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INTERNATIONAL STANDARD

ISO 11433:1993(E)

Nickel alloys — Determination of titanium content —
Diantipyrylmethane molecular absorption

spectrometric method

1 Scope

This Imternatioral Standard specifies a molecular ab-
sorption spectrometric methed for the determinatien
of titanium in the range of 03 % mM o
5.0 % {mhu) in nickel alloys. Evidence exists that ex-
tenston of this method 15 possible for titanium con-
tents down to 0,05 5% (mdal,

todifications in the general metheg aliow the deter-
mination of titanium i alloys confaining tungsten
andjor tantalurm.

2 Normative references

The following standards contain provisions which,
threugh reference in thig text, constitute provisions
of this Internaticnal Standard. At the time of publi-
satian, the editions indicated wara valid. All standards
are subject to ravision, and paries 10 agreements
hased on this Intarnational Standard are ancouraged
to investigate the possibility of appiving the most re-
cent editions of the standards indicated balow.
iembers of |IEC and IS0 maintain registers of cur-
rantiy valid International Standards,

IS0 385-1:1984, Laboratory glassware — Burstfas —
Fart 1; Gengral requirsments,

ISO 848:15377, [aboratory glassware — One-mark
pinettas.

|50 1042:1983, Laboratory glassware — One-mark
vofurnetric flaske.

IS0 57251986, Precision of test methods — Detar-
rination of repeatabiity and ropraducibility for g
standard test method by inter-laboratary fests.
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3 Principle

Dissolution of a test portion in hydrochloric and nitric
acids. Removal of hydrochloric acid and nitric acid by
evaparation to fumes in the presence of sulfuric agid,

Formation of the titanium diantipyryrmethana complax
and measurement of the ebaorbance of the test aol-
ution at a wavetength of 390 nm.

4 Reagents
Dueing the analysis, unless othearize stated, use only

raagents of recognized analytical grade and only dis-
tillad wwatar or water of eguivalent purity.

4.1 Hydrochloric acid, p.g = 1,18 gfml,

4.2 Hydrochloric acld, p,p= 118 g/ml, dilutad
T+1,

4.3 Salfuric aeid, pyy = 1,84 gfrml, diluted 1+1.

Slowtdy, and with constant stirring, add 100 ml of
guifuric acid to 100 ml of water.

4.4 Nitric acid, p,p = 1,41 gfml.

485 Ammanium hydraxide, soiution
faw= 0,88 g.lrml

4.6 Potasslum hydrogan sulfate (HSO,).

4,7 Agcarble acld, solution,

Dissolva 20 g of ascorbic acid (CgHzOgl in water, di-
lute to 200 ml and mix.

4.8 Oxalie acid, solution,

Oiggolve 10g of oxalic  acid  dihydrste
[ICQGH},. 2H0] in water, dilvte to 200 mi and mix.
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4% Diantipyrylmethane, solution

Digsolve 4 g of diantipyrylmethane rmonohydrate
{CgaHgy M40, Ha0) in watar containing 26 ml of the
hydrochloric acid (4.2), dilute 1o 200 ml and mix.

4.10 Sodlum chlorlde, solution,

Dissalve 117 g of sodiurm chluride (MaCl in water, di-
wie to B0 ml and mix.

4.11 -Tl'tanlum,
(0,200 gfl.

standard reference solution

Digzolve 0,730 g of potassium  titanyl  oxalate
dimydrate [KoTiC0,4),.2H 0] in water. Add B0 ml
of the dilute sulfuric acid (4.3) and evaparate to heavy
fumes, Cool and dilute with water. Transfer the caold
solution to a 500 ml one-mark yalumetric flask, make
up to the mark with wator and mix.

£,12 Titanium, standard solution {25 majfl).

Transfer 25,0 ml of the titanium standard reference
salution {4.11) to a 200 ml ane-mars velumetric flask.
Add 20 ml of the dilvte sulfuric acid {4.3). Cocol the
solutian, maka up to the mack with water and Tix.

5 Apparatus

Ordinary laboratary apparatus and
5.1 Unsetched conlcal beakers, of capacity 125 ml.

5.2 Volumetre flasks, of capacities 53 ml, 100 ml,
200 ml, 280 e and 500 ml, in accordsnce with
IS0 1042, Class A

5.3 Pipette, of capacity 5 ml, in accordance with
150 848, Class A

5.4 Microburette, of capacity 10 ml, graduated in
divisions of 0.02 ml, in accordance with 150 38E-1,
Class A,

5.5 Molecular absorption spectrometer, capalils
of rmeasuring absorbance st & wavelength  of
380 nm.

6 Sampling and sample preparation

6.1 Sarmpling and preparation of the lsboratory
sampla shall ba carried out by normar agreec pro-
cedures ar, in the case of dispute, according to the
relevant |1ternational Standard.

6.2 The laboratory sarnple is normally in the form
of millings or drilliqgs and no further praparation of the
sarmpla is nacassary,
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6.3 If it i5s suspected that “he laboratory sample is
sontaminated with ol or greasa from the milling or
drifling pracess, 1t shall be cleansed by washing with
high-purity acatone and dried in air.

6.4 |f the aborstory samgle cortains paricles or
picoos of wicely varying = zes, the test sample should
be ohtained by riffling.

7 Procedure

7.1 Preparation of tast sclution

7.1.1 Test portion

Weigh, to “he nearsst 0,1 mg, a tast gortien of the
sample according ta table 1,

Tabhle 1 — Mass of sample to be taken

Expocted titanium
content Mass of sample
% [} g
0,3t 30 0,19 to 0.1
30w B0 0055 to 11

7.1.2 Dissolution of a test portion in acid

Transfar tha test partion to the 125 ml conical beakear
(5.°). Add 10 ml of the hydrochloric actd (4.1} and
3 ml of the itric ac'd 4.4, Apply sufticient heat tc
iritiate ard maittain the resction wntil dissolutisn is
complete. If tha allay resists dissolutien, some ad-
justment of the acid mixture may ke required. Add
hiydrochloric azid {4.1) in 1 ml increments and con-
tinue heating to dissolva ths test portion.

7.1.2 Preparation of the final tast selution

Add 7 ml of the dilute sulfuric acid (4.3} and evaporate
the sclution untit heavy white furmes appear. Cool the
contents and orgceed as directed in 7131 or
7.1.9.2, dzpending on whether tantalum is present ar
rst,

7.1.3.1 In the absence of tantalum =sdd 20 ml of
the pxalic agid solution (4.8]) and heat to dissolva the
galwa. Caol the solution and, in tungsten-free alloys,
proceed &5 directed in 71,4,

7.1.3.1.1 If the alloy contains tungsten, add suf-
ficient 2mmanium bydexide solution (4.5} ta rake
the solutian akaline. Boil the seolution wuntil the
tungstic acid is dissolved., Cool the solusion ard re-
acidify by adding 20 ml of the hydrochloric azid (£.10
Coal the solution and proceed as directed in 7.7.4,




7.1.3.2 In the presence of tantalum zdd 30 ml of
watzer, heat 1o dissolve the salts and cool again, Filter
tha solution through & tightfy packed filter pulp pad.
Waah the precipitate with warm water. Retain the
filtrate. Transfer the pad and precipitate to a platinum
crucible. Ignite at 800 °C and coal. Add 1g of tha
potassium hydrogen sulfate (4.8}, cover the crucitle
with a platinurm lid, and fuse carefully over a flame.
Cool and transfer the crucible to a 160 ml heaker
cortaining 20 mi of the oxalic acid solution (4.8}, Heat
carsfully until the melt is dissclved. Ywash and remove
the platinum crucible. Combing the oxalate solution
with the original filtrate and procsed as dirasted in
714,

1.1.4 Dilutions

7.1.41 Dilution far less than 1 % {mvia) titanium

Transfer the tast solution (7.1.3.1 or 7.1.3.1.1 ar
F.1.3.2) toa 100 ml ons-mark volumeiric flask (5.2,
maka U to the mark with watar and mix

7.1.4.2 Dilution for 1 % Gedw) to 5 % (mn)
titanlum

Transfer the test solution i7.1.3.1 or 7.1.31.1 or
7.1.3.2) to a 250 ml sne-rark volumetric flask (5.2],
rrake up to the mark with water and mix.

1.2 Colour development

721 Using a pipene {5.3), wransfer 5,0 ml alquots
of the test solution (7.1.4.1 or 7.1.4.2) to each of twio
B0 ml ane-mrark volumetric flasks (5.2)

1.22 Add BEOml of the gdifute hydrochloric acid
{42, 5.0 ml of the ascorbic acid solution (4.7} and
20,0 ml of the sodium chloride solution {4.10] to beth
voiumetric flaska, 3ix the solutions and allow to siand
for a few rminutes.

1.2.3  Add 100 ml of the diantivyrvimethane solution
{4.9) 10 cne of the volurretriz flasks,

1.2.4  Make up the salutions i both flasks (7.2.2 and
7.2.3} 10 the marks with water, ik and allowy to stand
far 40 min.

7.3 Spectrometric msasurement

7.3.1 Using 1 em <alls, measure the absorbance of
both sclutions in 7.2.4 against watser as the referance,
at 8 wavelength of 320 nm with the molecular ab-
sarption spastramatar [5.5).

7.3.2 Subtract the background absorbance of the
test solation fram the absorbance of the test solition
containing the diantipyryimethans comples;,
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7.4 Blank test

Carry out a blank test in parallal with the determi-
nation, following the same procedurs and using the
same quantities of all the reagents,

1.5 Calibration

751 Using & microburetie (5.4), transfer O ml
1.0ml, 20ml 3.0ml, 40ml and 50 ml of the
titanium standard sclution (4,12] to a series of 50 mi
cne-rmark. valurmnatric flasks,

.52 Add the diluts hydrachloric acid, ascorbic acid
and sodium chlpride solutions as described in 7.2.2.

1.8.3 Add 10,0 ml of the diantipyrylmethane solution
(4.9] to the sowutions, Dilute the soluticns to the marks
with water angd mix, Allow to stand for 40 min.

Thiz ssrizs corresponds to Opg, 05 pg, 1.0 g
1.5 pg, 20 pg and 2.5 pg of titanium per millilitre,

7.5.4 Mieasure the absorbance of the calibration
soluicns as described in 7.3, Subtract the measured
ghsorbance of the 0 pgiml calbration solution from
the absorpance values of the remaining calibration
solutions,

155 [lot the corrected absorbance wvalues against
the respactive concentrations of titanium, in micro-
grarng per millifre, in the calibration salutions.

7.6 Number of determinations

Carry out the detarmination at least in duplicate.

7.7 Check test

The performznee of the method may be checkad by
analysing, in parallel with the determination andg fol-
lowing the sarme procedure, ong of more samples of
the same alloy type whose titanium content is known.

8 Expression of results

8.1 Calculation

B.1.1 Detarmine tha conceatration of titanium in the
test solution [see 7.3.2), and in the blank test [7.4) by
mmesns of the calibration graph (7.5.5)

8.1.2 Calculate the titanium comeht wy, &xpressaed
as a parcenfage by mass, of the teat portion using tha
formula
fori — prigV -
WT' = m x Iﬂ 3

1 i

wiere




ISO 11433:1993(E)

a7i is the fitanium concentration, in micro-
grams per millititre, in the test solution
{8.1.1%

prip 19 the titanium concentration, in micro-
grams per millilitra, in the blank test saol-
ution 8.1.1%;

v is the volume, in mililitres, of the tast sol-
ution {7.1.4.71 or 7.1.4.2);

! i the mass, in grams, of the test portion
7. 1,10

8.2 Pracision

8.2.1 Laboratory tests

Eleven labaratories in four counties partizicatad inthe
tosting of this procsdura using four samples of nom-
inal cormposition glven in table 2. Each sample was
aralysed in duplicate on differant days,

2.2.2 Statlstleal analysis

8221 Resuts from the interlaberatory test pro-
gramme were evaluated according 1o 150 5725, using
the means of the duplicata resulta, The data were
testad for statistical autliers by the Cochran and DBixor
tasts given in 150 5725,

8222 The principie of the Cochran tast is that a st
of results is an outher if the withindabharstory varianss
is too large in relation to others. Dixon's test is 10
detarmine if the mean from labaratory is too far from

the ather labaratory means. Both tests ware applisd
at the BH % confidence level.

B,2.2.3 Ropeatability and reproducikility were calcu-
lated according to 150 5725 at the 85 % confidence
leval. Results of the statistical anelyses are given in
table 3.

8.2.2.4 One laboratory was rejected as a Cochran
autlier for sample RE-1.

9 Interferences
Maolybdenum, if present, may cause 2 high bias in the

reported titanium valus {see 8.1.2) to the extenl of
0,001 9% {mhn) Ti for avary 1.0 % (s Mo,

10 Test report

The test repert shall include t1e following infanmation:
al the reference to the methad used,

bl the reaults of tha analysis;

¢l the number of independant renlications;

di sy unusuel festures rated during the anslysis,

g] any operaticn not included in this Internatioral
Standard or ragarded as optional.

Table 2 — Nominal composition of tast samples [% {m/mi]

Sampls Al Co cr Fa Hf hin Mh Ta T W Mi
RE-1 6.5 10 g — 1,6 — —_ 2.5 1.5 10 Harnaindar
RE-Z 0.5 0.5 20 18 — 3 5 — [NE — Asrmainder
RE-3 [ 18 27 — — — 1 1.4 a7 s Rarnainder
RE-4 3.0 10 14 —_ _ 4 — — £0 4 Ramaindear

Takle 3 — Results of statistical analysls

Sample Maan, Within-laboratory | Batween-labora- bil R dusibll
standard tory standard Rapaatability eproducibllity
reference [% fn]] deviation deviation
RE-t 1,45 £.015 {0,028 0,041 G084
RE-2 0,37 0,007 0,012 0018 0,038
RE-3 3,69 0,018 0.02e 0.080 0028
RE-4 500 0,022 0,044 {063 0,135
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