofluoric acid is extremely irri-  

tating  and corrosive to skin  and mucous mem-  

branes,  producing  severe skin  burns which  are 

slow to heal .  In  the case of contact wi th  skin,  

wash  wel l  wi th  water and seek medical  advice.  

4.4 Acid mixture for dissolution.  

Careful ly add 1 50 ml  of ni tric acid (p2, ,  = I ,41  g/ml)  

and 1 50 ml  of the hydrofluoric acid (4.3)  to 1 50 ml  of 

water.  Mix and store in  a plastics bottle.  

4.5 Modifiers.  

Prepare separately for each metal  as speci fied in  the 

appropriate part of IS0 1 1 437.  

4.6 Standard reference solutions,  1 00 mg/l  of 

metal .  

Prepare separately for each metal  as speci fied in  the 

relevant part of IS0 1 1 437.  

5 Apparatus 

Ordinary laboratory apparatus,  and 

5.1  Atomic absorption spectrometer.  

5.1 .1  The atomic absorption spectrometer used in  

this method shal l  be fi tted wi th  an electrothermal  

atomizer and shal l  meet the performance cri teria 

given in  annex A.  

5.1 .2 The spectrometer shal l  be equipped wi th  a 

background corrector and a rapid recording system 

capable of measuring  peak heights and peak areas.  

The electrothermal  atomizer shal l  be fi tted wi th  a 

pyrolytic graphite tube and L’vov platform,  or a normal  

graphite tube as speci fied in  the relevant part of 

IS0 1 1 437.  

5.1 .3 The spectrometer should be capable of using  

single-element hol low cathode lamps or electrodeless 

discharge lamps operated at currents recommended 

by the manufacturer.  

5.2 Polytetrafluoroethylene (PTFE)  beakers,  of 

capaci ty 1 00 ml .  

5.3 Plastics vials,  of capaci ty 5 ml .  

5.4 Plastics volumetric flasks,  of capaci ties 50 ml  

and 1 00 ml .  

5.5 Glass volumetric flasks,  of capaci ties 1 00 ml ,  

500 ml  and 1  000 ml ,  in  accordance wi th  IS0 1 042,  

Class A.  

5.6 Burettes,  of capaci ties IO ml  (graduated in  div-  

isions of 0,02 ml )  and 25 ml  (graduated in  divisions 

of 0, l  ml ) ,  in  accordance wi th  IS0 385-1 ,  Class A.  

5.7 Pipettes,  in  accordance wi th  IS0 648,  Class A.  

5.8 Mechanical  micropipettes,  of capaci ties IO ~1  

to 1 00 1 . 1 1 .  

5.9 Variable mechanical  pipette,  of capaci ty 2,0 ~1  

to IO,0 ~1 ,  fi tted wi th  plastics posi tive displacement 

tips.  

6 Sampl ing  and sample preparation 

6.1  Sampl ing  and preparation of the laboratory 

sample shal l  be carried out by normal  agreed pro-  

cedures or,  in  case of dispute,  by the relevant Inter-  

national  Standard.  

6.2 The laboratory sample normal ly is in  the form 

of turnings,  mi l l ings or dri l l ings and no further mech-  

anical  preparation of the sample is necessary.  

6.3 The laboratory sample shal l  be cleaned by 
washing  wi th  pure acetone and drying  in  air.  

6.4 I f brazed al loy tools are used in  the preparation 

of the laboratory sample,  the sample shal l  be further 

cleaned by pickl ing  in  di lute ni tric acid for a few min-  

utes.  The sample shal l  then be washed several  times 

wi th  disti l led water fol lowed by several  washings wi th  

acetone,  and air dried.  
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0 IS0 IS0 1 1 437-1 : 1 994(E)  

7 Procedure 

7. 1  Preparation of test solution -  General  

method 

7.1 . 1  Weigh,  to the nearest 0,001  g,  0,500 g  of the 

laboratory sample and transfer to the 1 00 ml  PTFE 

beaker (5.2) .  Add 20 ml  of the acid mixture for dis-  

solution (4.4) .  Apply sufficient heat to ini tiate and 

maintain the reaction unti l  dissolution is complete.  

7. 1 .2 Cool  the solution and proceed as di rected in 

the relevant part of IS0 1 1 437.  

NOTE 1  I t may be di fficul t to dissolve certain al loys in the 
ni tric acid-hydrofluoric acid mixture.  In  such cases,  the pro-  
portions of the dissolving mixture may be adjusted,  but a 
corresponding blank test is necessary.  

7.2 Blank test 

Carry out a blank test in paral lel  wi th the determi -  

nation,  fol lowing the same procedure and using the 

same quanti ties of al l  the reagents.  

7.3 Preparation of cal ibration solutions 

Proceed as di rected in the relevant part of IS0 1 1 437.  

7.4 Cal ibration and  determination 

7.4. 1  Atomic absorption measurements 

7.4. 1 . 1  The spectral  l ines for each element,  the type 

of graphi te tube and the measurement mode (peak 

height or peak area integration)  to be used in the 

analysis are speci fied in the relevant part of 

IS0 1 1 437.  Condi tion new graphi te tubes as in-  

structed by the manufacturer.  

7.4. 1 .2 Establ ish the optimum furnace temperature 

programme in accordance wi th the instructions given 

in annex A.  

7.4. 1 .3 The volume injected into the furnace shal l  

be between IO PI  and 50 ~1 ,  depending  on the sensi -  

tivi ty of the analyte.  

7.4. 1 .4 Starting wi th the cal ibration solutions,  

atomize the preselected volume (IO PI  to 50 ~1 ) .  Re-  

cord three absorbance measurements for each of the 

cal ibration solutions.  

7.4. 1 .5 Atomize the preselected volume (IO ~1  to 

50 ~1 )  for the blank solution.  Record three absorbance 

measurements.  

7.4. 1 .6 Check the cal ibration slope by atomizing the 

preselected volume (IO ~1  to 50 ~1 )  of the zero and 

highest cal ibration solutions.  Record three measure-  

ments for each of the solutions.  

7.4. 1 .7 Atomize the preselected volume (IO 1 . 1 1  to 

50 ~1 )  for two of the test solutions.  Record three 

absorbance measurements.  

7.4. 1 .8 Repeat the instructions in 7.4. 1 .6 and 7.4. 1 .7 

unti l  al l  of the test solutions are measured.  

7.4. 1 .9 Calculate the means of the three absorbance 

measurements obtained in 7.4. 1 .4 to 7.4. 1 .8.  

7.4.2 Preparation of cal ibration graphs 

7.4.2. 1  Subtract the mean absorbance value ob-  

tained for the 0 pg/l  cal ibration solution from the 

mean absorbance values obtained for the remaining 

cal ibration solutions.  

7.4.2.2 Construct a graph relating the mean 

absorbance values obtained for the cal ibration sol -  

utions (7.4.2. 1 )  to thei r analyte concentrations (in 

micrograms per l i tre).  

8 Expression  of resul ts 

8. 1  Calculation 

8.1 . 1  Using  the mean absorbance obtained for the 

blank test solution (7.4. 1 .51 ,  determine the analyte 

concentration of the blank test solution from the cal i -  

bration curve (7.4.2.2) .  

8. 1 .2 I f the cal ibration check measurement obtained 

in 7.4. 1 .6 shows that the cal ibration curve has dri fted 

signi ficantly,  adjust the cal ibration curve accordingly.  

8. 1 .3 Using  the mean absorbance values obtained in 

7.4. 1 .7,  determine the analyte concentration of two 

of the test solutions.  

8. 1 .4 Repeat the instructions given in 8. 1 .2 and 

8. 1 .3 unti l  the analyte concentrations of the remaining 

test solutions are obtained.  

8. 1 .5 Subtract the analyte concentration of. the blank 

test solution (8. 1  . I )  from the analyte concentration of 

the test solutions found in 8. 1 .3 and 8. 1 .4.  

3  

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                                                                                                                                                                                

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 



IS0 1 1 437-1 :1 994(E)  0 IS0 

8. 1 .6 Calculate the analyte content w of the test 

sample,  in grams per tonne,  using the formula 

PDF 

20 x m 

where 

P is the analyte concentration,  in micrograms 

per l i tre,  in the test solution,  as calculated 

in 8. 1 .5;  

F is a di lution factor given in the relevant part 

of IS0 1 1 437;  

m is the mass,  in grams,  of the test portion.  

8.2 Precision 

8.2. 1  Laboratory tests 

The methods in the subsequent parts of IS0 1 1 437 

have been subjected to interlaboratory testing.  

8.2.2 Statistical  analysis 

8.2.2. 1  Resul ts from the interlaboratory test pro-  

gramme were evaluated according to IS0 5725.  The 

data were tested for statistical  outl iers by the Cochran 

and Dixon tests given in IS0 5725.  

4 

8.2.2.2 The principle of the Cochran test is that a set 

of resul ts is an  outl ier i f the wi thin-laboratory variance 

is too large in relation to the others.  Dixon’s tests is 

to determine i f the mean from a laboratory is too far 

from the other laboratory means.  Both  tests were 

appl ied at the 95 % confidence level .  

8.2.2.3 Repeatabi l i ty and reproducibi l i ty were calcu-  

lated according to IS0 5725 at the 95 % confidence 

level .  Resul ts of the statistical  analysis,  i ncluding the 

wi thin-laboratory and between-laboratory standard 

deviations are given for each element in the relevant 

part of IS0 1 1 437.  

9 Test report 

The test report shal l  i nclude the fol lowing information:  

a)  a reference to the method used;  

b)  the resul ts of the analysis;  

c)  the number of i ndependent repl ications;  

d)  any unusual  features noted during the analysis;  

e)  any operation not i ncluded in this part of 

IS0 1 1 437 or regarded as optional .  

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                                                                                                                                                                                

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 



IS0 1 1 437-1 :1 994(E)  

Optimization and checking of spectrometer performance cri teria 

A. 1  I ntroduction 
Table A. 1  -  Programme for graphi te tube 

condi tioning 

Annex A 

(normative)  

To obtain the best resul ts when using the graphi te 

furnace technique,  the instrument settings,  particu-  

larly the furnace programme,  shal l  be optimized.  Once 

the instrument settings are optimized,  i t i s essential  

that the instrument meets certain performance re-  
qui rements before i t i s used in the method speci fied 

in the relevant part of IS0 1 1 437.  

A.2 Ini tial  i nstrument checks and 

adjustments 

A.2. 1  Swi tch on  the power,  cool ing water,  gas 

suppl ies and fume extraction system.  

8.2.2 Open the furnace and inspect the tube and 

contacts,  Replace the graphi te components i f wear 

or contamination is evident.  I nspect the windows and 

clean i f necessary.  

I f a new tube or graphi te contacts are fi tted,  condi tion 

these using the heating programme recommended 

by the manufacturer.  

NOTE 2 In the absence of the manufacturer’s rec-  
ommendations,  the condi tioning furnace programme shown 
in tableA.  should be used.  

A.3 Radiation source 

Both single-element hol low cathode lamps or 

electrodeless discharge lamps are sui table.  These 

should be instal led and operated as recommended by 

the manufacturer.  

After the warm-up time speci fied by the manufac-  

turer,  the signal  from each radiation source should not 

deviate by more than 0,5 % from the maximum value 

(i .e.  by not more than 0,002 absorbance uni ts)  over 

a period of 1 5 min.  Signi ficantly greater fluctuations 

are usual ly indicative of a faul ty lamp.  

NOTE 3 The use of mul ti -element lamps is not general ly 
recommended.  

A.4 Spectrometer parameters 

A.4. 1  Wavelength  

Select the wavelength speci fied in the relevant part 

of IS0 1 1 437.  

A.4.2 Sl i t 

Select the sl i t width recommended by the manufac-  

turer.  Where two sl i t settings are avai lable,  ensure 

that the type provided for use wi th the graphi te fur-  

nace is selected.  

A.4.3 Background correction 

A.4.3. 1  Deuterium background correction 

systems.  

Select the background correction option and al low the 

lamps to stabi l ize for 30 min.  Check that the energies 

of the analyte radiation source and the deuterium 

radiation source are balanced wi thin the tolerances 

recommended by the manufacturer.  

A.4.3.2 Zeeman background correction systems.  

Ensure that the poles of the magnet are clean.  

5 
                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                                                                                                                                                                                

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 



IS0 1 1 437-1 :1 994(E)  0 IS0 

A.4.3.3 Test of background correction system.  

Measure the atomic and background absorbances of 

20 pl  of a 0,2 % (m/V)  magnesium ni trate solution at 

a wavelength between 200 nm and 250 nm (e.g.  Bi  

223, l  nm)  using a charring temperature of 950 “C and 

an  atomization temperature of 1  800 “C.  A large 

background signal  should be observed,  wi th no over 

or under correction of the atomic signal .  

NOTE 4 In  general ,  the deuterium correction system 
should be able to correct for broad band background 
absorbances of up to 0.5 to 0.6 absorbance uni ts.  Zeeman 
systems should cope wi th levels as high as I , 0 to I ,5 
absorbance uni ts.  

A.5 Autosampler 

The operation of the autosampler should be checked.  

Particular attention should be paid to the condi tion of 

the pipette tip and the posi tion of the tip during 

sample deposi tion.  The manufacturer’s instructions 

regarding the adjustment of the autosampler should 

be fol lowed.  

A.6 Optimization of the furnace heating  

programme 

Optimization of the furnace heating programme is 

essential  i f good resul ts are to be obtained using this 

technique.  Furnace programmes recommended by 

manufacturers are often concerned wi th samples 

completely unrelated to nickel  al loys.  Consequently,  

the analyst shal l  optimize the furnace programme for 

use wi th the nickel  al loy matrix in the manner de-  

scribed in A.6. 1  to A.6.4.  

The furnace programme for the nickel  al loy matrix 

being considered here consists of four basic steps:  

drying,  charring,  atomization and cleaning.  

A.6. 1  Drying  

A.6. 1 . 1  For most samples a drying temperature of 

1 20 “C is satisfactory.  To avoid spattering,  the tem-  

perature should be increased to 1 20 “C in 20 s and 

then held at that temperature for a time depending  

on  the volume of sample introduced.  The fol lowing 

hold times are typical .  

I njected volume,  ~1  Hold time,  s 

IO 1 5 

40 30 

A.6. 1 .2 When samples are deposi ted on the L’vov 

platform,  a two-stage drying process is beneficial  in 

preventing spattering.  

The fi rst stage involves heating the sample rapidly to 

80 “C in 1  s and then holding the temperature at 

80 “C for a short time.  The time during which the 

temperature is maintained at 80 “C depends on  the 

volume of solution injected.  The fol lowing hold times 

are typical .  

I njected volume,  ~1  Hold time,  s 

1 0 1 5 

40 30 

The temperature is then increased over a period of 

20 s to 30 s,  to a value 20 “C to 40 “C above the 

boi l ing point of the solvent.  This higher temperature 

is held for 1 5 s to 40 s depending  on  the volume of 

sample injected.  The fol lowing hold times are typical .  

I njected volume,  ~1  Hold time,  s 

1 0 1 5 

40 40 

A.6. 1 .3 In  A.6. 1 . 1  and A.6. 1 .2,  once sui table drying 

condi tions have been selected,  the drying process can 

be moni tored visual ly wi th the aid of a dental  mi rror 

to ensure that i t proceeds smoothly wi thout 

spattering.  

WARNING -  Do not view the tube di rectly during 

the charring,  atomization or cleaning steps.  

A.6.2 Charring  

During this step,  volati le components of the matrix are 

driven off and precursor reactions occur,  for example 

reduction of the analyte oxide to the elemental  state 

and the formation of matrix refractory oxides and car-  

bides.  

NOTE 5 Because of the low volati l i ty of the nickel  al loy 
matrix,  most of i t wi l l  remain in the furnace after charring.  

The analyst shal l  fi rst select the combination of 

graphi te tube,  normal  or L’vov platform,  and 

measuring  mode,  peak height or peak area to be 

used.  

The analyst shal l  then determine the optimum 

charring temperature experimental ly as described in 

A.6.2. 1  to A.6.2. 1 0.  

6

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                                                                                                                                                                                

                                                                                          



0 IS0 IS0 1 1 437-1 : 1 994(E)  

A.6.2. 1  Use the optimum drying condi tions as de-  

termined in A.6. 1 .  

NOTE 6 At this stage,  both  the optimum charri ng  and  

atomization settings are unknown.  Estimates for sui table 

atomization settings should  be made and  the charri ng  con-  

di tions optimized fi rst.  

A.6.2.2 Consul t  the manufacturer’s l i terature and set 

the atomization temperature accordingly.  Select the 

GAS STOP option.  Select an atomization integration 

time of IO s.  This ensures that the whole of the 

analyte peak wi l l  be measured.  

A.6.2.3 Select a charring time comprising a 30 s in-  

crease and a 30 s hold.  

A.6.2.4 Select a cal ibration solution which wi l l  give 

an absorbance reading of 0,2 to 0,4.  

A.6.2.5 Vary the charring temperature,  in steps of 

1 00 “C,  throughout the range 500 “C to 1  400 “C 

taking three measurements for the cal ibration solution 

(A.6.2.4)  at each step.  

A.6.2.6 Calculate the mean of the three measure-  

ments attained for each temperature step.  Plot a 

graph relating the charring temperature to the mean 

absorbance.  Note the temperature at which the 

absorbance starts to decl ine.  Subtract 50 “C from this 

value to obtain the optimum charring temperature.  

NOTE 7 The 50 “C al l owance is to accommodate any 

day-to-day variations in  the working  of  the temperature 

measuring  system.  

A.6.2.7 Use the optimum charring temperature 

found in A.6.2.6 and vary the hold time over the range 

1 5 s to 60 s in steps of 1 5 s.  Take three measure-  

ments for the cal ibration solution (A.6.2.4)  during each 

step.  Moni tor the background signal  during this pro-  

cess.  Note the time at which the background signal  

returns to the basel ine.  

A.6.2.8 Calculate the mean of the three absorbance 

measurements.  There shal l  be no evidence of analyte 

loss (indicated by lower absorbances for the longer 

hold times).  

A.6.2.9 Provided the condi tion in A.6.2.8 is satisfied,  

select the shortest time in which the background sig-  

nal  returns to the basel ine (A.6.2.7) .  Add 1 0 s to this 

value to obtain the optimum hold time.  

A.6.2. 1 0 I f the condi tion in 8.6.2.8 is not satisfied,  

repeat actions A.6.2.7 to A.6.2.9 using a charring 

temperature which is 50 “C less than that original ly 

selected in A.6.2.6.  

NOTE 8 A slow time of 30 s and  a hold  time of 30 s i s 

usual ly sufficient for al l  pretreatment reactions to occur.  

Short  i ncrease times may provoke loss of  sample from the 

tube caused by explosive splatter.  

A.6.3 Atomization 

This step involves the production of gaseous analyte 

atoms inside the graphi te tube.  As far as is possible,  

matrix atoms should be absent  to minimize inter-  

ference.  

The analyst shal l  determine the optimum atomization 

temperature and integration time experimental ly using 

the same GAS STOP,  graphi te tube and measuring  

mode combination selected before the optimization 

of the charring step.  

NOTE 9 Al though i t is possible to optimize the L’vov 

platform using  the peak height  measurement  mode to 

achieve i ts ful l  potential ,  the analyst should  optimize the 

atomization step in such  a manner that the condi ti ons re-  

qui red for the Stabi l i zed Temperature Platform Furnace 

(STPF)  operation  are satisfied.  I n  addi tion to the use of GAS 

STOP and  matrix modi fi cation ( i nherent i n  the procedure) ,  

the fol lowing addi tional  condi tions should  be satisfied.  

The temperature di fference between  the charri ng  step 

and  the atomization step should  be as smal l  as possible 

(less than 1  000 “C) .  This al lows the furnace to ap-  

proach condi tions which  are nearly i sothermal  more 

quickly,  and reduces the amount  of matrix volati l i zed.  

The peak area i ntegration measurement  mode should  

be used.  

There shal l  be zero time i ncrease between  the charri ng  

and  atomization steps.  

A.6.3. 1  Use the optimum drying and charring con-  

di tions determined in A.6. 1  and A.6.2,  respectively.  

A.6.3.2 Select an atomization temperature of 

1  200 “C and an integration time of 20 s.  

A.6.3.3 Using the same cal ibration solution 

(A.6.2.41 ,  obtain three absorbance measurements at 

this atomization temperature.  

A.6.3.4 Vary the atomization temperature by in-  

creasing i t up to 2 000 “C in 1 00 “C steps.  Measure 

the absorbance of the cal ibration solution during each 

step as di rected in A.6.3.3.  

A.6.3.5 Plot the mean of the three measurements 

obtained for each step against the atomization tem-  

perature.  
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A.6.3.6 Examine the graph and determine the low-  

est atomization temperature where maximum 

absorbance is obtained.  Add 200 “C to this value to 

obtain the optimum atomization temperature.  

NOTES 

IO At the lowest atomization temperature giving  maxi -  
mum absorbance when  using  the peak area integration 
measurement mode,  the peaks are broad wi th  considerable 
tai l ing.  The extra 200 “C wi l l  overcome these problems.  

1 1  I f the L’vov platform is to be used under STPF con-  
di tions,  check that the di fference between the optimum 
charring  temperature and optimized atomization tempera-  
ture does not exceed 1  000 “C.  

A.6.3.7 Duration of the atomization step 

Use the optimum temperature found in  A.6.3.6 and a 

hold time of 1 0 s.  

8.6.3.7.1  instruments equipped wi th  a VDU or 

fast recorder 

Measure the cal ibration solution (A.6.2.4)  and observe 

the atomic signal  during the atomization stage.  De-  

termine the optimum hold time by adding 1  s to the 

time taken for the trace to return to the zero-axis of 

the absorbance scale.  

A.6.3.7.2 Instruments wi thout a VDU or fast re-  

corder 

Make three measurements of the cal ibration solution 

used in  A.6.2.4.  Calculate the mean absorbance.  Re-  

peat these measurements using  progressively shorter 

hold times (1  s intervals)  unti l  the mean of the three 

measurements starts to decrease.  Add 1  s to the hold 

time at this point to obtain the optimum hold time.  

A.6.4 Cleaning  step 

Heat the furnace at 2 650 “C for 5 s to remove as 

much  of the residual  matrix as possible.  

NOTE 1 2 In  practice,  the matrix elements that form 
refractory oxides and carbides cannot be completely re-  
moved,  even at high  temperatures.  

A.7 Instrument performance cri teria 

The fol lowing  tests shal l  be performed after opti -  

mization of the instruments described in  A.2 to A.6,  

using  the cal ibration solutions identi fied in  5.1 ,  

table 1  of the relevant part of IS0 1 1 437.  

A.7.1  Determination  of characteristic mass,  

4 

A.7.1 . 1  Measure the absorbance of cal ibration sol-  

ution Sl  three times,  using  the injection volume rec-  

ommended in  the procedure.  Calculate the mean -  
absorbance As, .  

A.7.1 .2 Measure the absorbance of cal ibration sol-  

ution S2 three times,  using  the injection volume rec-  

ommended in  the procedure.  Calculate the mean -  
absorbance A, , .  

A.7.1 .3 The characteristic mass,  m,  is given by the 

equation:  

m,  = 
p x v x 0,004 4 

-  
‘4s2 -41  

where 

P is the concentration of the analyte in  cal i -  

bration solution S2,  expressed in  

nanograms per mi l l i l i tre;  

V is the volume of the solution injected,  ex-  

pressed in  microl i tres.  

A.7.2 Determination  of minimum precision  

A.7.2.1  Measure the absorbance of cal ibration sol-  

ution S2 ten times,  using  the injection volume rec-  

ommended in  the relevant procedure.  Record the 

individual  absorbance readings A, ,  and calculate the 

mean value A, , .  

A.7.2.2 Calculate the standard deviation sa for cal i -  

bration solution S2 using  the equation 

A.7.2.3 Calculate the minimum precision for cal i -  

bration solution S2 using  the formula 

SB x 1 00 
-  
42 

A.7.2.4 Measure the absorbance of the most con-  

centrated cal ibration solution ten times,  using  the in-  

jection volume recommended in  the procedure.  

Record the individual  absorbance readings A,  and cal-  

culate the mean value &.  

8.7.2.5 Calculate the standard deviation for the 
most concentrated cal ibration solution using  the 

equation 

8 
                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                                                                                                                                                                                

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 



IS0 1 1 437-1 :1 994(E)  0 IS0 

s*=pqG-  

A.7.2.6 Calculate the minimum precision for the 

most concentrated cal ibration solution using  the for-  

mula 

s,  x 1 00 

A,  

A.7.3 Determination  of the l imi t of 

detection,  mmin  

A.7.3.1  Measure the absorbance of cal ibration sol-  

ution Sl  ten times,  using  the injection volume rec-  

ommended in  the procedure.  Record the individual  

absorbance readings As,  and calculate the mean value -  
41 .  

A.7.3.2 Measure the absorbance of cal ibration sol-  

ution S2 ten times,  using  the injection volume rec-  

ommended in  the procedure.  Record the individual  

absorbance readings AS2 and calculate the mean value -  
42.  

A.7.3.3 Calculate the standard deviation ss for cal i -  

bration solution S2 using  the equation 

J  
c (42 -  &2)  2  SB = 

9 

A.7.3.4 Calculate the l imit of detection %i ”,  in  

picograms,  using  the equation 

pxVxsBxK 
Sin= -  

As2 --AS1  

where 

P is the concentration of analyte in  cal i -  

bration solution S2,  expressed in  

nanograms per mi l l i l i tre;  

V is the volume of the solution injected,  ex-  

pressed in  microl i tres;  

K is normal ly taken as 2.  

A.7.4 Cri terion for graph  l ineari ty 

A.7.4.1  Measure the whole set of cal ibration sol-  

utions three times using  the injection volume rec-  

ommended in  the procedure.  Calculate the mean of 

the three absorbances obtained for each solution.  

A.7.4.2 Plot a graph relating the mean absorbances 

to the mass of the analyte,  in  nanograms,  in  the in-  

jected volume of the cal ibration solutions.  

A.7.4.3 Obtain  the net absorbance value AA corre-  

sponding  to the top 20 % of the covered mass range 

and the net absorbance value A,  corresponding  to the 

bottom 20 % of the covered mass range.  

A.7.4.4 Calculate the ratio AA/A, .  

This ratio shal l  not be less than 0.7.  
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Annex B 

(informative)  

Examples of composi tions of some nickel  al loys 

The examples of composi tions given in table B. l  are not to be interpreted as speci fications for chemical  compo-  

si tions.  

Table B. l  -  Examples of composi tions of some nickel  al loys [% (m/m)]  

Single values are maximum l imi ts,  except for nickel ,  where single values are minimum.  

1  Si  1  Ti  Others 

0.4 - 0. 08 - 1 4,0 0.5 5. 0 1 . 0 -  70,03)  - 0, 01 5 0.5 2.2 Nb plus Ta 
1 .0 1 7,o 9. 0 2.8 0.7 to 1 . 2 

0.2 0,006 0.08 - 1 7,0 0. 3 Re-  0.4 2.8 50,o 0. 01 5 0,01 5 0.4 0.6 Nb plus Ta 
Of8 21 ,0 mainder 3. 3 55.0 1 .2 4.7 to 55 

0. 1 5 -  0. 1 0 - 1 9,0 0.7 Re-  1 . 5 -  30.0 - 0, 01 5 1 . 0 0. 1 5 
0.60 -  -  -  23,0 -  mainder - -  35.0 - -  -  0. 60 -  

F -- 0, 08 5.0 1 8,O 0,5 5. 0 I , 0 -  Remain-  
0. 1 5 21 . 0 der3)  

G I ,0 0, 020 0, 1 3 1 5.0 1 8,0 0.2 1 .5 1 . 0 -  Remain-  
2.0 21 .0 21 ,0 der 

H  4.5 0, 003 0. 1 2 1 8.0 1 4,0 0.2 1 .0 1 . 0 4.5 Remain-  
4.9 0,01 0 0. 1 7 22.0 1 5.7 5.5 der 

I  0. 3 0,005 0.04 1 9.0 1 9,0 0.2 0.7 0.6 5.6 Remain-  
0.6 0.08 21 . 0 21 ,0 6.1  der 

J  -- 0, 02 1 .0 1 . 0 -  2.0 1 . 0 26.0 Remain-  

30.0 der3)  

K 1 .2 0,003 0,02 1 2. 0 1 8.0 0. 1  2. 0 1 .0 3.5 Remain-  
1 .6 0,01 0 0. 1 0 1 5. 0 21 ,0 5. 0 der 

L -- 0, 02 2.5 1 4,5 - 4. 0 1 . 0 1 5.0 Remain-  
1 6,5 7.0 1 7.0 der 

I )  Al loy letters are used i nstead of commercial  names unti l  a neutral  IS0 designation is developed.  

2)  Where no l imi ts are given,  the maximum cobal t  content is 1 . 5 % (m/m) .  

- 0, 020 1 . 0 0.2 Pb 

0.6 0,005 

- 0, 01 5 1 . 0 2. 0 Zr 

3. 0 0. 1 5 

- 0, 01 5 1 . 0 0. 9 Zr 

1 . 5 0. 1 5 

- 0, 007 0.4 1 . 9 Ti  plus Al  

2.4 2.4 to 2. 8 

0,040 0,035 0. 1  -  -  

0, 01 5 0, 01 5 0. 1  2. 8 Zr 

3. 3 0.02 to 0. 08 

0, 040 0,035 0.08 -  v 0. 35 

w 3.0 to 4.5 

I  rnhal t rnlwWc as nickel  i n  some al lnvs 

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                                                                                                                                                                                

                                                                                          



IS0 1 1 437-1 :1 994(E)  

ICS 77.1 20.40 
Descriptors:  nickel  al loys,  chemical  analysis,  determination of content,  trace elements,  atomic absorption spectrometric method,  

general i ties.  

Price based on 1 0 pages 

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                                                                                                                                                                                

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 


