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INTERNATIONAL STANDARD

ISO 11433:1993(E)

Nickel alloys — Determination of titanium content —
Diantipyrylmethane molecular absorption

spectrometric method

1 Scope

This Intefnational Standard specifies a molecular ab-
sorption $pectrometric method for the determination
of titanium in the range of 0,3 % (m/m) to
5,0 % (mfm) in nickel alloys. Evidence exists that ex-
tension of this method is possible for titanium con-
tents down to 0,05 % (m/m).

Modificat|ons in the general method allow the deter-

mination |of titanium in alloys containing tungsten
and/or tamtalum.

2 Normative references

The following standards contain provisions which,
through rfeference in this Aext, constitute provisions
of this International Standard. At the time of publi-
cation, the editions indicated were valid. All standards
are subjgct to revision, and parties to agreements
based on| this International Standard are encouraged
to investipate the possibility of applying the most re-
cent editior’s, ‘of the standards indicated below.
Memberg o IEC and ISO maintain registers of cur-

3 Principle

Dissolution of a-test portion in hydroch

oric and nitric

acids. Removal of hydrochloric acid and nitric acid by

evaporation 1o fumes in the presence o

sulfuric acid.

Formatien of the titanium diantipyrylmethane complex

and ‘measurement of the absorbance o
ution at a wavelength of 390 nm.

4 Reagents

During the analysis, unless otherwise st
reagents of recognized analytical grade

tilled water or water of equivalent purity.

4.1 Hydrochloric acid, p,; = 1,18 g/m|.

4.2 Hydrochloric acid,
1+1.

p0 =118

f the test sol-

bted, use only
and only dis-

h/ml,  diluted

4.3 Sulfuric acid, p,y = 1,84 g/ml, diluted 1+ 1.

Slowly, and with constant stirring, a
sulfuric acid to 100 ml of water.

4.4 Nitric acid, p,o = 1,41 g/ml.

id 100 ml of

rently valid International Standards.

ISO 385-1:1984, Laboratory glassware — Burettes —
Part 1: General requirements.

ISO 648:1977, Laboratory glassware — One-mark
pipettes.

ISO 1042:1983, Laboratory glassware — One-mark
volumetric flasks.

ISO 5725:1986, Precision of test methods — Deter-
mination of repeatability and reproducibility for a
standard test method by inter-laboratory tests.

4.5 Ammonium hydroxide, solution
P20 = 0188 g/ml

4.6 Potassium hydrogen sulfate (KHSO,).

4.7 Ascorbic acid, solution.

Dissolve 20 g of ascorbic acid (CgHgOg) in water, di-

lute to 200 ml and mix.

4.8 Oxalic acid, solution.

Dissolve 1049 of  oxalic
[(COOH),.2H,0] in water, dilute to 200

acid

dihydrate
ml and mix.
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4.9 Diantipyrylmethane, solution

Dissolve 4 g

of diantipyrylmethane monohydrate

(Cy3H24N40,.H,0) in water containing 25 ml of the
hydrochloric acid (4.2), dilute to 200 ml and mix.

4.10 Sodium chloride, solution.

Dissolve 117 g of sodium chloride (NaCl) in water, di-

Jute to 500 mi

411 Titaniu
(0,200 g/h.

Dissolve 0,7

6.3 |If it is suspected that the laboratory sample is
contaminated with oil or grease from the milling or
drilling process, it shall be cleaned by washing with
high-purity acetone and dried in air.

6.4 If the laboratory sample contains particles or
pieces of widely varying sizes, the test sample should
be obtained by riffling.

and mix.

7 Procedure
m, standard reference  solution

7.1 Preparation of test solution
B9 g of potassium titanyl oxalate

dihydrate [K,TiO(C,04),.2H,0] in water. Add 50 ml

of the dilute s

Ifuric acid (4.3) and evaporate to heavy

fumes. Cool dnd dilute with water. Transfer the cold
solution to a 400 ml one-mark volumetric flask, make

up to the mar

4.12 Titaniu

Transfer 25,0
solution (4.11)
Add 20 ml of
solution, make

with water and mix.

m, standard solution (25 mg/l).

ml of the titanium standard reference
to a 200 ml one-mark volumetric flask.
the dilute sulfuric acid (4.3). Cool the
up to the mark with water and mix.

5 Apparafus

Ordinary labor|

htory apparatus and

5.1 Unetched conical beakers, of capacity 125 ml:

5.2 Volumet
200 ml, 250
ISO 1042, Cla

5.3 Pipette,
ISO 648, Clas

ric flasks, of capacities 50 m|, 100 ml,

m| and 500 ml, in accordance with
5s A,
of capacity 5 ml, in\accordance with

5 A.

5.4 Microburette, of capacity 10 ml, graduated in

divisions of 0
Class A.

02 ml, im~accordance with ISO 385-1,

hr_absorption spectrometer, capable

dDS0IDd d d vwdavelicly U

6 Sampling and sample preparation

6.1 Sampling and preparation of the laboratory
sample shall be carried out by normal agreed pro-
cedures or, in the case of dispute, according to the
relevant International Standard.

6.2 The laboratory sample is normally in the form
of millings or drillings and no further preparation of the
sample is necessary.

7.1.1 Test portion

Weigh, to the nearest 0,1 mg, \a:test portipn of the
sample according to table 1.

Table 1 — Mass.of sample to be taken

Expected titanium
content Mass of saniple
%,_(mfm) g
0,3 t0 3,0 0,19 to 0,21
3,0t05,0 0,099 to 0,11

7.1.2 Dissolution of a test portion in acid

Transfer the test portion to the 125 ml conigal beaker
(5.1). Add 10 ml of the hydrochloric acid [4.1) and
3 mi of the nitric acid (4.4). Apply sufficient heat to
initiate and maintain the reaction until dissplution is
complete. If the alloy resists dissolution, $ome ad-
justment of the acid mixture may be requ|red. Add
hydrochloric acid (4.1) in 1 ml increments |[and con-
tinue heating to dissolve the test portion.

7.1.3 Preparation of the final test solutign

Add 7 ml of the dilute sulfuric acid (4.3) and ¢vaporate
the solution until heavy white fumes appear] Cool the
contents and proceed as directed in 7}1.3.1 or

t er-tantatarm—ts—gresent or

not.

7.1.3.1 In the absence of tantalum add 20 ml of
the oxalic acid solution (4.8) and heat to dissolve the
salts. Cool the solution and, in tungsten-free alloys,
proceed as directed in 7.1.4.

7.1.3.1.1 If the alloy contains tungsten, add suf-
ficient ammonium hydroxide solution (4.5) to make
the solution alkaline. Boil the solution until the
tungstic acid is dissolved. Cool the solution and re-
acidify by adding 20 ml of the hydrochloric acid (4.1).
Cool the solution and proceed as directed in 7.1.4.
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7.1.3.2 In the presence of tantalum add 30 mi of
water, heat to dissolve the salts and cool again. Filter
the solution through a tightly packed filter pulp pad.
Wash the precipitate with warm water. Retain the
filtrate. Transfer the pad and precipitate to a platinum
crucible. Ignite at 800 °C and cool. Add 1 g of the
potassium hydrogen sulfate (4.6), cover the crucible
with a platinum lid, and fuse carefully over a flame.
Cool and transfer the crucible to a 150 ml beaker
containing 20 ml of the oxalic acid solution (4.8). Heat
carefully until the melt is dissolved. Wash and remove
the platinum crucible. Combine the oxalate solution

ISO 11433:1993(E)

7.4 Blank test

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

7.5 Calibration

7.5.1 Using a microburette (5.4), transfer 0 ml,
1,0ml, 20ml, 3,0ml, 40ml and 5,0 ml of the
titanium standard solution (4.12) to a series of 50 ml

one-mark volumetric flasks

with the
7.1.4.

- - ol e (] -l -l e - H
prigitiat Tiirdaie anu proLtol aos UlrcUiTU Tl

7.1.4 Dilutions

7.1.4.1 QDilution for less than 1 % (m/m) titanium

Transfer fhe test solution (7.1.3.1 or 7.1.3.1.1 or
7.1.3.2) td a 100 ml one-mark volumetric flask (5.2),
make up tp the mark with water and mix.

7.1.4.2 QDilution for 1 % (m/m) to 5 % (m/m)
titanium

Transfer fhe test solution (7.1.3.1 or 7.1.3.1.1 or
7.1.3.2) td a 250 ml one-mark volumetric flask (5.2),
make up tp the mark with water and mix.

7.2 Colour development

7.2.1 Using a pipette (5.3), transfer 5,0 ml aliguots
of the test solution (7.1.4.1 or 7.1.4.2) to each of two
50 ml onefmark volumetric flasks (5.2).

7.2.2 Adg 5,0 ml of the dilute hydrochloric acid
(4.2), 5,0 Ml of the ascorbic acid “solution (4.7) and
20,0 ml off the sodium chloride-solution (4.10) to both
volumetrid flasks. Mix the solutions and allow to stand
for a few minutes.

7.2.3 Adfl 10,0 mLefithe diantipyrylmethane solution
(4.9) to one of the'volumetric flasks.

7.2.4 Mdke up the solutions in both flasks (7.2.2 and

7.2 3) to tl armarke \vawith vaatar miv and allanas +a ctand
L. eSS AR A B RaaHeAW1O-Staha

7.5.2 Add the dilute hydrochloricacid,
and sodium chloride solutions as. describ

7.5.3 Add 10,0 ml of the diantipyrylmet
(4.9) to the solutions. Dilute the solutions

ascorbic acid
ed in 7.2.2.

hane solution
to the marks

with water and mix. Allew to stand for 40 min.

This series corresponds to 0 pug, 0,4
1,5 ug, 2,0 ug and*2,5 pg of titanium per

7.5.4 Measdre the absorbance of th
solutions as described in 7.3. Subtract t
absotbance of the 0 pg/ml calibration s
the~absorbance values of the remainin
sélutions.

7.5.5 Plot the corrected absorbance v
the respective concentrations of titaniu
grams per millilitre, in the calibration solt

7.6 Number of determinations

ug, 1,0 pg,
millilitre.
e calibration

he measured
olution from
g calibration

hlues against
m, in micro-
tions.

Carry out the determination at least in dyiplicate.

7.7 Check test

The performance of the method may b
analysing, in parallel with the determin
lowing the same procedure, one or mor
the same alloy type whose titanium cont

8 Expression of results

checked by
tion and fol-
e samples of
ent is known.

for 40 min.

7.3 Spectrometric measurement

7.3.1 Using 1 cm cells, measure the absorbance of
both solutions in 7.2.4 against water as the reference,
at a wavelength of 390 nm with the molecular ab-
sorption spectrometer (5.5).

7.3.2 Subtract the background absorbance of the
test solution from the absorbance of the test solution
containing the diantipyrylmethane complex.

8.1 Calculation

8.1.1 Determine the concentration of titanium in the’
test solution (see 7.3.2), and in the blank test (7.4) by

means of the calibration graph (7.5.5).

8.1.2 Calculate the titanium content wy;, expressed
as a percentage by mass, of the test portion using the

formula

_ (pri=prioV
i m

x 1073

where
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P is the titanium concentration, in micro-
grams per millilitre, in the test solution
(8.1.1);

prio is the titanium concentration, in micro-
grams per millilitre, in the blank test sol-
ution (8.1.1);

1% is the volume, in millilitres, of the test sol-
ution (7.1.4.1 or 7.1.4.2),

m is the mass, in grams, of the test portion

(7.1.1).

the other laboratory means. Both tests were applied
at the 95 % confidence level.

8.2.2.3 Repeatability and reproducibility were calcu-
lated according to ISO 5725 at the 95 % confidence
level. Results of the statistical analyses are given in
table 3.

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

8.2 Precisi

DN

8.2.1 LaborItory tests

Eleven labora
testing of this
inal composit
analysed in dy

8.2.2 Statist

8.2.2.1 Resy
gramme werg
the means o
tested for staf
tests given in

8.2.2.2 The
of results is a
is too large i

ories in four countries participated in the

procedure using four samples of nom-
on given in table2. Each sample was
plicate on different days.

ical analysis

Its from the interlaboratory test pro-
evaluated according to ISO 5725, using

the duplicate results. The data were
istical outliers by the Cochran and Dixon
ISO 5725.

brinciple of the Cochran test is that a set
h outlier if the within-laboratory variance
" relation to others. Dixon's test is to

determine if the mean from laboratory is too far from

Table 2 — Nominal composition of test samples [% (m/m)]

9

Molybdenum, if present, may cause-a high &
reported titanium value (see 8,1.2)"to the
0,001 % (m/m) Ti for every 1,00%" (m/m) Mo.

10 Test report

Interferences

ias in the
extent of

The test report shall include the following information:

a)
b)
c)
d)

e)

the referehce to the method used;

the results of the analysis;

the number of independent replications;
any unusual features noted during the ar

any operation not included in this Int
Standard or regarded as optional.

alysis;

ernational

Sample Al Co Cr Fe Hf Mo Nb Ta Ti W Ni
RE-1 5,5 10 9 — 1,6 — — 2,6 1,5 10 Renpainder
RE-2 0,5 0,5 20 18 — 3 5 — 1,0 — Renpainder
RE-3 1.9 19 22 — — — 1 1,4 3,7 2 Renpainder
RE-4 3,0 10 14 — — 4 — — 5,0 4 Renpainder

Table 3 R I £ statistical Ivsi

Sample Mean, Within-laboratory | Between-labora-

f p standard tory standard Repeatability Reproducibility
reference [% (m/m)] deviation deviation

RE-1 1,49 0,015 0,026 0,041 0,084

RE-2 0,37 0,007 0,012 0,019 0,038

RE-3 3,69 0,018 0,026 0,050 0,088

RE-4 5,09 0,022 0,044 0,063 0,139
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