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Foreword

[SC {the Internatlonal Organization for Standurdizaton] fs a werldwide federatlon of
national standards bodies (S0 member bodies), The work of praparing International
Standarda la normally carrad cut through 15O technical commitiees. Each membar
hody intereatad In a subject for which a technleal committes has been esteblished has
the right to ba represented on that committee, International organizations, govern-
rrental and non-governmental, in llaigon with 180, slgo teke part in the work, 150
sallaborates closaly with the Internstional Elegtroteahnical Commission (EC) on all
ratters of aleetratechnical sandardization,

Draft Inwernational Standards adoptad by the tachnical committees are circulatad to
the marmizer badias for approval bafere thelr aneaptanca as International Standards by
the 150 Councll, They are approved in sccordanca with 150 procedures raquiring at
leaat 76 % approval by the member bodles voting.

Intarnatlonal Standard 150 %447 was prepared by Technical Committee 1ISOSTC 17,
Stesd.

Annexes & and R of this Internatlonal Standard are for information only,

&  Imarnational Organlzation for Standardizstion, 1988 &

Printed In Switzarland
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INTERNATIONAL STANDARD

150 9441 : 1988 (E)

Steel — Determination of niobium content —
PAR spectrophotometric method

1 Scops

Thiz |mternatlenal Standard specifies a PAR. spectro-
photometric method for Lhe datermination of nicbium in steel.

The method s applicable to all types of stesl with nlukium
contents between 0,005 % {m/m) and 1,3 % (mmiml.

2 Mormative references

The follewing standards contain provisions which, through
rafaronce in thls text, constitute provisions of this Internationsl
Standard, At the time of publication, the edifions Indicated
were valld, All standards are subject to revision, and parties to
agreaments bazed on this International Standard are ancour-
agad to investigata the possibllity of applying the mnost ranant
editions of the standards listed below. Members of IEC and 150
malntain registers of currently vakied International Standards,

IS0 377 - 1985, Wrought stesf — Sefecion ahd praparation of
saplos and tost plocos.

IS0 3851 - 1984, { sboratary gfagsware — Buraltas — Paert 1 :
Genaral ragiiraments.

IS0 848 « 1977, Lahoratory lassware — One-msrk pipefies.

(S0 1042 ; 1883, fabosatory glasswars — One-mark volvmetilc
flagks.

IS0 6726 @ 1986, Fracision of tart methods — Determination of
repetabiily and raprodycibility for 8 standerd test method by
imter-feboratory tests.

3 Principle

Dizzolution of & test partion i vdeochioric acid followsd by
axidation with hydrogen peroxide.

Fracipitation of Aiabium and tantalurm with phenylarsonic acld,
uging zircaniurm ae a carriar.

Formation of a compfex of niobiom with  de{2apyridyl-
azoi-reaoreinol (PAR) in a sodium tartrata mediom buffored by
sodlum acetate solutlon ad|ustad to pH 6,3,
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Spactrophotemetric measurament of the coloured gompound
at a wavalength of alout 590 nm.

4 Reagents .

During the analysia, unleas othenwise stafed, Lse only reagants
of racognized anaiviice! grade and only distilled water o water
of sguivalant pltty. .

4,1 lIron, of hi'gh purity, free fram nichium,
4.2 Paotassium hydrogen aufate (KHSG,).
1.3 Hydrochloric acid, o approxdmately 1,18 a/mil.

4.4 Hydrochlore acld. o approximately 1,19 o/ml, diluted
T+ 8

4.5 Sulfuric acid, s approximabely 1,84 g/ml, dilutad 1 4+ 1,
4.6 Sulfuric acid, g spproximately 1,84 g/ml, ciluted 1 -- 4.
4.7 Hydroasn peroxida, 300 g/l

4.8 Sodium hydroxide, 120 g/l sclution,

Store In a polyethylane boftla.

49 Zirconium nitrate, 2 d/F solutlon in hydrochloric acid
medium. .

Diganlwe 0,3 g of zirgenium nifrate ih 50 m! of hydrochloris acld,
£ approsimately 1,19 g/mi, dilutod 1-+ 4. Filter through a fine

" filter paper, diwte ta 100 i with water and mix.

4.10 Sodium acetata buffer, pHhvalue 6.2,

Dizechsa 350 g of sodium acetata trilwedrate in 700 ml of watar,
add 5,5 ml of glacial acethe asld, o appracimataly 1,05 g/ml,
dilute to T 000 mil and mix., Adjust the pH-value te 83 with
srmall addifions of acetic acid or sodium hydroxide solution
(4.8), using a pH-meter for measuremcont.

4,941 Tarteric acid, 100 g/| solution,
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4,12 Phenylarsonle acld [CgHgAsO(OHL], 40 o/l selution.
4,13 Pheanyiarsonle acld [CaHgABOIOHIL], 0,6 of| solution.

414 DIzodium dibydrogoniathylenadinitrilol-
tetraacetete (EDTA. Magl, 15 9/l solution,

Dissolve 756 g of disodium dihydrogen{ethylenedinitriloltetra-
acatate divdrate (CygH,40:MN:Ma2.2H20} in water, dilute to
1 03 mil and mix.

Starme in a polyethylense bottle.

415 4 2-pyridylazo)-resaretnel (PAR) (€ HgNoOl,
mone- or di-sodium sall, 0,8 of | solatian,

4,16  Nioblum, standard solution, gormasponding to 0,200 g
of b par litrs,

Walgh, to the nearest 0,000 1 g, 3,143 1 g of niohiumVI oxide
(99,8 9% minbmum) and transfer to @ platinum crucilde, Fuse
with 3,6 g of potassiom hydrogen sulfate 44,20, Cool and
dissohso in A% ml of tartario aoid soluticn (4.711). Add & forther

1680 ml of tartaric acld solutfon (4.11), Transfer to a 50 mi one-
rrark valumetds flask, dilute to tha mardk with water and mix.

1 ml of thiz atanderd solution corteing G,200 mg of Mb.

5 Apparatus
Ordinary laboratory apparatus and
Spectrophotometer,

All volumetis glassware shall ba class A, in accordanco with
IS0 385-1, 150 648 or |50 1042, as appropriata,

6 Sampling

Carry out sempling in sccordance with S0 377 or an
appropriate national standard,

7 Procedure

WARNING — Phenylatsenic acid contained in solutions
412 and 4.3, end in the main soiution, filtrate or
washings In 7.3.2, can be injuricws ta health whan ah-
gorbed into the body.

Inhaling the vapour emlttad when the preclpltate In 7.3.2
iz lgnited can ke Injurlous to health.

All solutions, filirates and washings zoentaining phanyl-

araonle acid shall be disposad of in a way which con-
forms with applicabla regulations,

7.1 Tasat partion

Welgh, to the nearest 1 g, approximately 1,0 g of the teat
sample {mass =),

7.2 Blahk test

Parallal with tho determination, and following tho same pro-
cadurs, carry out a blank et using the same guantities of alt
the reagents and the same call as in the deterrminafion, but
repiasing the tesr portion by iran {(3.13,

7.3 Determination

731 Dhssolution of the test portion

Introduce the test portion {7.1) into a8 400 ml aquat beaker, add
40 rn! of hydroshlorle acld (4.3}, cover the beaker with a weatch-
glass and hest until solvent action cesses. Conl slightly and add
with caution & m| of hydragen poroxide [4.7). Beil th solution
for 1 min, dilute (o approximataly 2000 mil with warm water and
add 5 ml of zirconium nltrate solution (4.9).

7.3.2 Separation of the niobium

Heat the soletion prepared in 7.2.1 to beiling and add 26 ml of 2
bolling solution of phanylarsonic acld 14,12}, 8ol far s min, adel
a sinall amount of filker paper pulp, mix well and alleve to stand
far 10 min.

Filter through & pulp pad prepered from macerated fitter paper
and remeove adhering particles fram the beaker with 2 rubber-
tipped glasa rod. Wash the flter alternately with hot
hydrochloric acid (4.4 and cofd phenylarsonic acid solution
(4.13) until frec of iron salts, Finally, wash sevaral timaes with
cold phanylarmonic anid rolietion (4.13). Treansfer the fillar and
preclpitatd to g silles crucible, Dry, and then ignite at as low a
temperzture 85 possible until all carbonaceous maittar [ re-
moved, and finaily at 83 °C for at least 1% min, Cool in a oesfo-
cator, add a few drops of sulfuric acid 14.5} and avaporata to
dryness very carefully. Heat to remove sulfur tloxkde.

7.3.2 Preparation of the tast solution

Add 2 g of potasaium hydrogen sulfate (4.2} to the residug oh-
teingd and fuse carefully until a clear molt iz obtainad. Cool,
dissolve the fusion products in 53 m| of warm tartarlc acid sol-
wtion {4, 11} and iransfer to a H0 ml beakear. Add 50 ml of water
antd mix,

Add 26 ml of sodium hydrosicla solution (4,81 end cool. By
misans of 8 pH-meter, adjust the pH of the solition 1o approx-
mately 8,0 with efther suffuric acid (4.8) or sodium hydroxide
solution {4.8), as raquirad. Coal o room temperature, transfer
ta a 250 ml one-mark volurnatric flask, dilvte to the maik with
water ancd mix,

734 Colour davalopmant

Taks an allquot of the iest solution preparsd i 7.2.3, the
velume of the allquet depending on the expocied nigkem eon-
ket of the sample a2 shoyn in tabls 1.

Tuble 1
Mlghium Valuma of aliguot
¥ (mSm) ml
Less than Q.28 26,0
0,26 to 0,66 10,0
0EE 11,3 G0
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Introduce the aliguot into a 100 ml one-rark volumetric flask.
By means of a pipstte, add 10 ml of EDTA, Na, solution (4.14),
10 mil of FaH aclutlon (415} and 10 ml of sodium acetate huffer
sulution {4.10), mixing well after each addition, Adlow to stand
for 15 min at approximately 20 =G, then difute fa the mark with
water and mix. Allow to stand for a furthar 30 min,

7.4.5 Spectrophotometric maasu rem"lant

Camy out the specttophotometric measursment at =
wavelength of abeut 580 nm after having set the spectro-
photomeater {clavse b} to 2erg abeoridance In relation to wator,
Use 4 cm gells Tor nloblum contents up 1o 008 % (memd and
1 crm oalls for contents greater than 0,08 % (pefm).

7.4 Establishment of the calibration graph

7.4.1 Praparation of calibration solutions

Waigh 1,0 g + 0,08 portions of iron (4.1] into & serfes of ning
" 400 ml beskers. Add volimes of nlablum standard solution
(4. 16} a= shown in takla 2.

Table 2
R MNicbium
Nighium standard Call apticai
sofuton 16 | SeroeTUOn | g ongin
ml Lol cm
[ q 1&n004
1.0 0.2 b
2.0 o4 4.
a0 &6 1 &nd 4
LRI 1,0 i
7.0 14 1
3.0 1.8 1
1.0 2.2 1
12,8 24 1

Continug as described in 7.3.2 to 7.3.4, butin all casss taking 2
25,0 ml gliquot in 7.3.4.

74,2 Spectrophotomatifc megsurements

Carry out gpectrophotomatric measurarments on each solution
at a wavelength of about 560 M alter having adjustod the
spectrophotometer to zaro absorbance in relatfon to water, Use
celis with the optical path length indicated in tabla 2,

fixtain the net absorbance valua by subtracting the sbearbance
of the zero member from the absorbance of sach calibration
salution in the saries.

743 Plotting of the calibration graph

Allowing for the opdlcal path langth of the celf used, prepara
tha calibration greph by plotting tha net sbaorbance voluog
againet the niokium concanlrtallony, expressed in m]cmgrama
per mitlllitre, In the calibratlon sofutions,
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8 Expression of results

.8.1 Meathod of calculation

Fram the calibration graph plotted In 7.4.3, tead off the can-
aentration of hiobfum corresponding to e abuorbunce,
measured it 7.3.5, of the colour-develaped tast solution.

The nighium (Mb} content, axpresesd as 3 percontage hy mass,
is given by the formula ’

! TRV U S
EMhT — b0 10 v "
; b x i x 25 M0 100
= - —— R K —
CHpl — Gt > 106 v, i
el
= — Hp ]_._
o N 10V, m

whers

¢ s the mass, in grames, of the test portion {7.1);

Fo is the wolume, in mililiires, of he tewt solution
. teea 7330

Fy s the volume, in milllitres, of the aliquot portion {zea
1able 14,

¥ igthe volurne, in millifitres, of the solour-cevalapad tast
solution (see 7.3.4};

Swnp 15 the concentratien, in rigrograms per milliitre, of
nighium in the blank test solution fses 7.2

Ouii  1s the concentration, -in mictograme per millilitre, of
“niobium in the st selution (see 7.3.3]

8.2 Pracizion

A planped trial of this method was carried oot by fillsen
laboratorlas, at seven levefz of niobium, each laboratory making
thrae determirtations of nmblum at each leval {Rea the n::-teah

The test Eamples used ara Ileted in annex A.

The regulis ohtalned were trosted statistlzally In acrordance
with 130 5728,

Tho data obtainad showed o fagarithmle relationship balwesn
niobium content and the repoatablifty (v} and repraducibility
{Hy ancf 8] of the test rosylts, as surmmarized in table 3. A
graphical presentetion of the figures is given in annex B.

. Table 3
Nioblum Rapaatahility Repraducibil ity
el : -
% [wefent : ’ Ko £
0,005 0,001 2 o001 | 00021
0,01 adma 0001 7 | 0008 4
] 002 7 D007 | 00065
0,08 0,0 7 0.4 B 6,010 2
0.t 0,067 2 0007 & 0016 4
02 a0 & 0,011 4 02 4
DG 0,018 8 0,020 3 0,048 3
1,0 0,028 4 031 s | oot
1.3 083 3 0037 2 0,084 3
3
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NOTES 8 Test raport

1 Two of tha threo detarminations were carfied out under repestabiilty
conditions g2 defined in 180 5736, i.4. one operafar, EaMA apparatug,
ldentical epevating conditione lasne calibrmtionl and & trlnimium peritd
of tima.

The test raport shall Include the following Informatian :

al the mathod used, by referance to this Internstlonal

tandard;
2 The third datormination wag cartlad out at 8 different fima [different Standa
dayh by i same opsratar a3 In note 1 above, using tha sama ap- B the results, and the form [n which thay ara axprassed;

paratus but wWith a new calibration,

3 From the walues clalned on day 1, the repeatability (r) and
reproducibiliy 1R} wera catoulalad, uslng tha procedure spaciied In

al any unusua! fegtures noted during the detarmination;
d) any opsmiion not specified in this Intermational Stan-

IS0} B72E, From tha firat velue obtalned on day 1 and the value obtained dard, or any optional operatlon whish may havo influcnced
an day 2, tha within-labaratory reproduaibility (R, | was datermined. tha reaults.
4
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Annex A
{informative)

150 9441 ; 1968 (E)

Additional information on the international co-operative tests

Tha rapeatability and repreducibility data in table 3 wara da-
tivad from tha results of intarnational analytical thials carviad ut
in TSEH on seven stes! samples, imdabing fifteen [aboratortes in
sl countries.

Tha rasults of the tials were reported In documant 1771 W 663,

Mearch 1888, A graphicel presentation of the precision dats is
given in annex B.

The test samples usad are listad in table A.T.
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Teble A.1
i Nioblum cantant
Sample ; T trees e

BCS 43141 (cerbon atesl] i 0,004
J55 176-3  (miled =teel) 03,011
JSE T3 (imiled stealf 0,020
S8 1728 (imile] stesl f3.054
MBS 254 [lowne-alloy =teelh 0,157
J38 6557  [stalnleaa ataall 0,60

BCS 467 {high-zlloy steall 1.0
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Anhex B
{informative)

Graphical representation of precision data

1
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Kioblum aontent, S0 et

Figure B.1 — Relatianship between nichium cantent And repeatability {r]
and hetwaen nigblum sontent and reproduclility (f,, and &)

‘UDC 669.14 : b43.42 : 648,882
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