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Table 1 

Ti content, WTi 

% bnlm) 

Mass of test 
Portion 

Cl 

Aliquot (7.42) 

ml 

0,Ol < WTi < O,l 0,5 30,o 

O,l < WTi < O,3 0,5 20,o 

O,3 < WTi < Ir0 0,5 5,O 

lt0 < WTi < 6,O 0,13 . 5,O 

NOTE - The test Portion should be taken and weighed quickly in Order 
to avoid reabsorption of moisture. 

7.4 Determination 

7.4.1 Decomposition of the test Portion 

If the decomposition is to be based on acid attack, proceed as 
instructed in 7.4.1.1. If it is on alkali sintering, proceed as in- 
structed in 7.4.1.2, and if it is on fusion, proceed as instructed 
in 7.4.1.3, respectively. 

7.4.1.1 Acid attack 

Place the test Portion (7.3) in a 300 ml beaker, moisten with a 
few drops of water, add 30 ml of hydrochloric acid (4.61, cover 
with a watch-glass, and heat gently to decompose. Add 5 ml of 
the nitric acid (4.9) and 10 ml of sulfuric acid (4.11), remove the 
watch-glass, heat cautiously to dense white fumes, and con- 
tinue heating for about IO min. Allow the beaker to cool, add 
20 ml of hydrochl.oric acid (4.7) and about 50 ml of water, and 
heat to dissolve the soluble salts. 

Filter the Solution through a medium-texture filter Paper, strub 
the wall of the beaker with a rubber-tipped glass rod, and 
transfer the residue to the filter Paper. Wash the residue two or 
three times with hot sulfuric acid (4.13) and two or three times 
with hot water. Collect the filtrate and washings in a 300 ml 
beaker and reserveras the main Solution. 

Place the filter Paper and the residue in a platinum crucible, -dry, 
char, ignite and cool. Moisten the residue in the crucible with 
sulfuric acid (4.11), add 5 ml of the hydrofluoric acid (4.10) and 
heat gently to expel the Silicon tetrafluoride and sulfuric acid. 
Allow the crucible to cool, add about 2 g of the potassium 
pyrosulfate (4.11, cover with a platinum lid, and heat first gent- 
ly, then finally to dull red heat to fuse the residue. 

NOTE - If necessary for complete fusion, the 
pyrosu Ifate may be increased to 5 g in all. 

amount of potassium 

After cooling, transfer the crucible and lid to the 300 ml beaker 
containing the main Solution, heat to dissolve the cooled melt, 
and take out the crucible and lid after washing with water. 
Transfer the Solution to a 200 ml volumetric flask, dilute to 
volume and mix. 

7.4.1.2 Alkali sintering 

Place the test Portion in a nicke1 crucible, add 3 g of the sodium 
peroxide (4.21, mix weil using a platinum or nicke1 spatula, and 
tamp the mixture. Place the crucible for 1 or 2 min at the en- 
trance of a muffle furnace, the temperature of which is 
regulated at 400 + 20 OC, and then into the furnace for about 
1 h to effect sintering. Take the crucible out of the furnace and 
cool. Transfer the sintered mass to a 300 ml beaker, cover the 
beaker with a watch-glass and add about 30 ml of water. 

NOTE - If the volume of water added is insufficient, bumping may oc- 
cur on subsequent heating. As a safety precaution, the volume may be 
increased up to 100 ml. 

Rinse the crucible first with water and then once with 
hydrochloric acid (4.8), and add the washings to the mass in 
the beaker. Acidify slowly with 30 ml of hydrochloric acid (4.61, 
cover the beaker with a watch-glass and heat the Solution 
gently to decompose the excess of Peroxide. Remove the 
watch-glass, add 10 ml of sulfuric acid (4.11), heat cautiously 
to dense white fumes and continue heating for about 10 min. 
Allow the beaker to cool, add 20 ml of hydrochloric acid (4.7) 
and about 50 ml of water, and heat to dissolve the soluble salts. 

Filter the Solution through a medium-texture filter Paper, strub 
the wall of the beaker with a rubber-tipped glass rod, and 
transfer the residue to the filter Paper. Wash the residue two or 
three times with hot sulfuric acid (4.13) and two or three times 
with hot water. Collect the filtrate and washings in a 300 ml 
beaker and reserve as the main solution. 

Place the filter Paper and the residue in a platinum crucible, dry, 
char, ignite and cool. Moisten the residue in the crucible with 
sulfuric acid (4.111, add 5 ml of hydrofluoric acid (4.10) and 
heat gently to expel the Silicon tetrafluoride and sulfuric acid. 
Allow the crucible to cool, add about 2 g of the potassium 
pyrosulfate (4.11, cover with a platinum lid, and heat first gent- 
ly, then finally to dull red heat to fuse the residue. 

NOTE - If necessary for complete fusion 
pyrosulfate may be increased to 5 g in all. 

, the amount of potassium 

After cooling, transfer the crucible and lid to the 300 ml beaker 
containing the main Solution, heat to dissolve the cooled melt, 
and take out the crucible and lid after washing with water. 
Transfer the Solution to a 200 ml volumetric flask, dilute to 
volume and mix. 

7.4.1.3 Alkali fusion 

Mix the test Portion with 5 g of fusion mixture (4.5) in a 
platinum crucible, cover with a platinum lid, heat gently, and 
after melting fuse at a temperature of 1 000 to 1 050 OC for 
about 10 min. Remove from the heat and swirl cautiously to 
Cause the cooling melt to solidify in a thin layer on the wall of 
the crucible. Allow the crucible to cool, place the crucible and 
lid and the contents in a 300 ml beaker and add 100 ml of 
hydrochloric acid (4.8). Dissolve the melt, take out the crucible 
and lid and wash into the beaker. 
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NOTE - If an undissolved 
f iltered and discarded. 

residue remains, such residue should be c x 100 c 
WTj ( % ) = xloo= - 

rnl x 1000000 

Transfer the Solution into a 200 ml volumetric flask, dilute to 
volume and mix. 

where 

c 

7.4.2 Spectrophotometric determination 

is the concentration, in micrograms per millilitre, of 
titanium in the final test Solution; 

ml is the mass, in grams, of Sample represented in the 
100 ml of final test Solution calculated from the equation 

mo x v 
vlj = 

200 

Pipette an aliquot, given in table 1, of the test Solution and the 
blank Solution, respectively, into 100 ml volumetric flasks, add 
5 ml of ammonium iron(lll) sulfate Solution (4.16), add IO ml of 
the ascorbic acid Solution (4.15) and Shake. Add 15 ml of 
hydrochloric acid (4.7) and 30 ml of the diantipyrylmethane 
Solution (4.14), dilute to volume with water and mix (the final 
test Solution). 

in which 

~0 is the mass of the test Portion (table 1); 

V is the volume of the aliquot (table 1). 

Allow to stand for at least 20 min and measure the absorbance 
at a wavelength of approximately 385 nm in a 10 mm cell using 8.2 General treatment of results 
the blank test Solution as a reference. 

8.2.1 Repeatability and permissible tolerante 
NOTES 

1 20 mm cells may be used, if necessary, for test solutions of lowest 
titanium contents. 

The precision of this analytical method is expressed by the 
following regression equations : ‘) 

2 When the fusion decomposition is applied to samples containing 
more than 1 % (mlm) Silicon, the test Solution, after colour develop- 
ment and just before measuring the absorbance, should be filtered to 
remove possible precipitates of silica. 

3 The colour is stable for at least 24 h. 

Determine the concentration, expressed in micrograms per 
millilitre, of titanium from the absorbance using the calibration 
graph prepared as instructed in 7.4.3. 

7.4;3 Preparation of calibration graph 

Decomposition 
method Regression formulae 

Acid attack r = 0,0204.~+0,0045 . ..(2) 
P = OJM47.X + 0,007o . . . (3) 
Or = 0,007 2.~ + 0,001 6 . . . (4) 
OL = 0,0150.X + 0,0022 . . . (5) 

Alkali sintering r = 0,0223.~+0,0015 . ..(6) 
P = 0,074 1 .Y - 0,001 8 (7) 
for 0,Ol < x < 0,024 3 P = 1 ,&‘o, 
Or = 0,0079.~+0,0005 . ..(8) 
OL = 0,0256x-0,0008 . ..(9) 

Take 0,O; 1 ,O; 3,0; 5,0; 7,0; and 10,O ml of the titanium Standard 
Solution (4.18) into six 100 ml volumetric flasks, add 5 ml of the 
ammonium iron( Ill) sulfate Solution (4.16) and 10 ml of the 
ascorbic acid Solution (4.15), and Shake. Add 15 ml of 
hydrochloric acid (4.7) and 30 ml of the diantipyrylmethane 
Solution (4.14) to each flask, dilute to volume and proceed as 
instructed in 7.4.2. Plot the relationship between the concen- 
tration, expressed in micrograms per millilitre, of titanium and 
the absorbance to prepare the calibration graph. 

Alkali fusion r = 0,020 2.K + 0,004 1 (IO) 
P = 0,0519.~+0,0076 :::(ll, 
Or = 0,007 1 .Y + 0,0015 . . . (12) 
OL = 0,0176x + 0,0025 . . . (13) 

where 

r is the permissible tolerante within a laboratory 
( repeatability); 

P is the permissible tolerante between laboratories; 

or is the within laboratory Standard deviation; 1 

8 Expression of results aL is the between laboratories Standard deviation; 

.Y is the titanium content, expressed as a percentage by 

8.1 Calculation of titanium content 
mass, of the test Sample, calculated as follows: 

- within laboratory equations (2, 4, 6, 8, 10, 12); the 

. 

The titanium content, WTi, as a percentage by mass, iS 
arithmetic mean of the duplicate values, 

calculated to five decimal places for contents lower than 1 % - between laboratory equations (3, 5, 7, 9, 11, 13); 
(mlm) and to four decimal places for contents higher than 1 % 
(mlm), using the equation 

the arithmetic mean of the final results (8.2.3) of the two 
Ia boratories. 
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8.2.2 Acceptance of analytical values b) if the certification has been made by only one laboratory or if 
the interlaboratory results are missing, use the formula 

The result obtained for the certified reference material shall be 
such that the differente be tween this result and the certificate 
value of the reference material is statistically insignificant. For a 
reference material that has been analysed by at least 10 
laboratories using method(s) that are comparable both in ac- 
curacy and precision with this method, the following condition 
may be used to test the significance of the differente: 

8.2.3 Calculation of final result 

The final result is the arithmetic mean of the acceptable 
analytical values for the test Sample, or as otherwise deter- 
mined by the operations specified in annex A, calculated to five 
decimal places for contents of titanium lower than 1 % (mlm) 
and to four .decimal places for contents higher than 
1 % (mlm). 

c-v2 “WC ,stc + - 
(A C- Al<2 

J 
y1wc iJ2 

+$+ -!l . . . (14) 
Nc n 

where 

For contents of titanium lower than 1 % (mlm) the value 
calculated to five decimal places is rounded off to the third 
decimal place as follows: 

A, is the certified value; 

4 is the result or 
reference material; 

the mean of results obtained for the 

a) when the figure in the fourth decimal place is less than 
5, it Os discarded and the figure in the third decimal place is 
kept unchanged; 

.sL, is the between Ia 
certifying laboratories; 

tories Standard deviation sf the 

*pWC is the within 
fying laboratories; 

laboratory Standard deviation of the certi- 
b) when the figure in the fourth decimal place is 5 and 
there is a figure other than 0 in the fifth decimal place, or 
when the figure in the fourth decimal place is greater 
than 5, the figure in the third decimal place is increased by 
one; 

ytwc is the average number 
the certifying laboratories; 

of replicate determinations in 

NC is the number of certifying laboratories; 
c) when the figure in the fourth decimal place is 5 and 
there is no figure other than 0 in the fifth decimal place, the 
5 is discarded and the figure in the third decimal place is 
kept unchanged if it is 0,2,4,6 or 8, and increased by one if 
it is 1, 3, 5, 7 or 9. 

r2 is the number of replicate determinations on the 
reference Sample (in most cases n = 1); 

aL and or are as defined in 8.2.1. 

If condition (14) is satisfied, i.e. if the left-hand side is less than 
or equal to the right-hand side, then the differente) Ac - 4 1 is 
statistically insignificant; otherwise, it is statistically significant. 

In a similar manner, with the ordinal numbers decreased by 
one, the value for contents of titanium higher than 1 (mlm) is 
rounded off to the second decimal place. 

When the differente is significant, the analysis shall be 
repeated, simultaneously with an analysis of the test Sample. If 
the differente is again significant, the procedure shall be 
repeated using a different certified reference material of the 
same type of ore. 

8.3 Oxide factor 

WTiO (%) = 1,668 WTi (%) 

When the range of the two values for the test Sample is outside 
the Iimit for r calculated according to equations (2) or (6) or (IO) 
as appropriate, one or more additional tests shall be carried out 
in accordance with the flowsheet presented in annex A, 
simultaneously with a corresponding blank test and an analysis 
of a certified reference material of the same type of ore. 

9 Test report 

The test report shall include the following information: 

a) reference to this International Standard; 
Acceptability of the results for the test Sample shall in each case 
be subject to the acceptability of the results for the certified 
reference material. 

b) details necessary for the identification of the Sample; 

Cl result of the analysis; 

d) reference number of the result; 
NOTE - The following procedure shoul d be used whe 
tion on the reference material certificate is incomplete : 

In the informa- 
e) any characteristics noticed during the determination 
and any operations not specified in this International Stan- 
dard which may have had an influence on the result, either 
for the test Sample or the certified reference material(s). 

a) if there are sufficient data to enable the between laboratories 
Standard deviation to be estimated, delete the expression s~JQ,~ 
and regard sLC as the Standard deviation of the laboratory means; 
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Annex A 

Flowsheet of the procedure for the acceptance of analytical values for test 
samples 

(An integral part of this International Standard.) 

Perform ~1, x2 

Xl + x2 + x3 

3 

I 

Perform ~3, x4 Perform x4 

Range of x1, ~2, ~3, ~4, < 1,3r 

NO 

. 

X= Median of ~1, ~2, ~3, x4 

r: as defined in 8.2.1. 

6 
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Annex B 

Derivation of repeatability and permissible tolerante equations 

(This annex is for information only, and is not an integral part of this International Standard.) 

The regression equations in 8.2.1 were derived from the results (sec table 2) of two international comparative tests within 
ISO/TC 102/SC 2. 

Graphical treatment of the precision data is given in annex C. 

Table 2 

Titanium content [% (vzlm)] 
Test Number of laboratories 

participating Report Sample Acid Alkali Alkali 
attack sintering fusion 

Texada 11 TC 102lSC 2 N 438 0,025 3 0,025 2 3 1st 1975176 0,026 
(Mar. 1976) Pala bora 0,536 0,543 0,541 

Philippine iron sand 3,794 3,814 3,812 

TC 102lSC 2 N 500 UK Sinter 0,180 - 2nd 1977178 24 0,186 

(May 1978) Savage river pellet 0,160 0,163 0,161 

Sishen 0,040 0,040 0,040 

NOTE - The statistical analysis has been performed in accordance with the principles embodied in ISO 5725. 

7 
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