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Foreword 

ISO (the International Organization for Standardization) is a worldwide federation of 
national Standards bodies (ISO member bodies). The work of preparing International 
Standards is normally carried out through ISO technical committees. Esch member 
body interested in a subject for which a technical committee has been established has 
the right to be represented on that committee. International organizations, govern- 
mental and non-governmental, in liaison with ISO, also take part in the work. 

Draft International Standards adopted by the technical committees are circulated to 
the member bodies for approval before their acceptance as International Standards by 
the ISO Council. They are approved in accordance with ISO procedures requiring at 
least 75 % approval by the member bodies voting. 

International Standard ISO 7990 was prepared by Technical Committee ISO/TC 65, 
Manganese and chromium ores. 

Users should note that all International Standards undergo revision from time to time 
and that any reference made herein to any other International Standard implies its 
latest edition, unless otherwise stated. 

0 International Organkation for Standardkation, 1985 

Printed in Switzerland 
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INTERNATIONALSTANDARD ISO 79904985 (E) 

Manganese ores and concentrates - Determination of 
total iron content - Titrimetric method after reduction 
and sulfosalicylic acid spectrophotometric method 

1 Scope and field of application 2 References 

This International Standard specifies two methods for the 
determination of the total iron content of manganese ores and 
concentrates : 

ISO 429611, Manganese ores - Sampling - Part I : lncrement 
sampling. 

method A : titrimetric method after reduction, applicable to 
products having a total iron content from 1 to 25 % (mlm); 

ISO 429612, Manganese ores - Sampling - Part2: Prep- 
aration of samples. 

method B : sulfosalicylic acid spectrophotometric method, 
applicable to products having a total iron content from 0,2 

ISO 4297, Manganese ores and concentrates - Methods of 
Chemical analysis - General ins truc tions. 

to 2 % (mlm). 

lt should be read in conjunction with ISO 4297. 
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ISO 7990-1985 (El 

Section one: Method A - Titrimetric method after reduction 

3 Principle 

In the case of ores which are easy to decompose, decompo- 
sition of a test Portion by treatment with hydrochloric acid. 

In the case of ores which are difficult to decompose, decompo- 
sition of a test Portion either by treatment with hydrochloric 
acid in the presence of ‘sodium fluoride, or by treatment with 
hydrochloric acid; Separation of the residue, fusion with 
potassium disulfate, extraction of the melt with hydrochloric 
acid, precipitation of the iron and redissolution and combi- 
nation with the main Solution. 

Reduction of the iron( Ill) with tin( II) chloride Solution. Oxi- 
dation of excess of reducing agent with mercury(ll) chloride 
Solution. Titration of the iron( II) against potassium dichromate 
Standard volumetric Solution, using sodium diphenylamine- 
sulfonate as indicator. 

4 Reagents 

4.1 Potassium disulfate ( K2Sz07). 

4.2 Sodium fluoride (NaF). 

4.3 Hydrofluoric acid, 9 1,14 g/ml, 40 % (m/m) solution. 

4.4 Hydrochlorit acid, Q 1,19 g/ml. 

4.5 Hydrochlorit acid (4.41, diluted 1 + 2. 

4.6 Hydrochlorit acid (4.4), diluted 1 + 4. 

4.7 Hydrochlorit acid (4.4), diluted 1 + 50. 

4.8 Sulfuric acid, Q 164 g/ml, diluted 1 + 1. 

4.9 Sulfuric acid-orthophosphoric acid mixture. 

Pour 150 ml of sulfuric acid (4.8) carefully, while stirring, into 
300 ml of water. After cooling add 150 ml of orthophosphoric 
acid (Q 1,70 g/ml), dilute to 1 000 ml with water and mix. 

4.18 Ammonia, Q 0,91 g/ml, 25 % (mlm) Solution. 

4.11 Ammonia Solution (4.10) diluted 1 + 50. 

4.12 Hydrogen Peroxide, 30 % (mlm) Solution. 

4.13 Tin(ll) chloride dihydrate (SnC12~2H20), 100 g/l sol- 
ution. 

Dissolve 100 g of tin(ll) chloride dihydrate, while heating, in 
200 ml of hydrochloric acid (4.4) cool, dilute to 1 000 ml with 

2 

water, mix and add a small quantity of granular or mossy tin 
metal. 

Store the Solution in a brown glass bottle. 

4.14 MercuryUl) chloride (HgCI,), 50 g/l Solution. 

4.15 Potassium permanganate (KMnO&, 30 g/l solution. 

4.16 Potassium dichromate, Standard volumetric sol- 
utions. 

4.16.1 Solution A, c(K&r207) = 0,016 67 mol/l. 

Weigh 4,903 5 g of potassium dichromate, recrystallized and 
dried at 140 to 150 OC, into a 300 ml beaker and dissolve in 
100 ml of water. Transfer the Solution to a 1 000 ml volumetric 
flask, dilute to the mark and mix. 

1 ml of this Solution corresponds to 0,005 585 g of iron. 

4.16.2 Solution B, c(K&r207) = 0,008 33 mol/l. 

Weigh 2,451 7 g of potassium dichromate into a 300 ml beaker 
and dissolve in 100 ml of water. Transfer the Solution to a 
1 000 ml volumetric flask, dilute with water to the mark and 
mix. 

1 ml of this Solution corresponds to 0,002 792 g of iron. 

4.17 Iron, Standard Solution, corresponding to 558 g of Fe 
per litre. 

Place 558 g of metallic iron [purity 99,95 % (mlm)] in a 500 ml 
conical flask. Insert a small funnel into the neck of the flask. 

Add 110 ml sf the hydrochloric acid (4.5) in small portions and 
heat until the iron is dissolved. Cool the Solution and oxidize 
with 5 ml of hydrogen peroxide (4.12). Cool the Solution, 
transfer to a 1 000 ml one-mark volumetric flask, dilute to the 
mark with water and mix. 

1 ml of this Standard Solution corresponds to 1 ml of potassium 
dichromate Standard volumetric Solution A. 

4.18 Sodium diphenylaminesulfonate indicator 
(C12H1003NSNa), 0,8 g/l. 

5 Apparatus 

Ordinary laboratory apparatus, and 

Platinum or suitable platinum alloy crucible. 

6 Sampling and samples 

For the sampling of manganese ores, see ISO 4296/1. For the 
preparation of samples, see ISO 4296/2. 
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ISO7990-1985(E) 

7 Procedure 

7.1 Test Portion 

Weigh a mass of the test Sample Chosen from table 1 in ac- 
cordante with the expected total iron content. 

Table 1 

1 1 Mass of ,gt Portion 

From 1,O to 10,O 

From IO,0 to 25,0 

place the platinum crucible in a 100 ml beaker and leach the 
melt in 25 to 30 ml of hydrochloric acid (4.6). Remove the 
crucible and the lid from the beaker and rinse it with water. 

Add 1 or 2 drops of hydrogen peroxide (4.12) to the Solution 
while mixing, dilute with water to 50 ml and add ammonia sol- 
ution (4.10) until the ammoniacal smell persists. Heat the sol- 
ution to boiling and allow to stand for 10 min in a warm place. 
After the precipitate has settled, filter on a rapid Paper and 
wash four or five times with hot ammonia Solution (4.11). 
Qiscard the filtrate. Dissolve the precipitate on the filter with 
10 ml of hydrochloric acid (4.51, using small portions. Wash the 
filter four or five times with hot hydrochloric acid (4.7) and four 
or five times with hot water. Add the Solution obtained to the 
main Solution and evaporate to 25 or 30 ml. 

7.4 Reduction 
7.2 Blank test 

Carry out a blank test in parallel with the determination, by the 
same procedure, but using 1 ml of iron Standard solution (4.17) 
instead of the test Portion. 

7.3 Decomposition of test Portion 

7.3.1 For ores which are easy to decompose 

Place the test Portion (7.1) in a 500 ml conical flask, 
with water, an d add 1 5 ml of hydrochloric acid (4.4). 

moisten 

Cover the flask with a watch-glass and heat the Solution gently 
without boiling, swirling from time to time to decompose the 
ore. Proceed according to 7.4. 

7.3.2 For ores which are difficult to decompose 

Place the test Portion (7.1) in a 300 ml beaker, moisten with 
water, and add 0,5 g of sodium fluoride (4.2) and 15 ml of 
hydrochloric acid (4.4). 

Cover the beaker with a watch-glass and heat to just below the 
boiling Point to decompose the ore. Proceed according to 7.4. 

In case of incomplete decomposition of the ore, place the test 
portion (7.1) in a 300 ml beaker, moisten with water, and add 
15 ml of hydrochloric acid (4.4). 

Cover the beaker with a watch-glass and heat to just below the 
boiling Point to decompose the base mass of the test Portion. 
Add 30 to 40 ml of hot hydrochloric acid (4.7) and filter the 
insoluble residue on a medium texture filter Paper with a small 
quantity of Paper pulp. Wash the residue four or five times with 
hydrochloric acid (4.7) and four or five times with warm water. 
Collect the filtrate and washings in a 500 ml conical flask and 
reserve as the main Solution. 

Place the filter containing the residue in a platinum crucible, 
dry, ash and ignite at 600 to 700 OC until the carbonaceous 
matter is removed. After cooling, moisten the residue with 
water, add 3 or 4 drops of sulfuric acid (4.8) and 5 to 6 ml of 
hydrofluoric acid (4.3) and evaporate until the fuming of 
sulfuric acid ceases. Add 2 g of potassium disulfate (4.1) to 
the residue, cover the crucible with a lid and fuse at 600 to 
700 OC until a clear melt is obtained. Allow the melt to cool, 

7.4.1 For ores 
vana dium 

containing less than 0,02 % (mlm) 

Heat the solution obtained to 90 to 100 OC, wash the wallsof 
the flask with hot hydrochloric acid (4.7) immediately, add 
tin(ll) chloride Solution (4.13), while swirling, until the Solution 
becomes colourless and then add 1 or 2 drops of the tin(ll) 
chloride Solution in excess. 

Wash the Walls of the flask with hot water, swirl the Solution, 
then cool in a water cooler. When the Solution has reached 
ambient temperature, add 5 ml of the mercury(II) chloride sol- 
ution (4.14). A small quantity of a white precipitate of 
mercury(I) chloride should appear. If there is no precipitate or if 
there is too much of it and it has a dark colour owing to the 
presence of metallic mercury, repeat the analysis. 

7.4.2 For ores containing more than 0,02 % (mlm) 
vanadium 

Nute the Solution obtained in 7.3 to 100 ml with water, heat to 
90 to 100 OC, add tin(ll) chloride Solution (4.13), while swirling, 
until the Solution becomes colourless and then add 0,5 ml of 
the tin(ll) chloride Solution in excess. 

Add potassium permanganate Solution (4.15) drop by drop, 
while swirling, until the colour of the Solution becomes stable 
yellow and then again add tin(ll) chloride Solution (4.13) drop 
by drop, while swirling, until the yellow colour of the Solution 
has disappeared. Then add one or two drops of the tin(ll) 
chloride Solution in excess. 

Wash the Walls of the flask with water, cool in a water cooler 
and add 5 ml of mercury(II) chloride Solution (4.14). A small 
quantity of a white precipitate of mercury(l) chloride should 
appear. IO there is no precipitate or if there is too much of it and 
it has a dark colour owing to the presence of metallic mercury, 
repeat the analysis. 

7.5 Titration 

Allow the Solution obtained in 7.4 to stand for about 5 min, 
dilute with water to 200 ml, add to the Solution 25 ml of the 
sulfuric acid-orthophosphoric acid mixture (4.9) and 2 ml of the 
sodium diphenylaminesulfonate indicator (4.18). Mix and im- 
mediately titrate with potassium dichromate Solution (4.16). 
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ISO 7990-1985 (EI 

The end-point is reached when the green colour of the Solution 
changes to purple-blue. 

For ores containing less than 5 % (mlm) of total iron, use 
potassium dichromate Standard volumetric Solution B (4.16.2) 
for titration; for ores containing more than 5 % (mlm) of total 
iron, use potassium dichromate Standard volumetric Solution A 
(4.16.1). 

8 Expression of results 

8.1 Calculation 

The total iron content, WFe (%), expressed as a percentage by 
mass, is given by the equation 

WFe (%) = 
QW, - V$ x 100 

XK 
m 

where 

Q is the titre of the potassium dichromate Standard 
volumetric Solution, expressed in grams of iron per 
millilitre (sec 4.16); 

VI is the volume, in millilitres, of potassium dichromate 
Standard volumetric Solution used for titration of the 
test Solution; 

V2 is the volume, in millilitres, of potassium dichromate 
Standard volumetric Solution used for titration of the 
blank Solution (deducting the volume of potassium 
dichromate Standard volumetric Solution A or B cor- 
responding to 1 ml of iron Standard Solution); 

m is the mass, in grams, of the test Portion; 

K is the conversion factor for the expression of the total 
iron content on the dry basis. 

8.2 Permissible tolerantes on results of parallel 
determinations 

Table 2 

Total iron content -1 

I % bnlm) I % (mlm) % 0~ 
From 1,0 to 2,5 0,lO o,m 
From 2,5 to 5,0 0,15 0,12 

From 5,0 to 10,O 0,25 0,20 

From IO,0 to 25,0 0,35 1 0,30 
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ISO 7990-1985 (E) 

Section two: Method B - Sulfosalicylic acid spectrophotometric method 

9 Principle 

In the case of ores which are easy to decompose, decompo- 
sition of a test Portion by treatment with hydrochloric acid. 

In the case of ores which are difficult to decompose, decompo- 
sition of a test portion either by treatment with hydrochloric 
acid in the presence of sodium fluoride, or by treatment with 
hydrochloric acid; Separation of the residue, fusion with 
potassium disulfate, extraction of the melt with hydrochloric 
acid and combination with the main Solution. 

Spectrophotometric determination in the presence of 
sulfosalicylic acid and hydroxylammonium chloride at about 
430 nm. 

10 Reactions 

The method is based on the interaction of iron with 
sulfosalicylic acid in alkaline Solution (PH 8 to 12) with the for- 
mation of a coloured complex. The influence of manganese is 
eliminated by hydroxylammonium chloride. 

c4 

11 Reagents 

11.1 Sodium fluoride (NaFL 

11.2 Potassium disulfate ( K2S207). 

11.3 Hydrofluoric acid, ~p 1,14 g/ml. 

11.4 Hydrochlorit acid, Q 1,19 g/ml. 

11.5 Hydrochlorit acid (11.41, diluted 1 + 4. 

11.6 Hydrochlorit acid (11.4), diluted 1 + 50. 

11.7 Sulfuric acid, Q 1,84 g/ml, diluted 1 + 1. 

11.8 Ammonia Solution, Q 0,91 g/ml, diluted 1 + 1. 

11.9 

11.10 

Hydroxylammonium chloride, 100 g/l Solution. 

Sulfosalicylic acid dihydrate (C,H&S 9 2H,O), 
100 g/l Solution. 

11 .ll Iran, Standard solutions. 

ll.ll.l Solution A, corresponding to 0,100 0 g of Fe per 
litre. 

Weigh 0,100 0 g of metallic iron [purity 99,95 % (mlm)l and 
dissolve in 50 ml of nitric acid (diluted 1 + 3). 

Heat the Solution until it is free from nitrogen oxides. Cool the 
Solution, transfer to a 1 000 ml volumetric flask, dilute with 
water to the mark and mix. 

1 ml of this Standard Solution contains 0,l 000 mg of Fe. 

11.11.2 Solution B, corresponding to 0,010 0 g of Fe per 
litre. 

Pipette 10 ml of iron Standard Solution A (11-11.1) into a 100 ml 
volumetric flask, dilute with water to the mark and mix. 

1 ml of this Standard Solution contains 0,010 0 mg of Fe. 

12 Apparatus 

Usual laboratory apparatus and 

12.1 Platinum or suitable platinum alloy crucible. 

12.2 Spectrophotometer, with selectors for continuous or 
discontinuous Variation, capable of measuring absorbance at 
430 nm. 

13 Sampling and samples 

For the sampling of manganese ores, see ISO 4296/1. For the 
preparation of samples, see ISO 4296/2. 

14 Procedure 

14.1 Test Portion 

Weigh 0,2 g of the test Sample. 

14.2 Preparation of test Solution 

14.2.1 For ores which are easy to decompose 

Place the test Portion (14.1) in a 100 ml beaker, moisten with 
water and dissolve in 5 ml of hydrochloric acid (11.4). Add 30 
to 40 ml of hot hydrochloric acid (11.6) to the Solution, and 
filter through a medium texture filter Paper with a small quan- 
tity of Paper pulp. Wash the filter four or five times with 
hydrochloric acid (11.6) and four or five times with hot water. 
Discard the filter. Proceed according to 14.2.3. 

14.2.2 For ores which are difficult to decompose 

Place the test Portion (14.1) in a 100 ml beaker, moisten with 
water, add 0,5 g of sodium fluoride (11.1) and dissolve in 5 ml 
of hydrochloric acid (11.4) to decompose the ore. Add 30 to 
40 ml of hot hydrochloric acid (11.6) to the Solution, and filter 
through a medium texture filter Paper with a small quantity of 
Paper pulp. Wash the filter four or five times with hydrochloric 
acid (11.6) and four or five times with hot water. Discard the 
filter. Proceed according to 14.2.3. 
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