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Foreword

IS0 {the fntarnational Qrganization for Standardizatian} is a worldwidno
faderatlon of nattonal standards bodies (IS membor bodies). The work
of preparing Internatlonal Btandarde ie normsally carried out through 150
lechnlcal committess. Eack membear body inferestad in a subjoct for
which & technical commillee has besn eslablished has e flght to be
represented on that commitiee. internallonal organizatlons, govern-
mental and non-governmanltal, n liaison with 1SD, aizo take part in the
work. [80 callaborates closely with tha International Electrotechnical
Commlssion [IECY on all matters of electrotechnlcal standardization.

braft Internallonal Standards adopted by the technical committees are
circulated 3 1he member bodies for voling, Publlcallon ags an nter-
natlonal Standard regulres approval by al least 75% of the mombar
hodies casting a vote.

Inlernatlonal Standard 150 10280 was prepared by Technical Committoc
ISQ/TC 47, Sipal,

Annoxes & and B of this International Slandard are for Infarmaltion only.

180 10mM
All rlahts resarvar. Mo part of this publleaticn may be raprocuced or wtilized in any orm
of by any meshg, alectronte or macharical, ircluding phobeenpyling and miceallben, without
permlszian 0 writing from the publlsher.
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INTERNATIONAL STANDARD

ISO 10280:1991{E)

Steel and iron — Determination of titanium content —
Diantipyrylmethane specitrophotometric method

1 Scope

Thiz Internabonal Standard specifies a diantipyryl-
methane gpectrophotamelrln method for the delers
mination of litanivm in stee! and iron,

The method is applicable to Wtanlum contents be-
twean 0,002 % tmfm) and 0,80 95 {mfsed,

2 Normative references

The fellowing standards conlain provisions which,
lhrough referepce in ihiz texi, constitute provisions
nf thiz International Slandard. At the time of publi-
cation, the oditions indicated were vatid, All stan-
dards are subject 1o revision, and patties 1o
agreements basad on this [nternafional Standapd
are encouraged lo invesligato the possibllity of ap-
plying the moat recent edillons of the standerds in-
dleatod bolow, Members of IEC and 190 maintain
reglslers of currently valid Intermational Standards.

IS0 I77-2.1988, Selectlon and preparation of sarmples
and fesf pieces of wrought sfeels — Part 2: Samples
for the determination of the chemical compoeifion,

|SC 285-1:1984, Laborafaty glassware — Buroftes —
Fart 1: General reguiremenis.

SO G48:1977, Laborafory glassware — Ohe-mark
Mpetfes,

30 1042:19R3, Laborafory glassware — One-mark
ofiimefric ffasks.

IS0 36961987, Water for analytical faboratory tse —
Spociffeation and fezt mefhods,

150 5725:1988, Proclston of fest mathads - Dafermi-
natlen of repeatabilily and reproducibility for a stan-
dard fest methed by Inter-laboratory tesfs.
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3 Principla

Dissolution of a test porllon In h‘,rl:lrnc:hlorlr nitric
sand suUffurc acids,

Fusion of the residue wille polassium hydrogen sul-
{ate,

Formmallon of a  wellow complex  with 44
diantipyrylmelhane. :

Spectrophatometrle measurement of tha coloured
complex at & wavelength of about 385 nm.

4 Reagentsa

Gurling the andlysis, wnless otherwlse staled, use
only roagonsle of recognized analytical grade and
ohly grade 2 water as apecilied in 180 3696,

41 [Iron, of high purity containing less lhuan
2 pg Tidg.

4.2 Polasgium hydrogen sulfate (KHSO,).
4.3 Badlum earbonate (Ma,C0,), anl.wdraun.
4.4 Hydrochleric acld, » abonl 1,13 gfmi.
4.5 Nitrle seld, p about 1,40 g/ml.

4.6 Hydrofluoric acid, .r:u. aboul 1,15 g/ml.

4.7 Hydrochlorle acld, p abowl 1,19 gfmi, diluled
141

4.8 Hydrechlorle acid, 5 about 1,19 gx’ml diluted
1+ 4

4.9 Sulturle acid, p about 1,84 gfml, diluted 1 + 1,

410 Tartaric acld solution, 100 g/1,
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411 Asacorbic acid sclution, 100 g/,

Frepare this solution immedlataly befora usa,

412 Ammaonivm oxalate solullon.

Dizsalve B g of ammonium oxalate monohydrale
[{CODONH,.HOT In water and dilute to 200 ml.

413 Iron solution, 12,5 gfl.

Dlsealve 1,25 g of iron {4.1) In 10 ml of hydrothloric
acid (4.7} while heating gently. Add 5 ml of nitric acid
(4.5 and beil nntil the volume of the sofuticn i= ap-
praximately 10 ml. Cool, transfer o a 100 ml one-
mark volumatric flask, dilute lo the mark with wator
antg mix,

414 Reagant blank sclution,

Prepare a reagent blank solution in parallel willh the
detarmination, using the sama quantities of re-
agents a= lhose used jor tho delermination dut no
iran. Follow exactly the procodure described in 7.3.1
and 7.3.2, diluting 1o 100 ml with watar.

415 Dlantipyryimethane solutlon,

Dissolve 4 of 44-melhylenehis(?,-dimathyl-i-
phenyl-5-pyrazolone) manohydrate, CupHa 0N, HAQ,
{diantipyrylmethane) in 20 mb of hydrochloric acid
{4.7} and dilute to 100 mE with water.

£18 Titanlum standard solution

£461 THanlum stock solutlon, corresponding ta
1 g of Ti par litre,

Weigh, to the nearest 0,0001 g, 0.500 g of high purity
titanium metal {purily = 89,2 % {#ifsn] and transfer
t¢ a 300 mi heaker. Add 180 ml of sulfurle acld, p
abhout 184 g/ml, dilated 143, covar with a
watchglass, heat gantfy until the metal has dissalvod
and oxidize with nitric acid {4.5} added drop by drop.
Cool, transfer to a 300 ml one-mark volumetric flask,
diliste to the mark with water and mix.

1 ml of thiz stock sodien contains 10 mg of 11

416.2 Titenfum standard solufion, correapending to
50 mg of Tl per Mtra.

Transfer 10,0 ml of titanium slock solution (4.16.1) to
a 200 ml one-mark votumelrde Task. Dilute to the
mark with water and mix,

Frapara this solution Immediately before use.

1 ml of this standard solutlon contalng 50 pg of Tt
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5 Apparatug

All volumelric glassware shall bo class A, In ac-
cordance with 150 385-1. [50 648 or B0 1042 as
apprapriate.

Ordinary laboratory apparallis, and

5.1 Cruclbla, of platinum metal or plalinum-gold
atloy, of capacity 30 ml.

5.2 Spectrophotometer.

The spectrophotometer shall be equipped to meas-
ure absorbance al a wavelength of 185 nm.

Wavelength messuremant shall be accurate fo
|- % nm or less. In tho absorbance range 0,05 1o 0 85,
ahsorbance megsareinesnls shall be repealable o
+ 0,003 or beller.

& Sampling

Carry out sampling in accordance with 1SO 377-2 aor
apprupriate nationat standards for steel and iron.

¥ Procedure

7.1 Test portion

Weigh, to the nearest 0.0005 g, a lesl porton ae-
cording to the presumed tianium comtent a4 [ollows:

ay for titanium contents In the range 0,002 %% {m)m)
to 0,125 % {mlel, a lesl porlion of 1,00 g,

bl for titanium conlents in the range 4,125 56 (mim)
fo 080 %% (el & test portion of 0,50 g,

7.2 Blank test

in parallel wilh the determination and following the
camn procadure, carry ouf a blank test using ihe
same guantifiea of all the roagents and the same
cell as In the determination, substiliing an cquiv-
alent smount of iron (4.1 for the test porticn.

7.2 Determination
7.3.1 Dissolhtion of the test porflen

Place Lhe lest porllon (7.1 In A 250 ml beaksr. Add
20 ml of hydrochloric acid (4.4), cover the heaker
wilh a watchglass and digest al 70 °C teo G0 °C udtil
the solvanl acllon ceases. Add 5 ml of nitric acid
f4.5} and boll untll the volume of the selullen |8 ap-
proximately 10 ml,

Cool the solution, add 20 ml of sulfuric acid {4.9} and
evaporato unlil fumes of sulfur briexide appear. Jusl
bofore fuming occurs, sodids will hogin ta form and




gentle heating is required to avold spuring. Qnce
fumlng begine the mixlure becomes stable and may
b fumed briefly at a2 highar temperature. Avoid
cverfuming, particulady with chromium-baaring al-
loys, as the chromium salts deposited are difflcult Lo
Fadissolve.

Cool, add 20 | of hydmchldrln acld {4.8) and warm
1o redizsolve the salts,

Flllar throuuf a kow ash, medium lexlure flier paper
and wash with hot water. Wash with 10 ml of
hydrochloric acid (4.7} and again with hot wator,
Retain tha filtrate. '

739 Traatment of inzofubla residus

Transfor tho filtor papaer and tosidue to a crucible
{5.4), dry and lgnitc al as low & temperature as
possible untll all carbonaceaus rmaltor is removed
and flnzlly malnlaln at about 700 °C for at least
15 min. Cocl, add =ovoral drops of sulfurle ackd
{4.9) and 2 ml of hydroiluctic acid (4.6), evaporate to
dryness and ighile at 700 °C.

MOTE 1 For teal porlions containing tungsten proceed
as spacifiad in clavsa 9.

Fuse the residue with 1.0 g of potasslum hydiogen
sUlfate (4.2} over a Bunsen bBurner and cool. Dls-
solve by heating with 10 ml of tartaric acid solution
{4.10; and add to the origina! filtirate. Tranaler lo a
100 ml or 200 ml ohe-mark volometrc flask accord-
ing to tabkie 1, dilute to the mark with water and mix.

753 Colpur developmant
Transfar two allquots according o table 1 1o separ-

ate B0 ml ono-mark volumeatric flarks, o prepare the
tezt solullon and the compensating solation. Make
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the followlng addidons by means of burettes or
pipettes, swirling after each additlon.

a) Tesl solutlon:
— iren solution (4.13) if required {see table 1);

— reagent blank solution {4.14) If requlyed {see
tabla 1), )

— 2,0 ml of ammonium oxalate soiution (4121,
- B0 ml of hydrochloric acid {4:?};

— 8,0ml of escorble acid sofution (4.11), allow
to stand for 5 min: .

== 10,0 mil of diantipyrylmethane sglution {4.15}.
b} Componsating solution:
— iron solution {4.13) if required (see tablo 1)

— reagent dlank solution {4.14) If reguired {see
table 1);

— 20 ml of ammonium oxalate solution (4.12);
— 8,0 ml of hydrocihloric acid [4.7);

— RO ml ol ascorble acld solutlon {4.11), allow
1o atand far & min.

DIl solutions a) and b) to the mark with water and
ntix. Allow to stand for 30 min at room temperatyre
(hatween 20 °C and 30 *C). If the room temperatura
is hetween 15 °C and 20 °C, increase the standing
tine to 60 min.

Table 1
Masga of test ‘I.I'Ellll:ll‘:li: r::nf Volume of Voluma of Ufal':gl:n:f Call optical
Thanlum cantant . fran solutlon blank
portion {m) f?;;s;h{l'::lfujn allquat {F) (5.13) added solutlon path langth
- o (4.14) added
Yo (mfur) ! ml ml il ml cni
0,602 to 0060 1.0 100 10,0 - — 2
1,090 to D125 1.0 100 10,0 - - 1
0,835 40 0,50 0.5 200 10,0 6.0 5,0 1
0,570 o 0,00 a5 200 50 [AL 15 1
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7.3.4 Spectrophotemetric measuromaont

St the wavelength of the speclrophotomeater {5.2] 1o
about 385 nm.

Place the optical ceil containing water in the
spoctrophotometar and get the instrument to rern
gheorbrance. Use a size of call which is sulteble for
coverlng fhe range regulred [see tablel1). When
changing the cell size il |s nocessary to re-zero the
spactropholometer using the new cell.

Measure the abgsorbances of the coloursd tosl sol-
wtione and the compenszaling solutions of the test
gample and tha hlank test.

For each palr of ahrorbance readings, determine the
net absorbance by zubtracting lho abserbance of the
compensallng solution from thal of the test solutfon.

7.4 Establlshment of the calibration graph

7.4.1 Preparation of the callbratlon solutions

Weigh, to the nearasi 0,004 g, 1,000 g porthws of
lron {4.1) into a series of 250 mf heakers. Add
titanium standard solufion {4162} as Indlcatad in
table 2, and treat as described in 7.0.1,

Add 10 ml of hydrechlortc acld (4.7}, 1,2 g of polass-
ium hydrogan sulfate {4.2) and 10 mi of lartaric acid
solufion {4.10Y fo each Mirate. Mix well to dissolve,
Con| and transker to a series of 100 ml one-mark
valumetric flasks, dilute 1o the mark with watnr and
nix.

Table 2
Caoncantratlon of ttanium in
Titaniwmn standard solntinn Corvacponding titanium
Titanium content {4.16.2) the f.:nlnure:#_ callbratlon content in the test partion
galutions
Yh [mifm) mil ngfml T {11 )

ol n 4]
1 o1 0,005
3 0,3 0,015

0,002 W 0,050 ,
g 0.5 0,025
ri 07 {1,035
10 1.0 0,050

an i) 1]
5] 0.5 . 0,025
10 1,6 0,050

0,060 to 0,126

EEE e 15 1,5 0,075
20 2.0 a,100
25 2.5 0,125

Qi 0 ]
) 0,5 7,100
i0 1.0 0,200

0,125 1o 0,50

15 1,5 7,300
20 2.0 0,400
L] 2.5 0,500

ot Q ]
5 0.5 0,24
0,50 to 0,20 10 1,0 044
15 1.4 0,50
20 40 0,20

1} Zero member,

Copyrighi by the Mtcrnational Deganization For Standardization
Sal Jan 04 TESEL7T 2000




Transfar 10,0 ml aliguots of each calibratfon solution
into separata 50 ml oho-mark volumatric flasks and
complete the colour development as described in
743 I is not necessaty to add fron solution {4.13)
and reagent blank solution {4.14),

HOTE 2 |t Is not nocessary Lo propare a compoensating
salution for each calibratlon solutlon. Prepare the com-
pensating solution for the zero member anly and v=e it to
compensate for each of the cafibration solutions,

7.4.2 Spectrophotometrlc measurement

Carry ol a spectropholometric measurement of
agch solution as doscrlbed h 7.3.4 For expocted
litanium contents up to 0,050 % {mim), carry oul the
measuremenis in a eall of 2 cm optical path length.
For the remzinder, measure in a cell of 1 om optical
path kengih.

743 Plotting tha calibraflon graph

Prepare the calibration graphs by plotting net
ahsarbance vafues against the fitanlnom concen-
trations, expresaed in micrograms per miltilitre, in
tha maasurod solutions.

8 Expression of resulis

8.1 Method of calculation

Converl the net absorbance (see 7.3.4) Inlo the cor-
rosponding concentration, expressed in micrograms
of Tl per mlllllitra, in the colotr-developed test saol-
utioh by uslng lha callbration graph (7.4.3}%

Tha fitaninm content, axprorsed a8 a8 parcentage by
mass, wy, i diven by Lthe equation

Vo H

1
1 = - W W s W K'“:tﬂ'
pT| {FTI. i F?Tl.ﬂ) 10.5 II;' bas!

1 .Y 50
={p 10— Prp) ¥ of X‘f}; X pae % 108
_ Folens — oap)

2001,
where

pne 19 the concentration, sxpressad in micro-
grams por milliliira, of titaniom in lhe
blank 1esy solution {correcled lor ils
compensating solution);

prty I8 the concentration, expreszed in mlcro-
arams per millilitre, ol {tanium in tha test
gofution {corvectad for s compensating
solution),

¥ is the volume, in mlitres, of the test
solution {saa 7.3.2 and table 1);
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¥ I5 the yolume, [n millilittes, of tho allqueat
porllon (see tatle 1}, :

¥ is the wvolume, in mitlilitres, of colour-
developed solution (see 7.3.3];

HI is the mass, I grams, of the teat portian
7. 1.

H.2 Precisfon

A planped trial of this methot was carrfed out by 17
lahoratories, at nine levels of titanium, each labora.
tory making three determinations {see notos 3 and
4} of titanlum content at each level.

The lest samples used are listed In table A1,

The resulis ﬂbtainéd were treated statistically in ac-
cordance with 150 5725,

Tha data oblained showed a logaiithmic relationship
between titanium content and repeatabliity (1) and
reproducibllity (£ and A,) of the tesl resulis {=ee
nota 5} az summarized in tabie 3. Tha graphical
represenlalian of e gures 15 gliven in annex B.

Table 3

Tltanlum Rapeatabil Reproducibllity

content B ¥ P !

B (it} v R R
b.0a2 . D00 25 0,000 8¢ 1 GO0063
0,005 0,000 64 00013 | 0,00089

R 000075 00020 00013
n,h2s 0,0012 0,003 3 00018
L] 0001 & o fiftd & n002 5
0,10 hUnz e 1 o007 00034
0,25 00034 001145 nO0449
nsn 00047 no17 s 0965
080 0,005 B 0,022 7 0,007 B

HOTES

3 Two of the three determinations were carrled oul un-
der repeatabliity cond|tfons as defined In 150 5725, be
ore Gperator, sama apparatue, identical operating copn-
ditions, same calibration, and a minimum pariod of Hme,

4  The third detormination was carried oot at a different
time [on a differant day) by the same aperator as in
hote 3 using the same apparatus with a new callbration.

5 From the results abtainod on day 1 the repeatabfifly
{r] and the reproduclbillly {(f] were calculatad using the
protadure specified in ESO 5725, From the Arst result ab-
talned on day 1 and tho result obtained on day 2, the
within-laboralory reproducibility (2} was calculated,
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9 Special casa

Faor 1est partions containing tungsten, fuse the resi-
due from the sulivrle acld-hydrofluoric acid treat-
ment with 5 g of sodlum carbonete {4.3) at 350 °C
Cool and dizsalve the mett in 200 ml of water, Heat
tey bolling and Fiter through a medium texture filter
paper while washing with hot water, Discard the
filtrate, Transfer the filler paper and restdue o a
cruclhle {5.1), dry and ignite at 70D “C.

Froceed as specified In tha 2nd paragraph of 7.3.2,
fromm "Fuse the resldue with 1.0 g of potasaium hy-
drogen sulfate (4.2) ..." to the and,

Carry cut a saparste blank test (7.2} and prepare a
sopatate reagent blank solutton {4.14) to eover this
pracedure,
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10 Test report

The tesl report shall include .the following infor-
mation:

a} all informatlon necessary for the [dentificalion of
the sampla, the laboratory and the date of
analysis;

b} the mothod ugsed by reference to this Inler-
national Slandard;

ct Lhe results, and the form in which they arge ax.
pressed;

d] gny unusual faatures nolod during the deteirmi-
nation;

&) any operation not spacified in Whis International
Standard, or any optlonal oparatlon which may
hawve influoneed the resulls.
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Annex A
(informative)

Additional information on the international cooperative tests

Tabla 3 was derlved lrom the results of international The resultz of the trials wore reported in document
anaiyiical trials carrled qut In 1987 and 1988 on eight 1741 N 807, May 1828 The graphical raprasentation
steel samples and one pig iron samplo in aight of the prectsion data Is glven in annex B,

countries involving 17 lahoratories,
The test samples usad are listed In table A,

Table A1
Titanium content
o, (=]
Sampla % {mim)
Cartiliad _ Fognd _

) Pr Waps
BHP-D2 [Mild staal) _ 0,002} 0,001 8 0,0015
MBS 11h {Mild steel) 0,004 00037 00035
J5E 500-5 [Low alloved stesl) (R 11] 00061 00060
JSE 189-F (Mikd stael) 0.mz 0067 0,010
BCE 453 (Mild eteel} 0,013 0,0141 00144
JBS 17123 (Mild steel) ) ' 1,035 0,0350 00245
438 102-4 (Pig iron) 0,083 0,0809 0,080
HES 1214d (Stainless steal) ' 0,342 0,339 0,34a
BCS 2588 (PFormanent magneat alloy) 078 ' 0,7H4 ' 0,784

S [

Wy, : general mean within a day
Wy o fenetal meat belween days
1} Hon=cerufied value,
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Annex B
{informative)

Graphlcal representation of precision data

005 —

-—4}-—# ?-—
00z - “'—““_Rw ’,
0.0
0,005

&
z
0,002
0,01
0,000 5
00002 Lo Ll o el NN RREn
L)
2001 0,002 co05s 00t 002 0,08 6.1 0.2 .5 1

Thaniom conbent [9% [mam 1]

Flgure B.1 — Logarithmic refationships between titanlum content (#;) and repeatability (r) and reproducibility
(fand £}

g r = 0,467 3 Iy vy — 2,188 w0 general mean within & day
lg R = 05587 Ig iy, - 1,590 W2 Oenerat mean between days

Ig R, = 0,064 8 Ig ¥y, ; — 2,081
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UDC 669.13/.14:543.42:546.62 ' T e

Descriptors; ateele, Iran, naat ran, chemical anpalysls,

determination of contant, Llitanlum, spestrometrle et hind.

Prluy based on § pagos
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