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Foreword

IS0 1tha Internatinnal Crganisation for Slandardizatinn is 8 workchwirde federation of
naliarsl starrdardy bodies (S0 member bodiesl. The wos% of gpreparing [nternational
Standards s nurmally carried et thrangh 150 technical committees. Each member
body nterostad inoa subject for which a techsrcal cammittes hag been estatriahed has
the right to ke represented on chat committes. International crganizations, govern-
mental snd non governmental, in liaisen with 150, also take 2art in the waork.

Dmaft Imwrnational Stendards adopted by tha cechnical cormmittess ave cinculated to
tha mambar bodies for sporoval Before their aceaotance &g Internaticenal Standards by
the |50 Cooneil, They are approved in accordance with 150 procedures requiring at
laget 75 % approval by the member bodics voting,

Interngzional Standard 150 726 was preparedd by Technicel Committes 1IS0O/TC 155,
Nicked and nickal afioys,

Lgars should note that ail Internat ona Swendards undergo revision trom time to time
and that any reference made harein ta any other IntorRational Sandard mplies s
latest edition, unloss othonaiso atatod.

% intarnatianal Organization For Standardization, 1965 @

Printad in Swiszor ard
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INTERNATIONAL STANDARD

1S0 7526-1985 (E)

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

induction furnace combustion

1 Scope and flefd of appllcation

This [mternatlaral Standard spacifies an infra-red ahsorptian
rethod aftar sambustlon for tha dotgmmination of the sulfur
content of nickel and farronickal in the range 0,007 to 0.3 %
[z}, and of nickal allovs in the range 0,007 ta Q0,7 % (mimh.
Examples of composilions are given in annex A,

MOTE — It may be possibly to apply iz methed in the range 9,000 2

to 0,001 85 [eefm). Hawewvor, thoto were ingufficiant labaratary test
tdata to supporl tlee Tnclozion of this [owsar el in the scopa.

2 Heferencas

IS0 5725, Freeisiua of jesl inethods — Determination of
repeatalifity and reproducibility by ner-faboratary w0sts,

IS0 7525, Aickel — Determination of sulfur content —

Methpong Hfue molecuisr absorplion spectrometric method
after generation of Medragoen suifide.

3 Principle

Combustion af a2 test partfon in 8 flow of oxygen at & high
ternperature in 8 high fraguencey induction fumzce 'n the
prasance of fluxes and accelerators.

Massurament of tho sulfur dioxide formed using an infra-red
anehyser &ucl an integration procedure,

d Reaagents and materials
4.1 Owygan{0;). 385 % (m/m) minimum.
4.2 Asgcarlte or soda lime, 3,7 10 1.2 mm (14 to 22 mesh].

4.3 Magnagium parchlorate [Mg{Ci0yis], 0.7 to 1.2 mm
{14 to 22 meshb,

4.4 Gleas-wool.
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4.5 Crugibles and tds.

4.58.1 Ceramle crucitles shall Be of pracise dimeansions so that
the sampla is positioned correctly in the induction coil of the
furnace taee 9.1). '

4.6.2 FPre-ignite the crucibiles in alr o oxygen in 3 furnace for
not I0ss than T hat 1100 °C end store in a desiccator or ¢losed
containgr. A resistance furnace with 8 combustion tuba
through which a flow of oepgan paszses may be used. Crucibla
lics, usad to help retain the aofd oxldatan produsts in the hot
2one, ara pre-ignited ino= similar manner,

4.8 Fluxes: Low sulfur tBn, copper plus tin, copper or
vanadiurm pentoxide (see B2),

4.7 Acecolarators: Low sulfur copper, iron, tunhgston or
nickel [see 9.2],

4.8 Mickel, low sulfur of known velus | < DKM % (refmll.

49 Standard reference steels, containing 8,1 to
0,2 % twrfan sulfur.

5 Apparatus

The apparatiss requirerd for combostion ina high frequency in-
ducticn furnace eand the subsaguent infra rod absorption
measurement of the evolved sulfur dioxlde nay ba obtained
commarcially from 2 numbar of manufacturers, Follow tha
manLiacturer's instrdctions for tha operation of the equipment,
A pressure regulator is reguired looconirgl the oxygen pressune
to the furnace according to the manufacturer’s spocification
{usually 23 kM/m¥). Fosturos of commercial equipment ar
given In annex B.

6 Sampling and samples

8.1 Sampiing and praparation of the laboratory sample shall
be carfied out by normal agreed procedures o1, 0 cage of
dispuly, by Lhe cedevard Iretarmatonal Stardard.
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8.2 The laboralary sample noomaly is in the form of a
powdor, granuios, millings or deillinns and no further pap-
gration of the sample s recessany.

8.3 If il is suspectod that the faboratory samole s an-
+amineted with ail ar greass fre the miling ar drilling process,
it shall ke clzaned by washing with nigh purity acetong and
rdivingg in air.

6.4 If the Bbomlory sample contains partices or pieces of
widely warving sizes, the test portinn should ha abtainad by
riffling.

¥ Procedure

WARMING -- The risks related to combustion analysis
ata mainly burne in pre-igniting the ceramic crucibles and
intha fusions. Usa crucibla tnngs at all timeas and suitable
containers for the used crucibles. Narmal pracaut|ons for
handling oxygen cylinders shell be taken, Oxygen from
the combustion process shall be rermoved coffactively
from the apparatus since a high concentration of oxygen
In a conflned space can presant a fira hazard,

7.1 Stahilizing the equipment

711 Cordition and stahilize the anuipment by combusting
severd| samples, sirmilar to those to be anakys2d 07,40, using ap-
prapriato fhuses and accolorTtors.

MTTE — It is nof necossa-y ta wsn pro igrited cruciblcs,

T8 Allony the instrurent to ovele savaral fimes wilh oxge)
flowing snd adjust the instrument zoro,

7.2 Blank tast and zerc adjustment

121 Charge a pra-ignited ¢rucitde (.50 with tha quaniity of
flug and Beeeleraror to ve gued in the detesmination (7,41 and
add 1.00 g of purc nickal of known low suifur cantant {4.8).

7.2.2 Place the crucble and contents on the padestal post of
the furraoe, reisa Lo g combasbicon position andd Tock tha
syslam. Oparata the furnace in accordsnoe with the manufze-
urer's instructions, See 9.3 and annex B,

MOTEES

1 The reading aMaines corrcsponds o the bk dus e Lhe creble,
flus, accukratur amd sulfur i the pors ookl

2 Tho blank should aot exceed 0,007 % Ood @b sulfur.
2 I rhe hlank reading is alnornally Righ, Sneesligaee and climirals

the source of contamination.

7.2.3 Adust the instrumert reading using the zore adjust or,
an 2o inasbuments, [he blank oflsce condrol, to oead the
gulfur value of the nickel 14,8;.

7.2.4 Repzat 7.2.1 to 7.2.2 10 chlair o repeeducrhle roading
Within -he peacizian omils o the inghoorment.

NOTE — #Analtrrrative procedure ia o racerd the reading af *he hlan
tust wnd maky the correction using o @l braten graph
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7.3 Calibration

T.3.1  Select g4 cenified standard relerenee steal 44,81,

MOTE - Fat freranwkal, roferoinee matoriale with 8 kighar sulfur
conlanl arg ngagl

7.3.2  Use the vertified standard refergnee steel in congunotion
with pure mickel of low sufur content <008 9% {mfml]
which is known or has boen determingd by 150 7525,

T.3.d Weigh appropriote propotions of tho fvwo inatariala
[7.3.1 and 7.3.2}) into & pre-ignited crucible, to cover the high
and of the calibralion ranga. Add the presslactad amaounts of
flux and accelersmar and combret ag in 7.2,2. Mote the Instru-
mnt regding.

134 Adjust tha instrumaert raading to corragspond to the cor-
rect level of salfur in the mexture (7.3.3 according o the
mcnufoctrcss oporating instrections.

1.3.5 Repsat 7.3.3 10 check the repeatahility of the reading.

736 Repest 7.3.3 with different ratios of the reference
samiple ang pute nicksl 1o pravide 3 calibration check over the
requirad ranga.

T.3.7 Toble 1 illustrates tha ves of tha ralibration tachnique
using & vertified  stancdargd relerence sleal conlaining
0,100 % (mfmy & armd 2 reference nickel sample contalning
0.00" % (i 8.

Tabla 1 — Calibration axample

Masze of steal Mass of nickel sl:lz:érn?g:;ﬁ:t
fal +] e (e
0,500 [.ED 0,0RD + 0,000 6
Q.30 G, 0030 + 0,00 7
0, 1410 G, 90 0,000 1 005
0 | 1,00¥] 001 0

7.4 Determinetion

F AT Waigh, Lo tha noaast 0007 g, 0,8 1,1 g of tha Lost
sample, &nd transfer to a pre-ignited cructtzle (4.5 containing &
suitable amoLnt of tha prafasad flux (4.6, Add the appropriotas
nuantity of acoclemtar (&7, iF eoquired. "he Flux and ace
relarator used will depand on the individual charaeteristios of
the equipment and the type of materisl being analvaed, Typlcel
additions tc a 1.0 g test portion are 2 g of conper, 1 g of copper
plus 1q of ron, 2 to 3 g of wngsten, or 1q of venadium
pentoxide plus 1 g of ran powder, Place the cruciple lid in
position.

7.4.2  Placa -hy arucibie and contarts an the padestal post of
tne furndce, raigse to the combustion position and lock the
ayato, Oporate the furnace in accordanca with the ntanofac-
larer's imslructinng. Seo 9.3 and annex B.



7.4.3 Record tha anilyecr rcading and repest the detor-
rarnation.

NOTES

1 It "3 important that a high tenpoerstara be maintsined efter the
saniple iz fuzen tn rnaure complete truasfar o the sulfur dioside from
the furnace to the infre-red analysar

2 A quissccht combusion iz necessany ta Bvoid spashing on to tho
crucible lid whare U fuserd masa nay be removod from £ incuction
heallng 2one.

B Expression of results
8.1 Calgulatian

8.1.1 |If the instrument has been calibrated 1o give a read-out
diracthy AR @ prrcentage by mass of sulfur with automatic come-
penaation for the mass of tho test partion, take tho average of
thi twa determinationa and repart the rasult,

8.1.2 If the instrurnent has bean calibrated based ona 1,00 g
test portfon and does naot have asHnmatio mass compansation,
divide cach reading by ihe reapective mess, in grams, of the
test portion. Average the tWwo determinations and report the
racult.

A1.3 With sorme instrurnonts it will be recessary to prepare a
calibration groph of instrumaent reading worsus tho mass, in
microgearns, of sulur, Read off the graph the mass, in
ricrograms, of sulfur in the test porticn, correct for e blank
and maze of tha tast portion, Average the two determinations
and report Fre resill.

B.2 Precizion

The method spacifiad in this International Standard was
sabjected v an inlarlaboalory lEst prograrmime  invelving

m - -~ UYudsolrp 1 .
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14 laboratories in six countries. Eleven sampios war analyscd
in duplica®n, according to the procedurg, on twa different days.

Repnatability and reproducibility wers ca'culated according to
IS BT gyith 1the restlts givan in fhis 2.

9 MNotes on procedure and equipment

9.1 Crucibles and lids

Ceramic crunihles are raruirad far containing the sarmo, any
additinns which way bes necessary snd for the aubsequent
fusion. Thay shall be of precse dimensions for the systerm and
fit the supportdng pedastal post 5o that the test pertion in the
crucibta s positioned correctly within the induction coil for
heatlng,

Twpical dimansions of combustion crucibles arc

haight 25 mm
swterngl tlarmatar 25
internal dizmeter 20 mm
wall thicknass 2,5 mm
thickness of hase A vran

Crucibles arg pra-ignited at 17100 “C in oxygen to remove
sulfur, Lids, placed on the cracible, heln to rotain the solid
axidation products in the hot zone of the infduction ooi. The
crucita lics am pro-“gnited ina simitar marner to the crucibles,
see 4.5.2,

3.2 Fluxes and accelaratars

9.21 A flux addition has the alTesl of berding togalior smal’
particles of sample for more effective furmace coupling and to
praduce a more fluid melt. Tin, coppor plus tin, copper and
yanadiam penlosud s have been found satisfactony,

Tahle 2 — Results of statistical analysis

Within Between
Mean sulfur ] '
Metnl ar slloy ot tent '::':r:;;?? I":ﬁ:_?;g;f“’ Repeatabilivy, » Reproducibility, 7
[ [rfem]] deviation, T deviatlon, &,
Farronichal
AR 0,020 0,000 & M 0007 2 0,74
Als 0,023 1,0 3 01 7 k) 9 0,006 0
1 1,024 g0 s o0 0057 4 0,013 2
o2 11,848 {00 003 0 002 1 0003 &
C3 11,074 400 9 00031 pA2 s 00331
o} 04,20 4,003 3 0% : ,008 0,038
Micheal
HM* (000 £ I e 14 0000 15 0,000 4 04005
Y5 06 3 o,u0n 2 0.ach & : 0,000 5 0,401 §
YE ¢m2 0,000 3 0,001 3 ' 0,000 7 o0 8
Mickal alloy
AR TH' ) 100t 5 0,000 2 0ac0 g 0,000 G 0014
A (B 1016 [VEEY 187 g.a0in 0001 B 033

*  Below soopa, includat Tor Inlormaidon,

**  Rafere to alloy type in table 5,
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922 Copner, irgn, turgsten and nickel are common au-
celerators. An aceeeratnr addilion is made For several reasaas:

al b pravicdle g oeod ceupling modivm for induction
heating for an othenvise unsatisfaoony sample, for exarrnle
a finaly dividerd sample o material of complex compaositfon

Bt act 4s a cherncal Tual Lo ncrease the sambustioo
Tl'-?‘l‘l"pﬂl'ﬂt ura )

ol o increase the moss of material 0 the crucihle without
ircrazaing the maes of tha 1est portian when it s necossary
st sl sariphes.

Ay Flux or accelaralor shall have a lowy sulfur content and be
wsed in the calbration orocedars, The todal biank from all
sOUrCRS |ouygon, fatractories, fux aed accelaratar] shall At
pxeped 0007 25t m) sulfur.

MUETE — Sama matarizle aot A5 both A Hhae and an eccrerstar.

8.3 Features and operation of high fraquancy
induction furnaces

9.31 Fealres of commencial equipment  @re given in
armes G.

53,2 Punify the osygen supply using tubos packed with
gscarfte (4.2 and magnesium porchiorata (4.31 and maingaia a
floww rate of about 05 1 mine while an stand-by,

9.3.3 Mainlain a glass-wool filter bLetsaseen the furndce
chamber gnd the znalyser and change 33 necessary. The fur
naco chamber, padaslol post and Filter trap shiould by clesned
Tronquantly 1 rermowe oxicde resicues,
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9.3.9 The mmuofaciurgr may recommend selting the pro-
QArarmamirg unit to give 4 pre-hurn oeriod before oxygen antars
the: farnaco chambor. Tho st partion should e at a rad haat
during the pre-barn period, When cxygen i inmoduced for tha
combustion stage tho tomparatue incroasas substaniialiy.

8.3.5 The temperature sttained during combustion depands
oy his Turnace, amd bie type and guantity of metal o the ono-
wible, A high temperature (= 170°C) iz mainwained after tha
togt portion is fused sa that the sulfur dioxide ray ba eomplate-
Iy rermaved from the furnace to the infra-red analyser.

9.3.6 The flow rate of oxyqgan may vary from ang insrrumant
to anather ot is osualy about 2,0 1 min during the combustion
oo,

0.3.7 Afer the aquipment has been idle for a few houra aor
gfter cleening the furnace chambor or filtors, the instmimeant
shoud he stabtized a5 dirscted ™ 7.1,

10 Test report
Tha tast raport shall includa tha fallewing informaton

a)  the reference to the method used

Bl (e results of the analysis)

ot the numizer of independent replications;

d1  any unusual featums notac duting tha annlysis @

gl any oparaticn not inelrded v this International Stan-
olard or egarded a5 optional,




The examplss of compasitions given in tables 3, 4 and 5 are not to be interpretad as spanifications far chemical composiions.

Annex A

(Thiz annex doas not form part of this International Stancard.)

Table 3 — Examplas of composition of nickel (%]

ISC 7526-1985 (E)

Examples of compositions of nickel, ferronickel and nickel alloys

. Co = Cu Fa 5
Ni I Ga rd. b i) .| iz, ) {max.]
Ha 95 1 1,015 i}, GO5 002 0002 &
9.9 .5 003 003 0,05 0,03
8.0 1.6 4,15 0.2 0.4 0,01
Table 4 — Examples of camposidon of ferronickel {51
N Cr Cu - 5 81
Tvpe R G Irna. [max.} Fe (ma.) [max.)
1C 16 0,005 [ER[Y) tt, 30 Ram, 0,03 0,20
B0 n.03
MG b 0,04 05 [y Aem 0,10 10
311 [R4]
HC 1E 14 2.0 0,203 Rem. 0,40 4.4
G0 2.8
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MOTE — Co is usuakly 1/40 to 1,20 of M
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NdegQ =

= |
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Tabla 5 — Examples of composition of nickel aloys (%]
Alloy 2 | A B C Ccopd Cr Gu Fa Mn | Mo mli P 5 s T Othara
A - - | o3 | - - | B0 25 | 20 6308 - | 005 |05 ;- -
3.0 .
B 0,15 Wi | o5 | &0 | 1 72.0% 0ms | 65 . - -
1.0 10,0 ' !
C a4 — 0,08 - 14,0 as - B0 1,0 70,00 — 0015 | 48 2.2 MNb plus Ta
1.0 Lo170 9.0 28 ¢ 0Ftw12
i ) — ————e— T
D 0.2 000 0oe - i 170 0.2, Rem, A4 2.8 0,0 3015 [ 0015 [ 34 - 08 ! NboplsTa
0.8 | 210 33 | 5.0 12 AT7whb
E 18 - 010 — i omg 0s | Hem. | 14 - o 0ok | 1.0 |yl -
0,80 23,0 3650 .60 -
F - [ERE: 3.9 a0 0.5 3,0 1.0 — | Rem. - o0ee | 1.0 0.2 Pl
015 1.4 11 DA
G 1.0 0,020 013 13.0 18.0 02z 1.5 1.0 fem. oets | 1.0 20 Zr
2.0 210 £1.4 3.0 0.6
H 45 | ooed | B2 12,0 14,0 o 1,0 1.0 15 | Aem. - GG [ 10 | 05 2t
A5 | DM | 07 20 16,7 55 1,6 0,16
| ot | ooes | o | 180 190 | oz| 07 | 06 | 58 Aen — Co? | N4 | 1.8 Ti gl A&l
o8 008 20 No &1 2.4 Adm28
J - — X [ 1.0 5 1.0 — 240 1.0 | 250 {Ram.% | 0040 | C.035 | 0.1 — —
ao.c
- 1 . e e = ———
K 1.2 [LE110x] 302 12,0 18,0 (LN 2.4 1.0 35 : Aem. - 00MN% | CME [ O ok 2r
16 | 00 | D0 | 150 | 200 B0} E i &3 | D208
L - - Uz 25 14.5 - 4.0 1.0 15,0 | Hem.  UARK) | O3 | 008 : - YW 3b
16,5 70 1F i E ; Wad wd b

B
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45 Cobalt courts ax mickel m some atlovs,

B Where g lincita aoe given, cohalt 5 up taa neasimomm of 1.5 5 leaf .

11 Singlg wahwga ara maximum limits, except for nickel, wharg singlu valuws s minirnuam.

2 Allow eters gre used Instead of comrmercial names until 8 neptzal 1ISD designaticn ia develaped.
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Annex B

Features of commercial high frequency induction furnaces and infra-red
sulfur analysers

{This annex does Aot farm part of this International Standard.]

B.1 Combustion furnace

B.1.1 The combustion furnace conegiate of an nduction coil and a high frequency generatoer. The furnace chamber consisfis of a
silica tube whicl Mls inside the induction coil. Thia tuhe has metal plates at Lhe tap and bottom which &re sesled 1o the tube by
Oings. Gas inlet and outlek paints ara mada through the metal plates,

B.1.2 Theg genaratar is uswally a 1,5 to 2,5 KV A apparsnt powsar arit but the frequency vaed by variows manufaciurams may b
diFferent. Valuae of 2 to 6 157 and 20.0 MHz have been used. The power from tha genarator is fad to the induction cail which sur-
rounds the silicy Furmaee tube and s usually air cooled.

B.1.3 The crucible containing the sample, flux and accelaratar |s supportad on 3 pedestal pest which is precisely positoned so dhat,
when raised, the metal in tre crucible is correctly placed within the inductian cofl For effactive covpling whan the power is applied.

B.1.4 The inductinn coil dameatar, tha mirmkear of tume and the furnace chamber geometry and the povear of the geasrator doter-
mine the degree of coupling which ¢are gocur. These factors are determined by the instrument manufecturer.

B.1.5 The iomperature arteined durng combustion depends in part on the Factors in B.1.4 but also on the cheracteristics of tha
retal in the crucible, the form of tha tast partion and the mass of material, Some of these factors may ba variad to somea oveent by the
opnrator.

B.2 Infra-red gas analyser

B.2.1 In most instrumenis the gasegus products of combustion are tranaferred in a continuous flow of cxygen to the enalyser
systom, The gases flow through an infra-red cell, for exampla of tha Luft type, where the sbeorbance of the infra-rad radiotion due to
suUlfur ¢loxide = measured snd integrated over o pre-progratineed Gims poriod. The signel is amplified and converted to & digital display
of the pereentage concentration of sulfur,

B.22 In some analysars the produets of combustion may be éollectad Inaxegen inoa fixad volume at controlled pressure and the
rniture analysed for sulfur dioxide.

B.23 Electronic controls ere usually providad for adjusting the instnument zere, compansating for the blank, adjusting Lhe siope of
the galitration line and correction for non-linear rasponsa. The analyser generally has reans of entering the mass of the slacdard o
test portion for autgmatic comwecton of the read-out, Instruments may &'se be agquippad with an integrated automatic balence for
weighing the crusibls, weighing tha teer portfon and transferrfng the mass to the analysor.
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