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Foreword

150 {the Intarnational Organfzation for Standardizatisn} is @ worldwide fedaration of
nallonai standards bodies (IS0 rermber bodizs). The wotk of preparing Ietarnational
Standards is normafly carriad gut thrgugh 130 tachnical committees. Each member
body interested in a subject far which 4 tachnical committsA has bean astablished has
tha rght to ke represented con that committes. Interngtional grganizations, govern-
mental angd non-govammental, in [zison with |50, also take part In the work,

Draft Imterrational Standards adopted by the technical committees are circulated to
the member badies for approval bafora thair accaptance as Intarnationsl SErderds by
the 150 Coungil. Thay ara approved in accordance with 150 procedures requiring ac
rast 78 %% approval by the mambear Bodles woting,

International Standard 150 7524 was prepared by Tachnical Committes [S0/TC 155,
Nicke! and nickel affovs.

lUsers sheuld note that all International Standands undergs ravision from timea to tirna
anel that any raforance made hercin to any other Intemationsd Standard implies its
latest editlon, unless otharsdss stated.

@ International Qrganization for Standerdizetion, 1985 W

Printed in Switzorland

Copyrighi by the Mtcrnational Deganization For Standardization
Sal Jan 04 Hk15-56 2000
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INTERNATIONAL STANDARD

180 7524-1285 (E)

Nickel, ferronickel and nickel alloys — Determination
of carbon content — Infra-red absorption method after

induction furnace combustion

1 Scope and field of application

This Internationsl Standard specifles an infra-red absorpion
rmothod after combustion for the determination of the carbon
cantent of micket and ferronickal in the ranga 0,007 to 2,0 %

{(mfm, and of nigkel alloys in the range 0,807 0 0.5 5 fard el
Exarmples of compositions are given in annex A,

2 Reafarencs

IS0 5725, Frecrion of est metiods — Determination of
rapeatabifity and reprovucibility by inter-faberatory t2afs.

3 Principle

Combustlon of & test purlion i 8 fow of exygen gt 8 high
tomperatura in 8 high freguency induction furnace i the
prasence of fluxes and acoelsrators.

Maogsurement of the carbon dlexide formed using an infra-red
gnalyser and an Integration procedire.

4 HReagents and materials

41 Oxygen (O, 83,5 % fmfm minimum,
4.2 Accarite or soda lme, 7 to 1.2 ram [14 1o 22 mesh).

4.3 Magnesium perchlorate [MglClC.l. 0,7 1o 1.2 mm
{74 10 22 mesh]. :

4.4 Glagg-wool.

4.5 Crucibles and lds.

a8.1 Ceramls crucikies shall be of precise dimansions so that
tho cample i3 positioned corroctly in the induction coit of the
fumaca isee 9.1).
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452 For carben levels of less than 0,071 % (w/m) pre-ignite
the erucibies inair or oxygen in & furnace far not lass than 1 hat
1100 " and store in a8 desivcator or closed contsiner. A
resistance furnace with & combustion tube thréugh ywhich a
flow of oxygen passes may be used. Crucible lids, used w1 help
ralaf the solid oxidstion products in the hot zone, are pre-
innitect in & similar rmanner.

4.8 Fluxes: low carbon tin, copper plus fin of coppet
[eea 9.2].

4.7 Acceleratera: low carbon copper, iron, fungsten or
nickel (oo 8.2},

4B Standard refarance steels, conlaining 0,01 to 26 %
{m/ ] carbon. :

5 Appseratus

The apperatus requined for combustion 0 a high frequoncy in-
duction furnace and the subseouent infra-red ahsomtion
measurcrment of the evelved carbon dicxide may be obtained
commercially from & number of fanufacturers. Follow the
manufacturars instructions far the aparation of the equiprnent.
8 pressure regulator is required to contral the oxygen pressure
ta the furnace accarding to the manufacturer's spocificaiion
lusually 28 kMM, Features of commercial equipment are
givan in annex B.

6 Sampling and samples

§i.1 Sampling and preparation of the laboratory sample shall
he carred qut by normal agreed proceduras or, in cese of
dispute, by the ralevant International Standard.

6.2 The lahoratory sample normally is in the form of 3
powder, grenulaa, mitings or drilings and no further props
aration of the sample 15 nacnseany,

B.3 If it iz suspectad that tha laboratory aample 15 con-
taminated with oil or grease from the milling or drilling process,
it shall be cloaned by washing with high purity acatone and
drylng [ air.
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6.4 K the leboratory sampls contains particles o pieces of
widely varying sizes, the test ponion should Se ohained by
riffling.

7 Procedure

WARNING — The rlsks related to combustion analysis
are mzinly burns in pre-igniting the ceramic crucibles and
in the fusicns. Lise crucible tongs at all times and suitakle
containers for tha usad cruclbes. Mormel precautions for
handling oxygan evlindecs shall ha taken. Dxygen from
the combustion process shall be removed effectively
from the apparatus slnce a hgh concentratlon of oxygen
In a confinad space can present a flee hazard.

7.1 Stabilizing the eguipment

7.1.1 Condition end stebilize the equipmert by combusting
saveral sarmples, s'milar to those to be analyeed [7.4), using ap-
prapriate flusxes and accelorators.

KOTE — It |s nat necesary o ase pre ioniled crucibles,

7.1.2  Allow the instrument to cycle several times with oxygen
flowing and adjust the instrurncht 2orc.

7.2 Biank test and rero adjustment

T.2.1 Charge & pre-ignited crucible 14,50 with the quantity of
flux and accalerator ta be usad in tha detarmfnation 7 .41,

T.2.2 Place the crucfble and cantents on the pedestal post of
the frrnpce, raise to tha combostion position and fock the
ayatem, Qperata the furnang in aepordanea with the reenutac-
turer's imstructions, See 9.3 and annex B.

MOTES

1 The reading abtained corresponds to the blank duee to the cryzible,
Flxe and annelaratar.

2 The blany shoukd not excead 9,007 % (/w1 carbon,

3 1f the blank reoding is abnarmally high, inveslipalo and eminate the
stwrce of contamnation.

7.2.3  Adjust the instrument reading using the zero adjusi o,
o DM instrumants, the blznk offset control.

.24 Repeat 7.2.1 to 7.2.3 tu vbiain & reprodusille reading
within the pracizion mitz of the instrurnent.

MOTE — An alturnative pracedurs is te recond e reachng of the biark
lest and make the cormection using 3 calibration graph,

1.3 Calibration

7.3 Selact g series of certifiad standard referenca stoclks
(4.8}
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7.3.2 Weigh an appropriate amount [usually 1,00 g of the
stanclard reference steal 4.8F into a prg-ignitad crugila to
cover the high end of the calibrataon rangs. Add the pre
selected amounts of flux and accelerstor and combust &= in
7.2.2. Mote the instrurnent reading.

7.3.3 Adjust the instrument reading to comespond 12 the cor-
rect fevel of carbon fn the standard refarance stagl according 1o
the manufachrrer’'s oparating inastroctons.

7.34 Hapeat 7.3.2 to check tha repeatability of the reading.

735 PRepeat 7.7 with a standard refaranca rtaal of lmwar
carbon content to provide a calibretlan check gver the required
range, Adjust the limearity control, If availzble, sccording to the
oparating instructions.

MOTES

1 It is cfton canvenicnt and more Agorous ta use fractional masses of
saverdl stundard refarencs staals of high carben contern than a varery
of lewe carbon zamples for this check,

2 Most instruments give & read-out dirgctly a5 4 percantaga by mass
af carbon, howevar, a calibration graph can be plottad.

7.4 Daterminatlan

7471 Waigh, to tho nearsst 0,001 g, 0,8 12 1,1 g of tha tast
sample, and transfer to 2 pre-ignited crucible 14,51 cantaining a
sirtable amount of the preferred fluy 14,60, Add the appropriate
quantity of acealerator (4.7), if required. The flux and ac-
celeratar tsed wil! depend an the individual characteristics of
tiva equipmant and the type of rmaterial baing analysad. Typical
additions to & 1.0 g test portion are 2 g of copper, 210 3 g of
tungston or 1 g of copper plus 1 g of iran. Place the crucible lid
i pogition,

7.4.2 Place tha crecible and contents on the pedestal post of
tha furnace, raise to the gombustion position and lock the
sysem. Operate tre furnyog i accordance with the mianufac-
turar's instructinng. Sea 9.3 and annax 8.

F.4.3 HRecord the analyssr reading and repaat the deter-
minaton.

MOTES

1 It s important thet a high eenpoestoi be moaimaieced alwe the
sarmplo is fused o ensure compboto transfer of the carkon dickide from
the furnace to the infra-red analyser.

2 A guisscunt corbustlon b necossary o aveid splashlng on bo the
crucrble [id where the fused mass may e removad from the indugtion
hoacing zane,

B Expression of results
8.1 <Calculation

8.1.1 if the instrumeant has been calibrated to give a read-out
tiractty a7 2 parcantage by mass of carbon with sutomatic
companaation for the mass of the tast postion, tako the oworage
of the two determinations and raport the rasult,
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8.1.2 If the instrument hae been calibrated based on 2 1,00 g
test portion and doss not have sutoratic mass eampansation,
divide gach reading by the respactive mass, in grams, of the
tost portfon, Averago the two detarminations and report the
result.

£.1.3 With soma instruments i will e necassary 10 prepare 3
calibretion graph of instrument reading versus the mass, in
micrograms, of carbon. Read off the graph the mass, in
micrograms, of carbon in tha test portion, correct for the blank
and mass of the test portion. Average the two detarminations
and reporl the result,

8.2 Pracizion

The mathod specifled In this [nternational Starclard was sub-
jectad to an interlaboratory test programme Imeolving aight
laboratorias in five countries. Flva samples wore analysed in
duplicate, suvording to the procedure, on two different days.

Repeatabilivy and reproduihility ware calculsted aecording to
IS0 5725 with the results glven in table 1.

9 NMNotes on procedure and egquipment

8,7 Crucibles and lids

Caramic crucibles are requirad for containing the sample, any
addltions which may be recesasary and for the subsequent
feigion, Thay shall be of precise dimenslona for the systam and
fit the supparting pedestal post so that the test portion in the
crucihla s positionad correctly within the inducticn ool far
heating.

Typical dimenalons of combostion crucibles are

haight A mm
axlormal dismeter 25 mm
intarnal diamater 2 mm
wiall thicknass 25 mm
thicknass of baze B mm

. sda3b g whabil3ag 3
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Crucibles gre pre-ignited at 1100 “C In oxygen 1o remove
carbon, Lids, placed an the crucible, halp to rotain thy solid
oxidation products: In the hot zone Of the induction coit. Tha
prucibla lids are pre-igrited in a =imilar manner to the crucibles,
aaa 4,52,

9.2 Fluxes and accelerators

8.2.1 A Mux adeliion has the effect of banding together small
particles of sample for more effactive furnacs coupling and to
produce & more fluld melt, Tin, coppear plus tin, copper and
tungsten have been found satisfactory,

89.2.2 Copper, iton, tungsten and nlckel are common 3c-
calerators, An accolerator addition is made for several reasons:

al to provide a good eoupling medium far inductian
heating for an otherwlse unsatisfaciony sampla, far exampla
a finoly divided sample of materlal of complex caomposition ;

Ll e acl as a chamical fugl to incresss the combustion
temperatore ;

¢!t increase the mass of material in the crucible without
increasing the mass of the test portion when it is nacessary
to use small samplea.

Any flux or accalerator shalt have a low carbon content and be
used In the celibration procedurs. The total blank from all
gources |oxygen, refractories, flux and aoceleratort shall nof
excead 0,001 % {mfnel carbon.

MOTE — Some materials act as hoth 8 flux and an accaleatar.

9.3 Featuras and operation of high frequancy
induetion furnaces

9.3.1 Featurng of commercidl egulpment are  given in
ahnex B,

9.3.2 Purify the oxygen supply using tubes packed with
ascarite (4,21 and rnggnesium perchlorate (8.3) and maintain o
flow rate of sbout 0,5 |/min while an stand-by.

Tabkle * — Hasults of sratistical analysis

Within Between
Meaar carbon -
Mstal or alloy contant lagoratory Inboratofies Repestabllity, » | Reprodueibility, ¥
[% T en] davlation, 2, deviation, sy, '
Farranickai
AZZ f4 1,000 8 0,000 & 0,001 7 0,002 4
B3 0,081 0,001 & 0,000 1 0.0 5 0,004 6
AdB 1.84 0,012 0,068 0.0%3 0,19
Nickel
SRS 025 0,000 & 0,003 3 1001 8 4,002 0
MNickel alloy
2 [A 5] 3,070 0,0m 7 oo 7 11,007 1 0004 1
121G 0,233 a,001 4 0,00 3 0,004 1 412
45 {C*) e Q.000 7 0,001 & RERN: 00a 3

*  Aafers to ally Eypa In table 4,
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8.3.3 Maintain & glass-wool filter hotwsen  tha fumace
charmbaer and the analyser and change 8 necessary, The Tur-
nace chamber, padestat post and filer trap showld be cleaned
frequently to remiowe axide rasiduos.

9.34 The manufecturer may recommend setling the pro-
grarnming unit to give & pre-bum period befere owyger snters
the furnace chanber. Tha test portion should be at & red heat
during the pra-burn period. When axygen s introduced for the
combustion stage the temperatura incraases substantislly,

8.3.6 The tempersture reached during crmbustion depands
on the furnace, anc the type and quentity of metel in the crg-
ciplg. A high tormperature (> 1700°C) 1= maintained after the
tast portion is fused so that tha carhon digxida mey be com-
plete’y reroved from the furnace to the infra-red analyaar.

9.3.6 The flow rata of axygen imoy vary from ono instrarnont
to another but 15 usually about 2,0 femin during the combustion
pErfiod.
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9.3.7 After the equipment has baan idle fok a few hours or
after cleaning the furnace chamber or filters, the instrumant
should bo ztabilized as directed in £.1.

10 Test report
The test report shall include the following informeation ;
al  the reference ta the method wsad;
by the results of the analysis;
] the number of indepandan: replicatians
di  any unusual features noted during the analysis;

2] any ooaration not meluded o this Ieternational Stan-
dard or regdrded a3 optionat,
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Annex A

Examples of compositions of nickel, ferronickel and nickel alloys

{This annex does not form part of this International Standard. )
The exampiss of campasitions given in takles 2, 3 and 4 arc net to be Intarpretad as specifications for chemical compositions.

Tahla 2 — Examples of compoeition of nlekol [Y%)

. Co c Cu i Fe 5
Ni + Co tmax.) [max.] (e, {max.| (max.)
09 a5 0,1 0015 0,008 0,02 0,002 &
oA 04,5 0,03 0.03 11,03 0,03
24,0 1.5 015 0.2 1,4 0,0
Table 3 — Examples of campesition of ferronlekal {31
. Cr 2o ] =18
Type Ni ¢ 'max.) .t Fe tmax.) trmas,]
LC 15 0,405 0.0 0.2 Rem. (PR r] 0,20
60 303
MG 15 13 G 0,20 Fom, 0,10 1.0
a0 1.0
HC 18 1.0 20 0.2 Hem. 0,40 4.1
Rl 25

Copyrighi by the Mtcrnational Deganization For Standardization
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MOTE - Go ig uaually 1740 1o 15250 of Mi,
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Tehle 4 — Examnples of composition of nickel alloye {31

AlloyE | Al B cC Cad Cr Cu Fe Mn | Mo ) P > 8i Ti Cthars
A - N . |0l 25 [ 28 | — | ao% — | ogm: |06 | - —
1.0 |
B ; A TR Ma | o5 &0 ;10 | — | 720 — | oo |08 | - _
17.0 14,0 ;
c |os | — |omw | — | 0| 05| 50| 10| — | 700® 000 | 0.5 | 2.2 | NbplusTa
| _ 17.0 ag : 28 | 67112
D b2 | ooes | om | — 170 | 03| Aem. | 04 . 22| 500 | 0,016 | 0016 | 0.4 | 0.8 | NbphusTs
0.4 i 21,0 23| B6.0 1.2 | 47tehs
E (o35 — [o1e, — [ mo| e7|rem [ 05| — [ 300 — [oms |10 |os5| =
0,60 23,0 35,1 0,60
F — — | ooe | 50 180 | 05| 50 | 1.0 Rem.®| — | o002 | to |02 Ph
0,15 2.8 0.6 0,005
& 1.0 (o0 | 913 | 59 | 80 ! oz | 16 [ 10| ~ | Rem. - oo [ [ze z
2.0 210 | 21,8 ! 2.0 0,15
H 4.5 0G0 02 18,0 14,10 0.2 ¢ 1,0 1.0 4.5 R, — 0015 1,0 L9 i |
39 |o0we | v17 | zzo | 67 5.5 1,5 0,18
| 03 | o005 | ome | 190 | 1o | o2 o7 o | 56| Ren | — | 000704 |12 | Tiplusa
0.6 pog | 2t0 | 210 g1 | 24 | 24tw028
3 _ — | ooz | 10| 1o 20 ' 10 | 260 |Pem | 0oe0 | 0085 | 01 | — _
30,0
K 12 oo | ooz | 120 [ 80 | o1 2o i 10 | 265 Rem | 0on5 | 015 [ 01 | 2a ES
1.6 | mom | oie | 150 | 210 ; 5.0 32 | 002008
L — — oo | 25 | 145 | — 40 | 1.0 [ 150 Rem. | c.40 | 0035 | 008 | — V0,35
E 16,5 7,0 17,0 I: W3IDtodh

1} Single walu=s are maximum limits, except for nickel, whote sihgla valuss ara reinimam.
b Ailoy letters are used instead of commmercial ramcs untl & noutral 150 designation = devercpad.
3t where na linfes are glvan, cooalt k& up m a rmaximuorre of 1,5 %h (mim;.

4| Cobhalt counta ag nickel in some al oys.
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Annex B

Features of commercial high fraquency induction furnaces and infra-rad
carbon analysars

iThis annex dess not form part of this International Standard. b

B.1 Combustion furnace

B.1.T The combustion fumace consists of an induction ceil and a high fraguency generator, The furngce chamber consists of o
gitica tube which fits inside the induction cofl. This tube has metal plates at the top and bottom which are sesled to the tube by
Ciringr. Gas inlot and outlet points are made through the mctal plates. '

B.1.2 The generator is usually a 16 t0 2,6 KV A apparent powat dnit but tha fraquoney used by varioug manufacturers may be
different. Values of 2 to B; 15; and 20,0 MHz kave been used. The power from the generator is fed to the induction coil which sur-
rounds the silica furnace tube and is usually forced air cooled.

B.1.3 The crucible containing the sampls, flux and accelerator [s aupparted on a pedastal post which is precisety posltioned so that,
when raiced, the metal in the crucinfe ia correctly pfacad within the induction coll for effectlve coupling whan the power is applied.

B.1.4 The induction coi dizmeter, the nurmker of turns and the furnace chamber geometry and the powar of the ganaratar deter-
mine the degree uf coupling which can occur. These factors are determinad by the instrument manufacturar,

B.7.5 The temperature atalned curing combustion depends in part vn the (aclers in B.1.4 but also an the characteristios of the
metal inthe crucible, the form of the test portion and the mass of matedal. Some of these factors may be varied to some extent by the
opatator. '

B.2 Infra-red gas analyser

B.2.1 In most instroments tha gaseous products of combustion are transferrad in @ continuous flovr of oxygen to the analyser
system. The gazes flow through an infra-rad call, for example of the Luft type, whers the abeorbance of tha infra-red radiation due to
carben diovide is measured and inegrated over a pre-progremmed tme pericd, The signal i amplifled and converted to 8 digitsl
dizplay of the percentage concentraticn of carben.

B.2.2 In snme anabysers the products of combustion may be collzcted in oxygen in a fiked volomes ot contrllad pressure and the
mixture analyaed far carbon diceddo,

B.2.3 Eleciranic controls are ususlly provided for adjusting the instrument zere, comtpenaating for the blank, adjusting tha slope of
the catibtatian line and corroction for non-inear response, The analyser penerally has means of entering the mass of the standard ar
tast portion for automatic corraction of the read-out. Inatruments may alse ba equipped with an integrated sutarmatic balance for
waighing the crucibfe, weighing the test portion and transferring the mass to the anafyser.
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Annex C

Alternative non-aqueous titrimetric finish for determination of carbon

i This annex does not form part of this Intcrnational Standard. )
C.1 Tha products of combustion ara passed through an absorhing solution cantaining an organic base to trap the carbon dicxide.

.2 The abeorbad carbon dioxids is titrated continuousiy with an organic-base golution. The and-point of the titration ls deter-
mired by 8 coloured indicaior of elactiormetric device.

C.3 The absorbing solution consiste of 22 ml of moneethanolamine, 12 ml of a thymolphthalsin solutlon conslsting of 0.1 g
thymaotphthalein dissolved in 100 ml of mathangl, and the balance dimathyl[fermarmide tomake 1 litre. 20 ml of this solutlon |s placed in
tha tittation vassel and several drops of tetra-r-butyl ammenium hydroxide titrant are added to give the solutlon a pale blue colour,
The carbon dioxide desolorzes the solution end, as the combustion procoads, titrant is added to maintain the original blua calour
prasant. The volume of the Btrant reguited is used to calcutate the smount of carbon in the test portion.

C.4 Two faboratotiss tested this technique on the samplgs roported in B.2 with the resulte ghwen in table 5.

Tabia & — Results from titrfmatric finish

Carbon contant [% {#rrm)]
Meial or alioy Lahoratory 1 Laboratory 2

Ferronickel

B 0,087 0,053
Mickel !

8485 0,028 ) 0,028
Mickel ailoy

134G 0,238 0,20

4340 %) a,00% 0,062

*  Hafars to allay type in table 4,
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