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INTERNATIONAL STANDARD

IS0 9647 : 1989 {E)

Steel and iron — Determination of vanadium content —
Flame atomic absorption spectrometric method

1 Scope

This Intermational Standard specifiss a flarme atormic ahsorption
spactromaetic mathord for tha datermingtion of vanadiom in
gtogh ond iren,

The method @ applicable ta vatwdlum contents between
0.005 % {rfent and 1,0 9% (wrf ), provided that the tungsten
content in the test portion iz not higher than 10 my andfor the
titanturn content = not higher than § mg.

2 Normative references

The folcwing standards contain provisions which, throwgh
rafarence in this text, sobstitute provisions of this nternationa]
Standard. At the iime of publication, the aditons Indlcgted
wate valld, All standards ara subject to revision, and parties to
ggreerients based on this [nternational Standard are encour-
aged ta fnvestigete tha pessibility of applying the maost recent
editicna of the standards listed balow, Members of IEGC and 150
maintain registers of currentiy valld Internatlonal Standards,

150 377 - 1385, Wroughit steel — Selection snd preparation of
sarples and tast places.

130 3851 : 1934, Laboratory glessware — Surattas — Part 7 r
Genaral raguiratnerts, .

150 643 : 1977, Laboratory glasavars — One-thark pipetfes.

150 1042 : 1283, Lebaratary glassware — Ore-mank volyratiic
figsis,

150 B735 : 1986, Frecision of test methods - Determngtion of

repeainbifity and repraduciiiily for 8 standerd tast methad by
Inter-fabaratory fasts.

3 Principle

Dissolutlon of & tast portion in hydrochfonc, nitde and per-

¢hloric acids.
Addition of aluminivm solgtion as spectrachamical Luffar,

Spraying the solution into & dinltrogen monoxide-acatylens
Tlamea,

Spactrometric measiwement of the ptomis absorption of the
HB,4 nm spectral dine emitted by a vanadium hotlow cathade
Iatop,

4 Reagents

Drulng the anefysis, unless otherwbaa stated, usa only reagents
of recognlzed analytical grade and only digtillad water or watar
of equivalant purity,

4.1 Pura Iron, containing loss than Q0005 % (mdm) of
vanadium, o of low known vanadiuin content,

4.2 Hydrochloric acid, g sbout 1,19 g/inl,
4.3 Nitrle ackl, & about 1,40 g/ml.

4.4  Perchlore acld, & about 1,67 g/l

4% Hydrochlorie acld, o shout 1,13 g/, diluted 1 + 50

4.6 Aluminium, sclution, 20 g/l.

!Z]issnlw 80 ¢ of eluminium chloside hexahydrate {AIC), BHL0
in albonrt 3K ml of weater, agdd 5§ ml of hydrochiodc acid (4,2,
dilute 1o 500 ml with water and misx.

4.7 WVanadium, standard solutions,
4.7.1 Btock selutien, corrasponding to 2 g of ¥ per iitre.

4711 Freparation using vanadium metal

Waigh, to the nearast 0,001 g, 1,000 g of high purity vanadium
(putity > 89,9 % [w/fen] and dissolve in 30 ml of agua regia
[mix threa volumes of hydrachloric acid (4.2) with one valume
of nitric acid {4.3)1.

Hest to evaporate 10 just bafore dryness and add 20 ml of
qrdtmhlnrlc acid {4.2). Cool and transfer tha aolution guan-
utatively to a 500 ml one-mark volumetre flask, dilte to the
mark with water and mix,

1 ml of thiz solution ¢ontains 2 mg of ¥,
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4.1.1.2 Preparation using ammonlum metavanadate

Dry several grams of ammonium matavanedate {NH.VOy)
[purkty > 92,8 % tee/mll in an elr aven at 100 °C to 105 °C
[sea tha note for at least 1 h and ¢ool to room temperaturs in a
desiceator. Weigh 2,208 g of tha dried product into a 830 mi
beakar, add about 400 ml of hel water and gently glrmmer to
dissalve. Cool, transfar to a 500 ml one-mark volumetrfe flask,
dilute to the mark with weater and mix

1 m! of this solutich eantaing 2 mg of Y.

MOTE — A drylng temperature ovar 110 °C will causs deconmpos! fon
of ammonlun metsvanadate, Keop srictly ta tha drying tamperatura
specifisd,

4,7.2 Stendard solution, comssponding to 0,08 g of V pet
[itre

Tiansfar 10,0 ml of the stosk solution (4.7.1] into a 260 mi one-
rrark volumetrle flask, dilute to tka rmarlk with water and mix,
Prepara this standard solutlon Immediataly befare ¢sa.

1l of this standard selution contains 0,08 g of W,

b Apparatus

Al volumetric glasewara shall be clasg A, in accordance with
IS0 385-1, 150 848 or (S0 1042 vs spproprlate.

Ordinary labhoratery apparatus, and

5.1 Atomic ebsurption spectrometer

A vanadium holtow cathods lamp; supplies of dinirogen
monoxide and acetytena sufficlently pure to glve a steady clear
rec-feather flarme, free from water and ail, and free from
vanadium,

Tha atomic absomption spectromater used will be satlsfactony if
after optimization agcording to 7.3,4 the limit of detectlon and
characterlstic concontration are |n reasonable agreement with
the waluss glven by the manufacturer and If it masta the pracl-
slon erltarla given in 8.1.1 t0 5.1.3,

It is alse deslrable that the instrument should confarm to the
additicnal performance regquirament given In 6.1.4.

51.% Minimum praclslon (gaa clauss C.1

Calculats the standurd devialion of 10 measursments of the
gheorhanca of the moat concentratad celinration solution. The
standard devistion shall not excead 1 % of the mean absar-
biance,

Caloulate the ctandard devistlon of 10 maoasuroments of the
absuthanr of the least concandratad callzration solution [ox-
cluding the gare mamber). The standard doviation shall not ax-
caed 0.5 % of the maan absorbance of the most concentrated
callbrafion solution.

2

JE— . s —m - :
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E.1.2 Limit of detection |5ee clauss C.2)

Thiz is dofinad as twlee the stendard  devistlon  of
10 measuremeante of the sbsoribance of 2 salution containlng
the spproptiale aement of a concentration lovel sefected to
givn an abzodiance just above that of the zero member,

Ths limit of detootion of varadium in 2 matrix similar to the final
test portlon sclution shall be better than 0.3 gy of Y per
riilkilitre.

5.1.3 Graph linzarlty (see clause C.3)

Tha slope of the calbration graph covering the top 29 % of tha
concartration range |expraesed as a change In absorbancat
ghall not be less than 0,7 fines the value of the slope for the
bottom 20 % of the concenfration tango determined in the
SAME Way.

For [matrumants with autornatle calibration using two or moreg
standerds, [t shall be established prior to the analysis, by
ohtaining absotbance readings, that the abowe regulrements
for graph Hnaarlty are fulfilled.

E.1.4 Characteristic concantration {seg clause C.4)

The characheristic concontralion for vanadium in @ roatrix
slmllar to tha final test portion solutlon shall ke betar than 1 pg
of W par e,

5.2 Ancllary equipment

A atrfp chart recordar and/or digital readout denvica iz recom
mended to avaluate the criterie of B.1.1 to 5.1.3 and for all
ssbaequent measurements.

Senle expansion can be used until the noles observad is groater
than the readout emor and is vlways recormimatded for abaor-
irances halovy 0,1, If scale expansion has to e usad and the In-
atruwment does not hava the means to read the valua of the scalo
expanslon factor, tha value can be caloulated by measuring a
suitable soluBon with and without scale exparsion and simply
dividing the slangl obtained,

& Sampling

Carry out sampling in accordance with 1SQ 377 or appropriate
mational gtandards for fron,

7 Procedure

WAHRNING — Perchlorle acid vapour may causa axplo-
gsionsg in the presence of ammoma, nitrous fumes or
grganic materal In ganaral.

7.1 Test portion

Waigh 2 test portion sosording to the presurned vanadium con-
tent as follaws:

al for vanadium contents from 0,005 % (wrfem) 1O loss
than 0,2 % {m/m!, a test portion of approximataly 1,00 0,
1 tha nearest 0,007 g;




bl for wanedium contents from 0.2 % (mim] to
1,0 % {mi/m), a test portion of spproximately 0,20 g, to the
nearest 0,000 2 g.

7.2 Blank tast

Paralls! with the determination and fulldwing the BBME pro-
catlure, cary oui a blank test using the same guanfities of all
the reagents including the pura ron (4.1,

7.3 Determination

7.3.1 Praparation of tha test =olution

Place the test portion (7,1} in & 250 ml beaker, Add 10 ml of
hydrechlorc acid (4.2 and 4 ml of nitric acid (4.3 and cover
tha basker with a waich-glass, After effervescencs ceazes, add
10 ml of perchloric acid (4.4) and evaporete the solution until
fumes of parchlore aeld are wisibla, remova the watch-glass
and evapoarate ontif no mors fumes come out of the beakar,

Allow to coot, add 1) ml of hydrechionic acid (4,2 and 20 ml of
water, and heat gontly to dissolve the =aliz, Filter through a
madiurm taxture filter paper into a 100 ml ong-mark volurmetric
flask. Whash with wam hydrochlonds achd 4.5}, snd add the
washings to the flask. Cool, add 10,0 ml of aluminium solution
(4.6], dilute ter the mark with watar and mix,

7.3.2 Praparetion of tha callbratdon solutians

1.3.2.7 Vanadium content = 0,2 % lseden)

mirgcluca Tt & sarisa of seven 250 m) boakers (100 + D01 g
of tha purs fron (4.1), add 10 ml of hvdrochlorle acld (4.2} and
4 mi af pltric acid (4.3} 1o sach beaker and cover them with
watch-glaezss. After effervescenca peases, cool, then respec.
tively =0d, using 2 buretie, tha volumes of venadium standard
solutlon {4.7.2F indicated in table 1.

Tabla 1
Yolume of vanadium Corresponding mass
sterdard sulution §4,7.2] of vanadium

ol mg

o Q

2B 0.20

50 0,40
18,0 R
15,0 1.2}
20,0 1,80
25,0 2

I |
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watch-glasrrs, After effervescence ceoases, ¢oml, then re-
spectively add, using & burette, the volumes of venadium
standard solutlen (4.7.2] indicated in table 1. Proceed s
spacified In 7.3.1 from “add i0 m| of perchlaric acid 4.4},
(2n! sentence of 19t paragraph) to the end,

7.23 Adjuatment of atomlc absorption spectrometar

See tabls 2,
Table 2

Type of lamp Yanadium hollow cathode

Wavaletgth 38 A pm

Flame - Dinitrogen monoxide-
acetylzne red-fanther flame
adjusted for paaxinum
vithadium response

Lamp current Frliow manufacturer’s
renammEilalons

Bandwicth Follow manufacturer's
recammandabons

MOTE — The manufacturers recommendations should be
clasaly followed and particular attention fs drawn to the follow-
ing aafety poims:

a) the explosive neture of acatylens, end regulations
ganccining Its uae; .

il the need to- shbald tha eves of the operetar fram
ultrawialet rediation by means of tintad glass;

¢} the need to kesp the burnos head clear of doposils
hecause o badly clagged burner may cates = fleshhack;

d]  the nesd to eraure that the iguid wap is filled with water.

2 Zovo wambar,

Proceed aa specified in 7.3.1 from “edd 10 ml of perchlors acld
4.4).." (20f santanca of 18t paragraph) wo the and.,

7322 Vanadium  content betwsen 0,2 % (/e and
1,0 % {mfm)

Introduca into & series of seven 260 mi beakars (0,20 £ 0,01) g
of the pure ikon {2.1], add 10 mil of hydrechloric add (4.2 and
4 ml of nitric acid (4.3 to each beaker and cover them with

7.3.4 Optmlzing the atomic abhsewption spectrometer
settinga

Fallow the manufacturer's instmictions for praparing the Instru-
mant for use. :

¥ithen the current to the Jamp, the wavatargth and the fiow of
gas hava bean sdjusted and the burner lit, spray water untl the
imctbga Uy has stabilized.

Bet the absorbance valuie ot zaro using the zera rember
17.3.2).

Choose & damping settlng of integration fimg to giva a signal
staady enough 1o fulfll the precision eritaria of B.1.1 o0 5.1.3,

Adust the flame to a red feather and the observation hefgit In
the flame ta about 20 mm. Spraying alternately the calbration
solution of highest concentration and the zero marnkbar, adjust
the gas flow and burnar position [horizontally, vertically and
ratmtionally] until the difference in absorbance betwoen thg
callbration solutions is at a maximum. Cleck that the spec-
trornetar is sat accurataly on the required wavalangth.

Evaluate the criterig of 5.1.1 t0 B.1.3 and the additional parlor-
mancs requirernant of 5.1.4 to ensurs that the Instrement is
suitable for the detenmination,
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735 Spactrometric measurements

Sat tha =cals expansion o that the calibration solution of
highest concentration gives nearly full scale deflectlon. Spray
the calloratlon zolutions in asvending erder repetitively until
pach gives the spacifisd precizlon, thus showing that the Inatru-
mant has achleved etability. Select two calibration solutians,
one having an absatbanca Just lower than the teat portion galu-
tien gnd one |ust highar, Spray thasa first in ascanding order,
then in deseending ordar, with the test aolution as the middls
golutian, in eash case moasuring the ahserpton in relation to
water, Spray the complate range of calibration volutions again
{zza tha nota). .

It i= rerognizad that thess procedures cannot be followad with
autematic [netruments which sccept two ealibration solutlong
onky, In thle caso it is suggestad that the two “sandwiching”™

. golutions should not ba used for tha primary calibratlon but

ahould be analysed alternataly with the test solutfan,

Spray calibration solutions at frequent intervaly durdng the
meazuremant of a bateh of determinations, Clean tha bumer [f
the resutts show loss of pracksfon caused by ologging.

Obtaln the absorhance of sach sallbration selution,

Oktaln the ahsorbahce of the tast solution and the mean abagr-
kanca of tha blank tast,

Conwert tha absorbances of the test solutlon and of the blank
test solutlon to milgragrams of Y per mllilltre by means of the
calibration graph (7.4

MOTE — The following safoty precastlcns shall ba taken when pes-
whlocle acid (s ueed:

al sprey all selutione for tho shorest practica| petiod;

b] ahways spray distlled water botwash the tost solutlons, Blank
solutions angy or callbration salutions, Minlmkze the spraylng of bir

¢ slaon tha burner frequenty, never aliow tha burmer to glog, and
wgzh [t theroughly both inslde and ocut,

Ensura thit all asfety covers ave in pacition, and weer approved
aar protactars and safety glagsss,

7.4 Plotting the calibration graph

Itls nocessory to prepate a new callbration graph for sach derias
of deterntinatlons, and for the ranga of vanadlum contents
expactarl, )

If pure metalz and reagents have been used, tha zara member
should have a negligibly amall abeorbanca. tn this cesa, prepsars
a calibration graph by plotfng the mean absorbence values of
the calibration salutlona ageinst micragrams of varadlum per
rril ilitre. Fefer the mean test solution abserbances and the ab-
gothances of the two adjacent callbratlon solutions to the
graph.
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If, howensar, the zore member has a slynlficant absorbance a
mora complicated procedure is required. In this casa, the con-
contratlon of vanadium g, in the zere member can be calouleted
uzing the eguation

0z = @g1 X Az
z ol ’4.;1'_"12

whete

g, & ths concentration of vanadium, expressed in
micrograme per milllltre, added to the flrst ealibration
olution;

A, 15 the shenrbanme of the zeto mamber;
A4 iz the sbsorbanca of the first cetibration selution,

The derived wvalue ¢, is then added to each of tha nomingl
callbration concantrations in ardar 1o ohtain 2 mean callbration
graph passing through the origin. Refer the abaorbancas of the
blark solution, the test solution and the twe adfacent calllra-
tion solutions to this graph. Subtract the concentrmation of the
blank solutlon from the other concentrations.

Prapara a cafibration graph by plotting the absorbanse values
of the sallbration solutinns agalnet vanadiung content, express-
ed In micrograms per millitre. Refar the absorbances of the
two adjacent czilbration selutions to the araph. 1f these two
calibration readings do not deviate from the graph by rmore
than the perrmitted precislon criteria then the tset solution
readings are &ls0 acceptabls,

8 Expression of resuits

8.1 Method of calculation

Tha vanadium content, sxpressad a5 a percentage by mass, Wiy
155} e glven by the cquation

tog — 1) % 100 100
wvi%}=—wx—-—

+ O
106 it
= M + l‘:—‘
100 7r
whare

iz the concenbation, exprossed In milcrograme per
miflilitre, of vanadium in the test solution derived from the
calibration yraph (7.4} '

@1 is the concontration, owxpressed in milcrogramea par
milfflites, of vanadium In the blank test (7.2);

¢ |5 the vanadium content, axpressed as @ percentage by
mass, in tha iran used In the hlank tast,

iz the mass, In gretms, of the test portion.




B.2 Precision

A planmed trial of this method was caried out by
23 [eboratorles, at seven levals of vanadium, each lzboratory
makitg three determinations (gee notes T and 21 of vanediurn
content &t sach level,

Tha test samptes used ara llstad in table A1,

The tasults obteined were treated statistically in accordance
with IS0 5726,

Tha deta obtained showead & lagarithmic relationship betwsan
vanadlum content and repestability (r) and repraducibiliy
iR and R} of the test results (see note 3| Bz summarized in

tabls 3. Tha graphfca) rapresentation of the figures i3 given in

annex B.

NOTES

1 Two of tha thres determinations wera carfed out under rapaatabll-
fty conditions sz defined [ IS0 6725, e, one oparator, same
apparstug, [oenticsl dgersting conditions, same celibration, and a
rednlmasm parlod of thna,

2 Tha third determination was carrlad out at a diffarant timea {on a dif-
farent deyy By the same operator as in note 1 using the sames apparalus
wilth & naw galibration. .

i B ¥ R l
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& From e results obwined on Day 1 the repestabiliyy [ and
rapreducibiiey LR ware galeulated uging the procadure specified in
150 B726. From tha first resubt obtalned on Day | e the result obtain-
ed on Day 2, the within-labnratony raproducisllity (R} was caleulated,

9 Tast report

The: test report shall include the follewing infermation:

al all information necessary for the identification of the
sample, the leboratory and the dats of analysig;

B the methwod used by raference to this International
Standard;

¢l the regults, and the form in which they are expressed;
dl any unusua! features noted during the determination;

El any operation not spacifled in this [nternational Stan-
dard, or any optional oparation which mey have influsnced
the resalta.

Trble 3

“:::f;::“ Rapaatabllity Reproducibility

% larfen ¥ R’ R,
0,005 0,000 B 0,001 € 0,001 5
0,010 0,000 & 0,003 4 0,002 2
0,020 2,001 4 0,008 7 0,003 1
0,050 0,003 7 0,006 4 0,008
0,100 0,004 8 0,008 9 0.007 1
0,200 0,007 9 0016 § 0,010 2
0,500 00168 0,006 4 0,018 2
1,000 0,026 8 0.040 4 0,023 1
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Annex A
(informative)

Additional information on the international co-cperative tests.

Tatle 3 was derfved fratm the results of intarnational analyElsal trlals carded out in 1985 on slx atesl samples and one pig iren sarmple in
ten gounttlas invelving 23 iabaratorlas,

The results of tha irials wers reported In docurmant 1771 N 846, March 1836, The graphical representation of the preclslor data is glvar
In annex B.

The teat samples used ara |lsted in tabla A1)

Table A1
Vanadium content
uh [hedinl
Sample o Found
Cortlfied — —

. W-l I-l':z
JEE 1132 (Plg lront 1007 0007 2 00060
JBE 5164 [Low alloy steel] - I XINN] 0,009 & 0.3 B
J85 BR2-7 (Stalntass steel) 1,038+ s 0057 8
LS8 1628 (Low alloy stasl] S 0,10 0,903 0 Me
J535 1837 (Low alley stesl] 0,21 0,216 0,214
J55 @04-7 (Toal stesl) 1,51 0616 0,516
CMIEC CE 058 (Loww alloy steclt : 0,75 0,743 0,781
*1 pon-ceriflad valua
Wy 1 gowneral mean withln 8 day
W : gohewl maan bHiwesn daye
CMIEC @ Chernforl Standerd prapated by CHINA Betallyrgical Impeort and Daport Corporation,

l.’:n:prﬂ"ighi by the mtcrnational Deganization For Slandardization
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Annex B
(informative)

Graphical representation of precision data

0ir
- - e _ R
0,05}
R
00051
& B
2
3 R
[
poM -
U,DUUE"""" ] [P NP N B A A | . ' P R Y | 1
4005 {1 005 61 0o 1 2
Varadium content [% (e el '
Flgure B.1 — Legarithmic relationshlp hatweean vanadium content [%h {7 m)]
and repeatability, . or reproducibllity, & and &,
o o 7
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Annex G
(normative)

Pracedurses for the datarmination of instrumental criteria

C.1 Determinatlon of minimum pracision

Spray the most concentratedd callbration solutfon ten times to
obtain ten individual abacrbance readings 4 4 and caleulats tha
mean valle Ags,

Spray the lsasl concantrated ealibration sslutfor {axciudng the
zaio mamber] tan times o obtain ten individual absorbance
readinge 4g; and caleulata the mean vafue A3,

The standard devimtions &y, and 55 of the most and the least
concentiatad cafibration selutions respectively are obtained
from:

Tha minimumn precieslons of the moest and teast conoentrated
palibration solutlons are obtalned from s, x 10044, and
g % T00A 4, respectively,

(.2 Deatermination of limit of detactlon g,

Prepara tweo seluticng sach containing the same matrix concan-
tration se the sampla sclution, but with the glement of Intarest
at the following known concantiaticns:

— g po/ml to give an absorbance A° of approximately
0.01;

— matrix hlank to give an absarbance Ay,

Spray tha &' and blank sclutions ten fimes each, recording
aach reading for akout 10 s, and usihg sufficfent scale expan-
sien to meks the Aushiations in signal cloarly visible.

Dblaln Eha wsan absorbance readings A' and ﬁﬂ.
The stendard deviation 54 is given by the equation
o =Vrz pdj — A2
4
whare
A} s the individual measured abaorbance reading;

A" is the maan valua of A}

The Nkt of detectlon &min I8 given by the sguation

PO SO R

Shaln = A - E,:.

[# iz normally taken 85 2}

B
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C.3 Criterion for graph linsarity

Having astablishad the calibration graph, before the application
of any curve-straightening device, obtein the net absorbance
valea A corrasponding to the top 20 % of the concantration
range and the net absorbance B corregpanding te the bottom
20 % of the concendration range. Calculats &8, This sl pod
be less than 0,7,

0,55

Met absorbanea

|
|
|
0 20 40 60 80 W

o B
—M—‘ Conrentrating acele LEE 'x“"..‘

bﬂtmm 20 % of th top o0 W af tha
concentration FENge

{

C.4 Determination of characteristic
concantration gy

Prapara @ solution containing the same matrfx concerrtrathon o
the sample solutfon, but with the elernent of [berast at the
following knawn connanteation:

¢ Ha/ml to glve an absorbance A of approsimately 6,1.

Spray the & and the blank salutions without scale expansion
and measure the absorbanees 4 and Ap Tha characteristic
concentration o, is givan hy;

o = 04
gy = —]————
A — Ag

MOTE — Far the preparation of standard methods of anaksis usng
flame atornic abgorption spactrametry, these valuse should be doclded
from intzr-lrhormRtohy ARt rrsults by che wntklng group 1R charge.

conegidration mngo
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