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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. Each 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.
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TECHNICAL REPORT ISO/TR 4644:2021(E)

Nickels, ferronickels and nickel alloys — Standards for the
determination of chemical composition

1 Scope

This document lists the International Standards which are currently available for the determination of
the[chemical composition of nickels, ferronickels and nickel alloys (see Clause 4).

It provides details on the range of application and gives the principle of the method descrihed in each
Int¢rnational Standard (see Clause 5).

Antex A shows graphical representations of the content ranges of the methodsflisted in this document:

— | Figure A.1 represents the fields of application of the methods available for the threde kinds of
matrixes;

— | Figure A.2 gives the content ranges of the methods for nickels;
— | Figure A.3 gives the content ranges of the methods for feprenickels;

— | Figure A.4 gives the content ranges of the methods for nickel alloys.

>

Annex B provides a bilingual key of the abbreviated terms used in the figures given in Annex A

2 |Normative references

Thdre are no normative references in thiss*document.

3 | Terms and definitions
For|the purposes of this document, the following terms and definitions apply.

[SOjland IEC maintain tepminological databases for use in standardization at the following addresses:

— | ISO Online browsing platform: available at https://www.iso.org/obp

— | IEC Electropedia: available at http://www.electropedia.org/

31
referee method

stolchiometric method or a method calibrated against pure metals or stoichiometric compoulnds, which
is use@for certification analysis or in case of arbitration Uln

Note 1 to entry: Due to a lack of accuracy or to a low number of laboratories having participated in the related
validation tests, some stoichiometric methods or methods calibrated against pure metals or stoichiometric
compounds cannot be taken as “referee methods”. They are published as Technical Specifications or Technical
Reports.

[SOURCE: CEN/TR 10261:2018, modified — Note 1 to entry has been added.]

3.2

routine method

method calibrated against reference materials, certified reference materials or against standard
solutions commercially available that is widely used for control purposes (day-to-day analysis)

Note 1 to entry: By agreement, routine methods can be used for any commercial and/or arbitration purposes.

© IS0 2021 - All rights reserved 1
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[SOURCE: ISO/TR 9769:2018, modified — Note 1 to entry has been added.]

3.3
stoichiom

etry

founded on the “law of conservation of mass” where the total mass of the reactants equals the total mass
of the products, leading to the insight that the relations among quantities of reactants and products
typically form a ratio of positive integers

4 International Standards for the determination of the chemical composition of

nickels,
4.1 Nick

4.1.1 Sil

ISO 6351:1
and zinc co

ISO 7523:1
tellurium a

4.1.2 Ar
ISO 7523:1

tellurium dnd thallium contents — Electrothermal atomic absorption spectrometric method

4.1.3 Bo

ISO 11436
absorption

4.1.4 Bis

ISO 6351:1
and zinc co

ISO 7523:1
tellurium a

41.5 Ca

ISO 6351:1
and zinc co

iron, B (referee method)

erronickels and nickel allnyq

tels

ver, Ag (referee methods)

985, Nickel — Determination of silver, bismuth, cadmium, cobalt, copper, ifon, manganese, |
ntents — Flame atomic absorption spectrometric method

985, Nickel — Determination of silver, arsenic, bismuth, cadmium, ledd, antimony, selenium,
Ind thallium contents — Electrothermal atomic absorption spectremetric method

senic, As (referee method)

985, Nickel — Determination of silver, arsenic, bismuth, cadmium, lead, antimony, selenium,

1993, Nickel and nickel alloys — Determination of total boron content — Curcumin molec
spectrometric method

muth, Bi (referee methods)

985, Nickel — Determinatiomn:of silver, bismuth, cadmium, cobalt, copper, iron, manganese, |
ntents — Flame atomic absorption spectrometric method

985, Nickel — Determination of silver, arsenic, bismuth, cadmium, lead, antimony, selenium,
nd thallium contents— Electrothermal atomic absorption spectrometric method

Aimium, Cd-(referee methods)

985, Nickél — Determination of silver, bismuth, cadmium, cobalt, copper, iron, manganese, |
ntents — Flame atomic absorption spectrometric method

ead

tin,

tin,

lar

ead

tin,

ead

QOE Liclen]l  Notoypainatiogy ~f ciliungy gyconis hicyayitlh ~adpairins Joaad aptinaany, calopisy

Do

ISO 7523:1t
tellurium a

A £
TOI, IVICIKCT DT

nd thallium contents — Electrothermal atomic absorption spectrometric method

4.1.6 Cobalt, Co (referee method)

tin,

ISO 6351:1985, Nickel — Determination of silver, bismuth, cadmium, cobalt, copper, iron, manganese, lead

and zinc co

ntents — Flame atomic absorption spectrometric method

4.1.7 Copper, Cu (referee method)

[SO 6351:1985, Nickel — Determination of silver, bismuth, cadmium, cobalt, copper, iron, manganese, lead

and zinc co

ntents — Flame atomic absorption spectrometric method

© ISO 2021 - All rights reserved
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4.1.8 Iron, Fe (referee method)

[SO 6351:1985, Nickel — Determination of silver, bismuth, cadmium, cobalt, copper, iron, manganese, lead
and zinc contents — Flame atomic absorption spectrometric method

4.1.9 Manganese, Mn (referee method)

ISO 6351:1985, Nickel — Determination of silver, bismuth, cadmium, cobalt, copper, iron, manganese, lead
and zinc contents — Flame atomic absorption spectrometric method

4.116—Phosphorus; P{refereemetirod)

ISO[ 11400:1992, Nickel, ferronickel and nickel alloys — Determination of phosphorus tontent —
Phdsphovanadomolybdate molecular absorption spectrometric method

4.1{11 Lead, Pb (referee methods)

1SO[6351:1985, Nickel — Determination of silver, bismuth, cadmium, cobalt{copper, iron, manganese, lead
and zinc contents — Flame atomic absorption spectrometric method

[S0|7523:1985, Nickel — Determination of silver, arsenic, bismuth, cadmium, lead, antimony, sefenium, tin,
tellirium and thallium contents — Electrothermal atomic absorption-spectrometric method

4.1{12 Antimony, Sb (referee method)

[SO[7523:1985, Nickel — Determination of silver, arsenic, bismuth, cadmium, lead, antimony, selenium, tin,
telllirium and thallium contents — Electrothermal atothic absorption spectrometric method

4.1{13 Sulfur, S (referee method)

[SO| 7527:1985, Nickel, ferronickel and nickel alloys — Determination of sulfur content —|lodimetric
titrption method after induction furnace combustion

4.1{14 Selenium, Se (referee method)

1SO[7523:1985, Nickel — Determination of silver, arsenic, bismuth, cadmium, lead, antimony, sefenium, tin,
tellyirium and thallium conténts — Electrothermal atomic absorption spectrometric method

4.1|15 Tin, Sn (referee method)

1S0|7523:1985, Nickel — Determination of silver, arsenic, bismuth, cadmium, lead, antimony, sefenium, tin,
tellirium and-thallium contents — Electrothermal atomic absorption spectrometric method

4.1{16<Tellurium, Te (referee method)

[SO75231985, Nickel — Determination of silver, arsenic, bismuth, cadmium, lead, antimony, selenium, tin,
tellurium and thallium contents — Electrothermal atomic absorption spectrometric method

4.1.17 Thallium, Tl (referee method)

[SO 7523:1985, Nickel — Determination of silver, arsenic, bismuth, cadmium, lead, antimony, selenium, tin,
tellurium and thallium contents — Electrothermal atomic absorption spectrometric method

4.1.18 Zinc, Zn (referee method)

[SO 6351:1985, Nickel — Determination of silver, bismuth, cadmium, cobalt, copper, iron, manganese, lead
and zinc contents — Flame atomic absorption spectrometric method

© IS0 2021 - All rights reserved 3
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4.2 Ferronickels

4.2.1 Carbon, C (routine method)

ISO 7524:2020, Ferronickels — Determination of carbon content — Infrared absorption method after
induction furnace combustion

4.2.2 Chromium, Cr (referee method)

ISO 23156:2021, Ferronickels — Determination of phosphorus, manganese, chromium, copper and cobalt

contents —

4.2.3 Co

ISO 7520:1
method

424 Co

ISO 23156
contents —

4.2.5 Co

ISO 23156
contents —

4.2.6 M3

ISO 23156
contents —

4.2.7 Nig
[SO 6352:1

4.2.8 Phlosphorus, P (referee method)

ISO 1140(
Phosphova

4.2.9 Phosphorus; P (referee method)

ISO 23156

Inductively coupled plasma optical emission spectrometric method

balt, Co (referee method)

985, Ferronickel — Determination of cobalt content — Flame atomic absorptign.spectrome

balt, Co (referee method)

2021, Ferronickels — Determination of phosphorus, manganese, chxomium, copper and co
Inductively coupled plasma optical emission spectrometric method

pper, Cr (referee method)

2021, Ferronickels — Determination of phosphorus, nianganese, chromium, copper and co
Inductively coupled plasma optical emission spectrémetric method

Inganese, Mn (referee method)

2021, Ferronickels — Determination of.phosphorus, manganese, chromium, copper and co
Inductively coupled plasma optical emission spectrometric method

'kel, Ni (referee method)

985, Ferronickel — Determination of nickel content — Dimethylglyoxime gravimetric methd

11992, Nickel, ~ferronickel and nickel alloys — Determination of phosphorus content]
hadomolybdate-molecular absorption spectrometric method

2021, Ferronickels — Determination of phosphorus, manganese, chromium, copper and co

tric

balt

balt

balt

d

balt

contents

Inr]n/‘h'\'ra{y /‘nuplorl plncmn anr‘nl emission cpo/‘fr‘nmnf‘rir' method

4.2.10 Sulfur, S (routine method)

ISO 7526:2020, Ferronickels — Determination of sulfur content — Infrared absorption method after
induction furnace combustion

4.2.11 Sulfur, S (referee method)

ISO 7527:1985, Nickel, ferronickel and nickel alloys — Determination of sulfur content — lodimetric

titration m

ethod after induction furnace combustion

© ISO 2021 - All rights reserved
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.12 Silicon, Si (referee method)

8343:1985, Ferronickel — Determination of silicon content — Gravimetric method

4.3 Nickel alloys

4.3

.1 Aluminium, Al (referee method)

[SO 7530-7:1992, Nickel alloys — Flame atomic absorption spectrometric analysis — Part 7: Determination
of aluminium content

4.3

ISO|
abs

4.3

I1SO|
of ¢

4.3

ISO
wit

I1SO
of ¢

4.3

ISO
of ¢

4.3

I1SO|
of ¢

4.3

I1SO
of ¢

2 Boron, B (referee method)

prption spectrometric method

3 Cobalt, Co (referee method)

7530-1:2015, Nickel alloys — Flame atomic absorption spectrometric.analysis — Part 1: Det]
pbalt, chromium, copper, iron and manganese

4 Chromium, Cr (referee methods)

7529:2017, Nickel alloys — Determination of chromium.content — Potentiometric titrat
h ammonium iron(1l) sulfate

7530-1:2015, Nickel alloys — Flame atomic absorption spectrometric analysis — Part 1: Det]
pbalt, chromium, copper, iron and manganese

5 Copper, Cu (referee method)

7530-1:2015, Nickel alloys — Flameatomic absorption spectrometric analysis — Part 1: Det
pbalt, chromium, copper, iron and.manganese

6 Iron, Fe (referee method)

7530-1:2015, Nickel alloys — Flame atomic absorption spectrometric analysis — Part 1: Det]
pbalt, chromium, cdpper, iron and manganese

7 Manganese, Mn (referee method)

7530-1:2015, Nickel alloys — Flame atomic absorption spectrometric analysis — Part 1: Det]
pbalt;-chromium, copper, iron and manganese

4.3

11436:1993, Nickel and nickel alloys — Determination of total boron content — Curcumin molecular

ermination

on method

ermination

ermination

ermination

ermination

_B_Mg_lybden,u_m,_Mn (rpfnrpn meth nd)

ISO 11435:2011, Nickel alloys — Determination of molybdenum content — Inductively coupled plasma
atomic emission spectrometric method

4.3.9 Niobium, Nb (referee method)

[SO 22033:2011, Nickel alloys — Determination of niobium — Inductively coupled plasma atomic emission
spectrometric method

4.3.10 Nickel, Ni (referee method)

ISO/TS 18223:2015, Nickel alloys — Determination of Nickel content — Inductively coupled plasma atomic

emission spectrometric method

©IS
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4.3.11 Phosphorus, P (referee methods)

[SO 9388:1992, Nickel alloys — Determination of phosphorus content — Molybdenum blue molecular

absorption

spectrometric method

ISO 11400:1992, Nickel, ferronickel and nickel alloys — Determination of phosphorus content —
Phosphovanadomolybdate molecular absorption spectrometric method

4.3.12 Lead, Pb (referee method)

ISO 11437:

018, Nickel alloys — Determination of lead — Electrothermal atomic absorption spectrometric

method

4.3.13 Su

ISO 7527:]
titration m

4.3.14 Sil

SO 7530-9
of silicon c(

4.3.15 Ta

ISO 23166
spectromet

4.3.16 Tit

ISO 11433
absorption

4.3.17 Va

ISO 7530-9
of vanadiu

5 Rang

5.1 NicK

fur, S (referee method)

985, Nickel, ferronickel and nickel alloys — Determination of sulfur contenty— lodime
ethod after induction furnace combustion

jcon, Si (referee method)

11992, Nickel alloys — Flame atomic absorption spectrometric analysis — Part 8: Determina
ntent

htalum, Ta (referee method)

ric method

anium, Ti (referee method)

2020, Nickel alloys — Determination ‘of titanium content — Diantipyrylmethane molec
method

hadium, V (referee method)

11993, Nickel alloys — Flame atomic absorption spectrometric analysis — Part 9: Determina
n content

e of application and principle of the methods

els

5.1.1 Silver, bismuth, cadmium, cobalt, copper, iron, manganese, lead and zinc [Ag, Bi, Cd, Co
Cu, Fe, Mn| Pb' and Zn]

2018, Nickel alloys — Determination of tantalum — Inductively coupled plasma optical emis$

tric

Fion

ion

ylar

tion

Document: ISO 6351:1985, Nickel — Determination of silver, bismuth, cadmium, cobalt, copper, iron,
manganese, lead and zinc contents — Flame atomic absorption spectrometric method.

Range of application:

determination in refined, wrought and cast nickel of:

— silver contents from 0,000 2 % (by mass) to 0,01 % (by mass);

— bismuth contents from 0,001 0 % (by mass) to 0,01 % (by mass);

— Ca

dmium contents from 0,000 2 % (by mass) to 0,002 5 % (by mass);

© ISO 2021 - All rights reserved
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— cobalt contents from 0,001 0 % (by mass) to 1,00 % (by mass);

— copper contents from 0,000 2 % (by mass) to 1,00 % (by mass);

— iron contents from 0,002 5 % (by mass) to 0,15 % (by mass);

— manganese contents from 0,000 5 % (by mass) to 0,20 % (by mass);
— lead contents from 0,000 5 % (by mass) to 0,01 % (by mass);

— zinc contents from 0,000 2 % (by mass) to 0,015 % (by mass).

NO$E 1  The upper limit for the determination of cobalt and copper can be raised to 2 % (by mass]

ification to the method.

'E2 The lower limit for the determination of iron can be extended to less than 0,002 5 9
yided nickel containing less than 0,000 1 % (by mass) iron is used for preparation ofthe standard

hciple of the method:

dissolution of a test portion in nitric acid diluted (1 + 1), evaporatignyof excess acid and
the solution to a known volume;

aspiration of the solution into the air-acetylene flame of an atdmic absorption spectromg¢

measurement of the absorption of the resonance line energy from the spectrum of ea
and comparison with that of calibration solutions of the same element in a matched nick

, As, Bi, Cd, Pb, Sb, Se, Sn, Te and TI]

ument: [SO 7523:1985, Nickel — Determination of silver, arsenic, bismuth, cadmium, lead

ige of application:

determination in refined, wrought and cast nickel of:
— silver contents from(©O,1*ug/g to 10 pg/g;

— arsenic contents from 1 pg/gto 20 pg/g;

— bismuth contents from 0,5 ug/g to 15 pg/g;

— cadmiumrcontents from 0,1 pg/g to 2 ug/g;

— lead\eontents from 0,1 pg/g to 10 pg/g;

—\antimony contents from 1 pg/g to 10 pg/g;

nium, tin, tellurium and thallium contents~— Electrothermal atomic absorption spectrometr

by a minor

(by mass)
solutions.

dilution of

pter;

th element
el matrix.

2 Silver, arsenic, bismuth, cadmium, lead, antimony, selenium, tin, tellurium and thallium

antimony,
ic method.

— selenium contents from 1 pg/g to 10 pug/g;
— tin contents from 1 pg/gto 5 ug/g;
— tellurium contents from 0,2 pg/g to 10 pg/g;

— thallium contents from 0,5 pg/g to 10 pg/g.

Principle of the method:

a) dissolution of a test portion in nitric acid and dilution of the solution to a known volume;

b)

introduction of a known volume of the solution into an electrothermal atomizer of
absorption spectrometer;

© IS0 2021 - All rights reserved
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c¢) measurement of the absorption of the resonance line energy from the spectrum of each element
and comparison with that of calibration solutions of the same element in a matched nickel matrix
using background correction.

5.1.3 Boron,B

Document: 1SO 11436:1993, Nickel and nickel alloys — Determination of total boron content — Curcumin
molecular absorption spectrometric method.

Range of application:

detern
Principle d
a)

b) decom

with phosphoric and sulfuric acids at not less than 290 °C for 30 min;

forma

c)

d) measy

5.1.4 Ph

Document
— Phosphd

Range of a

detern

ferronlickel and nickel alloys.

NOTE1
volatilizatid

NOTE 2
interfering

Principle d

dissoluition of a test portion in hydrochloric and nitric acids;

The lowest phosphorus contént(0,000 5 %) can only be reached in samples with low contents of

dissollition of a test portion in a mixture of nitric and hydrochloric acids;

hination of total boron contents from 4 pg/g to 240 pg/g in nickel and nickel alloys.

f the method:

position of resistant boron compounds (e.g. boron nitrides) by fuming the sample soluf

fion of the boron curcumin complex in a buffered acetic acid and sulfiiric acid medium;

rement of the absorbance of the test solution at a wavelength 0f5543 nm.

osphorus, P

ISO 11400:1992, Nickel, ferronickel and nickel alloys‘== Determination of phosphorus con
vanadomolybdate molecular absorption spectromet¥ic method.

pplication:

hination of phosphorus contents from 0,000 5 % (by mass) to 0,05 % (by mass) in nid

n (for Cr).

plements.
f the method:

b with perchloric acid in a PFA or PTFE beaker and removal of chromium as volg

ylchloride;

bxation of silicon and refractory elements with fluoride ions;

ion

fent

kel,

\s, Cr, Hf, Nb, Si, Ta, Ti, W interfere; but the interferences can be avoided by complexation or

the

tile

complex arsenic.

a)

b) fumin
chrom

c) compl

d)

e)

5.1.5 Su

Ifur, S

conversion of phosphorus to phosphovanadomolybdic acid in a perchloric and nitric acid solution;

extraction of phosphovanadomolybdic acid into 4-methyl-2-pentanone with citric acid present to

Document: ISO 7527:1985, Nickel, ferronickel and nickel alloys — Determination of sulfur content —

lodimetric

titration method after induction furnace combustion.

© ISO 2021 - All rights reserved
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Range of application:

— determination of sulfur contents from:
— 0,001 % (by mass) to 0,3 % (by mass) in nickel and ferronickel;
— 0,002 % (by mass) to 0,1 % (by mass) in nickel alloys.

Principle of the method:

a) combustion of a test portion in a flow of oxygen at a high temperature in a high frequency induction

furnace inthe nresence of fluves and accelerators:
r 7

b) | absorption of the sulfur dioxide formed in an acidified starch-iodide solution and

titration with potassium iodate standard volumetric solution.
5.2l Ferronickels

5.2|]1 Carbon, C

Dodument: [SO 7524:2020, Ferronickels — Determination of carbou-content — Infrared

method after induction furnace combustion.
Rarnge of application:

— | determination of carbon contents from 0,004 % (by mass) to 2,5 % (by mass).

Prihciple of the method:

a) | combustion of a test portion in a high-frequeney induction furnace at high temperature i

of pure oxygen, and in the presence of accelerators and fluxes;

b) [transformation of carbon into carbon’dioxide and/or carbon monoxide;

c) | measurement by infrared absorption of the carbon dioxide and/or carbon monoxide car

current of oxygen.

5.2{2 Chromium, cobalt,-copper, manganese and phosphorus [Cr, Co, Cu, Mn and P]

rontinuous

absorption

nacurrent

ried by the

Dog¢ument: 1SO 23156:2021, Ferronickels — Determination of phosphorus, manganese, chromium, copper

and cobalt contents =>Inductively coupled plasma optical emission spectrometric method.
Range of application:
— | determination in ferronickels of:

—« cobalt contents from 0,24 % (by mass) to 1,4 % (by mass);

from N N76 0L (Ihxy yaacc )+ 1
TT U;U7 0 tO—T

2oy 7 70 Oy IS5 toU—x;

— copper contents from 0,02 % (by mass) to 0,07 % (by mass);

— manganese contents from 0,02 % (by mass) to 1,0 % (by mass);

— phosphorus contents from 0,009 % (by mass) to 0,045 % (by mass).
Principle of the method:
a) dissolution of a test portion with nitric, hydrochloric and hydrofluoric acids;
b) addition of perchloric acid to remove fluorine and silicon;

c) addition of nitric and hydrochloric acids to dissolve the salts;
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d) after suitable dilution and, if necessary, addition of an internal reference element, nebulization of
the solution into an inductively coupled plasma atomic emission spectrometer and measurement of
the intensity of the emitted light.

5.2.3 Cobalt, Co

Document: 1SO 7520:1985, Ferronickel — Determination of cobalt content — Flame atomic absorption
spectrometric method.

Range of application:

— determination of cobalt contents from 0,025 % (by mass) to 2,5 % (by mass).
Principle df the method:

a) dissolyition of a test portion in a mixture of nitric and hydrochloric acids;

b) preciltation of silica by dehydration in perchloric acid;

c¢) removjl of silica by filtration;

d) additipn of lanthanum for elimination of potential interferences;

e) determination of cobalt by atomic absorption spectrometry_ in an air-acetylene flame 4t a
waveléngth of 240,7 nm.

5.2.4 Nigkel, Ni

Document|ISO 6352:1985, Ferronickel — Determination of niickel content — Dimethylglyoxime gravimétric
method.

Range of application:
— determination of nickel contents from 15 % (by mass) to 60 % (by mass).

Principle df the method:

a) dissolyition of a test portion in nittic acid;
b) precipjitation of silica by dehydration in perchloric acid;
c) removjl of silica by filtration;

d) precipitation of qickel from a tartro-ammoniacal medium by an ethanolic solution| of
dimethylglyoxime;

e) second preeipitation of nickel and weighing after drying at 150 °C;

f) determimation of residual nickel in the filtrates by atomic absorption spectrometry.

5.2.5 Phosphorus, P

Document: ISO 11400:1992, Nickel, ferronickel and nickel alloys — Determination of phosphorus content
— Phosphovanadomolybdate molecular absorption spectrometric method.

See 5.1.4.

5.2.6 Sulfur, S

Document: ISO 7526:2020, Ferronickels — Determination of sulfur content — Infrared absorption method
after induction furnace combustion.
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Range of application:

determination of sulfur contents from 0,002 % (by mass) to 0,12 % (by mass).

Principle of the method:

a)

b)

combustion of a test portion in a high-frequency induction furnace at high temperature in a current

of pure oxygen, and in the presence of accelerators and fluxes;

transformation of sulfur into sulfur dioxide;

c)
Doq
See

5.2
Doq

Range of application:

Prihciple of the method:

5.3

5.3

Doq

Determination of gluminium content.

Range of applieation:

Pri

measurement bhuinfrared ahsarntion of the sulfur dioxide carried buv the current of oxv
J r J J

7 Silicon, Si

ument: ISO 8343:1985, Ferronickel — Determination of silicon content-<— Gravimetric met}

determination of silicon contents from 0,2 % (by mass) t6.4,0 % (by mass).

dissolution of a test portion in nitric acid and addition of perchloric acid;

formation of insoluble silica by dehydratieir* in perchloric acid, filtration and weigh
calcined precipitate;

determination of silica by differenceand calculation of the silicon content.
Nickel alloys

1 Aluminium, Al

ument: ISO 7530-71992, Nickel alloys — Flame atomic absorption spectrometric analysis

determination of aluminium contents from 0,2 % (by mass) to 4,0 % (by mass).

neiple of the method:

gen.

ument: ISO 7527:1985, Nickel, ferronickel and nickel alloys — Determination of sulfur [content —
lod{metric titration method after induction furnace combustion

od.

ing of the

volatilization of the silica with hydrofluoric and sulfuric acids, weighing of the residue,

— Part 7:

dissolution of a test portion in acid, filtration and aspiration of the test solution into a nitrous oxide-

acetylene flame of an atomic absorption spectrometer;

combustion of the filter from the acid dissolution and volatilization of silica with hydrofluoric acid;

fusion of the residue with potassium pyrosulfate, dissolution of the melt in dilute acid and

aspiration

of this second solution into a nitrous oxide-acetylene flame of an atomic absorption spectrometer;

measurement of the absorbance of the resonance line energy from the spectrum of aluminium and

comparison with that of calibration solutions at a wavelength of 309,3 nm;

addition of the results found in both solutions.

© IS0 2021 - All rights reserved
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5.3.2 Boron,B
See 5.1.3.

5.3.3 Cobalt, chromium, copper, iron and manganese [Co, Cr, Cu, Fe and Mn]

Document: ISO 7530-1:2015, Nickel alloys — Flame atomic absorption spectrometric analysis — Part 1:
Determination of cobalt, chromium, copper, iron and manganese.

Range of application:

— determination of cobalt, chromium, copper, iron and manganese from 0,01 % (by mass) to 4,0 %|(by
mass)|

Principle df the method:

a) dissolyition of a test portion in a mixture of nitric and hydrochloric acids, evapgdration of a¢ids
excesy and dissolution of the salts;

b) additipn of an ionization suppressant, if necessary, and dilution of the solution to a known volurne;

c) nebulization of the test solution after suitable dilution, if necessary, into an air/acetylene ¢r a
nitroufs oxide/acetylene flame of an atomic absorption spectrometer;

d) measurement of the absorption of the energy of the resonance’line from the spectrum of [the
spectrjum of the element being determined and comparison with that of calibration solutions of|the
same ¢lement.

5.3.4 Chromium, Cr

~.

Document| ISO 7529:2017, Nickel alloys — Determination of chromium content — Potentiometric titration

method with ammonium iron(Il) sulfate.

Range of application:

— determination of chromium from 5 % (by mass) to 22 % (by mass).
Principle df the method:

a) dissolyition of a test portion’in-a mixture of nitric and hydrochloric acids, and evaporation to fumes
of sulfpric acid;

b) dissolyition of the salts in water and oxidation of chromium to chromium(VI) with ammonfum
peroxydisulfate using silver nitrate as a catalyst;

c) removjal of excess peroxydisulfate by boiling and reduction of manganese(VII) with hydrochlpric
acid;

d) titration=of chromivm{VH—with ammonium

nmonivm—iron{}sulfate
detection.

using notentiometric end-noi
U S —potentHometd na I,)lrlt

NOTE1 The method only applies to nickel alloys which do not contain insoluble carbides and which have a
vanadium content less than a mass fraction of 0,2 %.
NOTE 2  Vanadium, which can be present as an impurity in the alloy, gives a positive bias interference.

However, at a level of 0,2 % (by mass), this bias is equivalent to 0,068 % (by mass) chromium, which is about half
the reproducibility of the method.

5.3.5 Molybdenum, Mo

Document: ISO 11435:2011, Nickel alloys — Determination of molybdenum content — Inductively coupled
plasma atomic emission spectrometric method.
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Range of application:

determination of molybdenum from 0,05 % (by mass) to 20 % (by mass).

Principle of the method:

a)

b)

dissolution of a test portion in a mixture of hydrochloric, nitric and phosphoric acid, and fuming

with a mixture of phosphoric and perchloric acids;

addition of hydrofluoric acid and, if desired, an internal reference element, and dilution of the

solution to known volume;

c)

NO’
sanj
int
kno|
adv
whil

highly alloyed metals. All possible interferences are kept at a minimum-level. Therefore, it is essen

spe

5.3

Doq
ato

Rar

nebulization of the solution into an inductively coupled plasma/atomic emission spectrg
measurement of the intensity of the emitted light from molybdenum and, if necessar}
internal reference element, simultaneously.

'E The method uses a calibration based on a very close matrix matching of the calibration soly
ple and bracketing of the contents between 0,75 and 1,25 of the approximate conc¢éntration of n
e sample to be analysed. The concentration of all elements in the sample has,therefore, to be apj

hntage with this procedure is that all possible interferences from the matrixare automatically co
ch results in high accuracy. This is most important for spectral interferences, which can be sey

Ctrometer used meets the performance criteria specified in the méthod for the selected analytica

6 Niobium, Nb

ument: ISO 22033:2011, Nickel alloys — Determination of niobium — Inductively coup
mic emission spectrometric method.

1ge of application:

determination of niobium from 0,1 %:(by mass) to 10 % (by mass).

meter and
/ from the

tions to the
olybdenum
broximately

wn. If the concentrations are not known, the sample is analysed by some semi-quantitative method. The

mpensated,
rere in very
ial that the
lines.

led plasma

Pripciple of the method:

a) | dissolution of a test portion in a mixture of hydrochloric, nitric and phosphoric acid, qnd fuming
with a mixture of phospheric'and perchloric acids;

b) |addition of hydrofluorie-acid and, if necessary, of an internal reference element, and dilytion of the
solution to knownvelume;

c) |nebulization pf.the solution into an inductively coupled plasma atomic emission spectrgmeter and
measuremeftof the intensity of the emitted light from niobium and, if necessary, from the internal
reference element, simultaneously.

NOTE The method uses a calibration based on a very close matrix matching of the calibration solytions to the

sanfple‘and bracketing of the mass fractions between 0,75 and 1,25 of the approximate concentration of niobium

in thé-Sample to be analysed. The concentration of all elements in the sample has, therefore, to be approximately

known. Tf the concentrations are not known, the sample is analysed by some semi-quantitative method. The
advantage of this procedure is that all possible interferences from the matrix are automatically compensated,
which results in high accuracy. This is most important for spectral interferences, which can be severe in very
highly alloyed metals. All possible interferences are kept at a minimum level. Therefore, it is essential that the
spectrometer used meets the performance criteria specified in the method for the selected analytical lines.

5.3.7 Nickel, Ni

Document: ISO/TS 18223:2015, Nickel alloys — Determination of Nickel content — Inductively coupled
plasma atomic emission spectrometric method.

Range of application:

— determination of nickel from 20,0 % (by mass) to 80,0 % (by mass).
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NOTE 1

Besides alloys where nickel is the main component regarding its content level, this method can also

apply to alloys in which nickel has a content as high as several other elements (Fe, Cr, Co) and in which the “main

element” ca
Principle o
a)
b)

nnot be specified.

f the method:

dissolution of a test portion in nitric and hydrochloric acids;

element (scandium recommended);

if necessary, addition of extra hydrofluoric acid and, if desired, addition of an internal reference

diluti

coupld
light (i

<)

NOTE 2
to the samy
nickel in th
known. If {
advantage ¥
trueness. T
possible in]
the perforn

5.3.8 Ph

Document
molecular

Range of a
— detern

NOTE

Principle d

The method uses a calibration based on a very close matrix matching of the calibration solut

nofthe test solution to a3 knawn vn]nmn, nebulization of this solution into an - inducti

d plasma atomic emission spectrometer and measurement of the intensity of the erhit
ncluding, where appropriate, that of the internal reference element).

le composition and a bracketing of the mass fractions between *2 % of the approximate contey
he composition is not known, the sample is analysed by some semi-quarititative method.

vith this procedure is that all possible matrix interferences are minimized, which results in a hig
his is important for spectral interferences, which can be severe in very highly alloyed matrixes

erferences are kept at a minimum level. Therefore, it is essential that the’spectrometer used m
ance criteria recommended for the selected analytical lines.

osphorus, P

ISO 9388:1992, Nickel alloys — Determination of phosphorus content — Molybdenum |
1bsorption spectrometric method.

pplication:
hination of phosphorus from 0,001 % (by mass) to 0,025 % (by mass).
Chromium(111) and silica cause interference which is eliminated.

f the method:

ely
ted

ons
t of

e sample to be analysed. The content of all elements in the sample has, therefore, to/be approximajtely

The
her
All
bets

blue

icid

nce

a) dissolyition of a test portion in nitrictand hydrochloric acids;

b) removjal of hydrochloric acid by fuming with sulfuric acid;

c) oxidatjon of Cr(III) to Cr(¥}) with ammonium peroxydisulfate;

d) precipitation of Fe(Ill)) phosphate and redissolution of the precipitate in a hydrofluoric-nitric :
mixture;

e) additigpn of beric;tartaric and sulfamic acids to complex free fluoride, eliminate arsenic interfere
and remoye\0xides of nitrogen;

f) formation_—and extraction of molvbdonhaosnhoric acid into icnhnfy] alcohol reduction of
heteropoly acid to phosphovanadomolybdate and back-extraction into an aqueous phase;

g) measurement of the absorbance of the aqueous solution at 700 nm.

the

Document: ISO 11400:1992, Nickel, ferronickel and nickel alloys — Determination of phosphorus content
— Molybdenum blue molecular absorption spectrometric method.

See 5.1.4.

5.3.9 Le

ad, Pb

Document: ISO 11437:2018, Nickel alloys — Determination of lead — Electrothermal atomic absorption
spectrometric method.

14
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ge of application:

determination of lead from 1 pg/g to 10 ug/g.

Principle of the method:

:2021(E)

a) dissolution of a test portion in a mixture of nitric acid and hydrofluoric acid, dilution of the test

solution to a known volume and transfer of an aliquot to a plastic vial;

b) addition of a modifier to the aliquot of the test solution and injection of a small volume of this

solution into the electrothermal atomizer of an atomic absorption spectrometer;

c)

5.3

Doq
lod

NEE

5.3
Doq

Detiermination of silicon content.

Rarnge of application:

Pri

5.3

Doq
opt

Rar

measurement of the atomic absorption of the 283,3 nm spectral line energy emitted
hollow cathode lamp and comparison with those of the calibration solutions.

10 Sulfur, S

ument: I1SO 7527:1985, Nickel, ferronickel and nickel alloys — Determination of sulfur
metric titration method after induction furnace combustion.

5.1.5.

11 Silicon, Si

ument: ISO 7530-8:1992, Nickel alloys — Flame atomic absorption spectrometric analysis

determination of silicon from 0,2 % (by magss)'to 1 % (by mass).
nciple of the method:
dissolution of a test portion in acid;

aspiration of the test solution-into a nitrous oxide-acetylene flame of an atomic
spectrometer;

measurement of the absorbance of the resonance line energy from the spectrum of
comparison with thatyf calibration solutions at a wavelength of 251,6 nm.

12 Tantalum;,-Ta

ument: [S0>23166:2018, Nickel alloys — Determination of tantalum — Inductively coup
fcal emisSion spectrometric method.

1geOf application:

by a lead

content —

— Part 8:

hbsorption

bilicon and

led plasma

k|

R Rt : b £ PR £ A4 0/ ¢ 3y (= VANa hY
UCLCTHIIIAUUIT O tdItdIUIIl ITOIIT U, L 770 (DY I1d55] LU O 70 (DY HIdSS]).

Principle of the method:

a)

b)

dissolution of a test portion in a mixture of hydrofluoric, hydrochloric, nitric and phosphoric acid,

and fuming after addition of perchloric acid;

addition of hydrofluoric acid and, if desired, of an internal reference element, and dilution of the

solution to known volume;

nebulization of the solution into an inductively coupled plasma optical emission spectrometer and
measurement of the intensity of the emitted light from tantalum, and, where appropriate, from the

internal reference element, simultaneously.

© IS0 2021 - All rights reserved
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The method uses a calibration based on a very close matrix matching of the calibration solutions to

the sample and bracketing between 0,75 and 1,25 of the approximate content of tantalum in the sample to be
analysed. The content of all elements in the sample has, therefore, to be approximately known. If the contents are
not known, the sample is analysed by some semi-quantitative method. The advantage of this procedure is that all
possible interferences from the matrix are compensated, which results in high accuracy. This is most important
for spectral interferences, which can be severe in very highly alloyed matrixes. All possible interferences are
kept at a minimum level. Therefore, it is essential that the spectrometer used meets the performance criteria

specified in

the method for the selected wavelengths.

5.3.13 Titanium, Ti

Document
molecular

Range of a
detern

NOTE 1
fraction).

NOTE 2
and/or tant

Principle d

a)

b) elimin
acid;

c) forma

d) spectr
about

5.3.14 Vanadium, V

Document
Determina
Range of a
detern

Principle d

dissoluition of a test portion with hydrochloric and nitric acids;

ISO 11433:2020, Nickel alloys — Determination of titanium content — Diantipyrylmeth
1bsorption method.

pplication:

hination of titanium from 0,3 % (by mass) to 5,0 % (by mass).

Modifications in the general method allow the determination of titanium‘inralloys containing tung
@lum.

f the method:

ation of hydrochloric and nitric acids by evaporation to fumes in the presence of sulfj

[ion of a yellow complex with diantipyrylméthane;

ophotometric measurement of the abserption of the coloured complex at a wavelengt]
390 nm.

ISO 7530:1993, Nickelcalleys — Flame atomic absorption spectrometric analysis — Pan
Fion of vanadium content.
bplication:
hination of vahadium from 0,05 % (by mass) to 1,0 % (by mass).

f the method:

ane

Lvidence exists that extension of this method is possible for titanium contents . down to 0,05 % (npass

ten

ric

n of

a) dissolyition 6f a test portion in acid;

b) aspiratmr#mrmmmrmmmWion
spectrometer;

c¢) measurement of the absorbance of the resonance line energy from the spectrum of vanadium and
comparison with that of calibration solutions at a wavelength of 318,4 nm.
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Annex A
(informative)

Graphical representation of the scope of methods described in this

document

1] AQ 1O0 OoO T AAS
Ag ISO 7523 TAAS
Al 1SO 7530-7 FAAS
As ISO 7523 TAAS
o B SO 11436 MAS
Bi 1SO 6351 AAS
Bi 1SO 7523 HTAAS
= C IS0 7624 HFIR
Cd I1SO 6351 AAS
Cd 180,7523 ETAAS
Co.SO 6351 FAAS
- CGo ISO 7520 FAAS
Co ISO 7530-1 FAAS
Co ISO 23156 ICP-OES
Cr IS0 7530-1 FAAS
n CrISO 7529 TITR
Cr1SO 23156 ICP-OES
Cu ISO 6351 FAAS
Cu ISO 7530-1 FAAS
Cu ISO 23156 ICP-OES
Fe 1SO 6351 FAAS
Fe 1SO 7530-1 FAAS
Mn ISO 6351 FAAS
Mn ISO 7530-1 FAAS
Mn ISO 23156 IgP-OES
n Mo ISO 11435 ICP-OES
Nb ISO 22033 ICP-OES
Ni ISO/TS 18223 ICP-OES
Ni ISO 6352 GRAV
= P 1SO 9388 MAS
P 1SO 11400 MAS
P1S0O 23156 ICROES
Pb ISO 6351 FAAS
Pb ISO 7523 TAAS
Pb SO 11437 TAAS
S IS0 7527 TITR
S1S0 7526 HFIR
Sb 1SO 7523 TAAS
Se ISO 7523 TAAS
Sn SO 7523 TAAS
SilSO 8343 GRAV
Si 1SO 7530-8 FAAS
Ta SO 23166 ICP-OES
Te ISO 7523 TAAS
mEs TilSO 11433 MAS
TIISO 7523 HTAAS
n V ISO 7530-9 FAAS
Zn 1SO 6351 FAAS
0,000001 0,00001 0,1 1 10
Key
X |range of application (%)
Y |elements and methods
Figure A.1 — Graphical representation of the fields of application of the methods ava
the three kinds of matrixes
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Ag 1SO 6351 FAAS
HEm  pg 150 7523 .
As ISO 7523 ETAAS
B ISO 11436 MAS
Bi 1SO 6351 FAAS
Bi I1SO 7523 ETAAS
Cd I1SO 6351 FAAS
Cd ISO 7523 ETAAS
Co ISO 6351 FAAS
Cu ISO 6351 FAAS
Fe ISO 6351 FAAS
Mn ISO 6351 FAAS
P 1SO 11400 MAS
Pb 1SO 6351 FAAS
Pb ISO 7523 ETAAS
S S0 7527 TITR
Sb1S0 7523 ETAAS
Se ISO 7523 ETAAS
Sn ISO 7523 ETAAS
Te I1SO 7523 ETAAS
TI1SO 7523 ETAAS
Zn 1SO 6351 FAAS
0,000001 0,00001 0,0’001 0,0'01 O.'01 0,1 1 10

Key
X  range qf application (%)
Y elements and methods

Figure A{2 — Graphical representation of the fields of application of the methods available for
nickels
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