QH“y) Designation: E 246 — 01

Standard Test Methods for
Determination of Iron in Iron Ores and Related Materials by
Dichromate Titration 1

This standard is issued under the fixed designation E 246; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilone] indicates an editorial change since the last revision or reapproval.

1. Scope 3. Significance and Use

1.1 These test methods cover the determination of total iron 3.1 The determination of the total iron content is the
in iron ores, concentrates, and agglomerates in the concentrprimary means for establishing the commercial value of iron

tion range 30 to 95 % iron. ores used in international trade.
1.2 The test methods in this standard are contained in the 3.2 These test methods are intended as referee methods for
sections indicated as follows: the determination of iron in iron ores. It is assumed that all who
Test Method A4on by the Hydrogen Sulfide Reduction use these methods will be trained analysts capable of perform-
Dichromate Titration Method (30 to 75 % Fe) ing common laboratory procedures skillfully and safely. It is
Test Method B-+on by the Stannous Chloride Reduction expected that work will be performed in a properly equipped
Dichromate Titration Method (35 to 95 % Fe) laboratory and that proper waste disposal procedures will be
Test Method C+on by the Silver Reduction Dichromate followed. Appropriate quality control practices must be fol-
Titration Method (35 to 95 % Fe) lowed, such as those described in Guide E 882.

1.3 This standard does not purport to address all of the )
safety concerns, if any, associated with its use. It is thé* Apparatus, Reagents, and Instrumental Practices
responsibility of the user of this standard to establish appro- 4.1 Apparatus—Specialized apparatus requirements are
priate safety and health practices and determine the applicaksted in the “Apparatus” Section in each test method.
bility of regulatory limitations prior to useSpecific hazards 4.2 Reagents
statements are given in Section 5 and in special “Warning” 4.2.1 Purity of Reagents-Unless otherwise indicated, all

paragraphs throughout these test methods. reagents used in these test methods shall conform to the reagent
grade specifications of the American Chemical Soci&yher
2. Referenced Documents grades may be used provided it is first ascertained that they are
2.1 ASTM Standards: of sufficient purity to permit their use without adversely
D 1193 Specification for Reagent Water affecting the expected performance of the determination, as

E 50 Practices for Apparatus, Reagents, and Safety Consithdicated in the “Precision and Bias” Section. Reagent water
erations for the Chemical Analysis of Metals, Ores, andshall conform to Type Il as described in Specification D 1193.
Related Materiafs

E 276 Test Methods for Particle Size or Screen Analysis ap: Hazards
No. 4 (4.75-mm) Sieve and Finer for Metal-Bearing Ores 5.1 For precautions to be observed in the use of certain
and Related Materials reagents and equipment in this test method refer to Practices

E 877 Practice for Sampling and Sample Preparation of Irorc 50.

Ores and Related Materidls _ _
E 882 Guide for Accountability and Quality Control in the & Sampling and Sample Preparation
Chemical Analysis Laboratofy 6.1 Collect and prepare the test sample in accordance with
Practice E 877.
6.2 The test sample shall be pulverized to pass a No. 100
(150-pm) sieve in accordance with Test Method E 276. To
1 These test methods are under the jurisdiction of ASTM Committee EO1 on

Analytical Chemistry for Metals, Ores, and Related Materials and are the direct————————
responsibility of Subcommittee E01.02 on Ores, Concentrates, and Related Metal- * Reagent Chemicals, American Chemical Society Specificatidmerican

lurgical Materials. Chemical Society, Washington, DC. For suggestions on the testing of reagents not
Current edition approved May 10, 2001. Published July 2001. Originally listed by the American Chemical Society, sAealar Standards for Laboratory
published as E 246 — 64T. Last previous edition E 246 — 95. Chemicals BDH Ltd., Poole, Dorset, U.K., and thénited States Pharmacopeia
2 Annual Book of ASTM Standardgol 11.01. and National FormularyU.S. Pharmacopeial Convention, Inc. (USPC), Rockville,
2 Annual Book of ASTM Standardgol 03.05. MD.
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facilitate decomposition some ores, such as specular hematityice by recrystallizing from water, drying at 110°C, pulver-
require grinding to pass a No. 200 (75-um) sieve. izing in an agate mortar, and drying at 180°C to constant
weight. The titer of this solution shall be confirmed by means

TEST METHOD A—IRON BY THE HYDROGEN of standard sample similar in type and composition to the test

SULFIDE REDUCTION DICHROMATE TITRATION sample.
METHOD 11.3 Potassium Permanganate Soluti(#b g/L)—Dissolve
7. Scope 25 g of potassium permanganate (KMp@ water and dilute

tollL.
7.1 This test method covers the determination of total iron 11 4 Sodium Diphenylamine Sulfonate Indicator Solutien
in iron ores, concentrates, and agglomerates in the concentrgissolve 0.3 g of sodium diphenylamine sulfonate in 100 mL
tion range from 30 to 75 %. of water. Store in a dark-colored bottle.
11.5 Sodium Pyrosulfat€Na,S,05).
8. Summary of Test_Met_hod ) ) _ 11.6 Sulfuric Acid-Hydrogen Sulfide Wash SolutieAdd
8.1 The sample is dissolved in hydrochloric acid. Theog mL of concentrated sulfuric acid (80O, sp gr 1.84) to 900

for the recovery of iron, and added to the main solution. To thiprough it for at least 10 min.

solution containing all of the iron, sulfuric acid is added and
the solution evaporated to fumes to expel chlorides. The salljsz' Procedure

are dissolved in water, the solution heated to boiling, and the 12.1 Transfer approximately 0.50 g of the test specimen to
iron reduced by a rapid stream of hydrogen sulfide. Thed small weighing bottle previously dried at about 105°C. Dry
precipitated sulfides are filtered and washed with an acidthe bottle and contentsifd h at 105 to 10°C (Note 1). Cap
sulfide wash solution until free of iron. The filtrate is then the bottle and cool to room temperature in a desiccator.
boiled to expel the hydrogen sulfide, cooled, and titrated wittMomentarily release the cap to equalize the pressure and weigh
potassium dichromate solution, using sodium diphenylaminéhe capped bottle and sample to the nearest 0.1 mg. Repeat the

sulfonate as the indicator. drying and weighing until there is no further weight loss.
Transfer the test specimen to a 250-mL beaker and reweigh the
9. Interferences capped bottle to the nearest 0.1 mg. The difference between the

9.1 None of the elements normally found in iron orestwo weights is the weight of the sample taken for analysis.
interfere with this test method. These include vanadium, nore 1—Most ores yield their hygroscopic moisture at this tempera-
copper, and small amounts of molybdenum, which occasionwre. If a drying temperature other than that specified is required, this shall
ally occur in iron ores. be determined by mutual agreement between manufacturer and purchaser.

12.2 Decomposition of the SampleMoisten the sample
10. Apparatus with a few millilitres of water and add 25 mL of HCI. Cover the

10.1 Hydrogen Sulfide GeneraterHydrogen sulfide shall beaker and heat, maintaining a temperature below boiling until
be obtained from a cylinder of the compressed gas or from gnost of the dark particles are dissolved and no further attack is
Kipp generator. A consistent flow of 1 L/min shall be main- apparent. Add 5 mL of HN@and digest for another 15 min.
tained and the gas passed through a water trap to remove aRe¢move from the source of heat, wash the sides and cover of
salts. the beaker, and dilute to 50 mL with warm water. Filter the

10.1.1 Warning—Hydrogen sulfide is extremely toxic. All insoluble residue on a fine-texture paper. Wash the residue with
procedures involving its use must be performed in an efficientvarm HCI (1 + 50) until the yellow color of ferric chloride is
fume hood. Refer to paragraph 7.5.7 in Practices E 50. no longer observed and then with warm water six to eight

10.2 Crucibles platinum, 25-mL capacity. times. Collect the filtrate and washings in a 600-mL beaker and

, reserve as the main solution (Note 2). Place the paper and
11. Reagents and Materials residue in a platinum crucible. Char the paper at a low

11.1 Ferrous Ammonium Sulfate Solutiqapproximately  temperature, then ignite at 950°C. Allow the crucible to cool,
0.10 N)—Dissolve 40 g of ferrous ammonium sulfate moisten the residue withJ$0, (1 + 1), add about 5 mL of HF,
(FeSQ-(NH,),S0,-6H,0) in sulfuric acid (1 +19). Transfer to and heat gently to remove silica and$0, (Note 3). Cool the
a 1-L flask and dilute to volume with the same acid. When thecrucible, ad 3 g of NgS,0,, and heat until a clear melt is
sample solution is ready for titration, standardize theobtained. Cool, place the crucible in a 250-mL beaker, add
FeSQ:(NH,),S0O,-6H,0 solution against the standard potas-about 25 mL of water and 5 mL of HCI, and warm to dissolve
sium dichromate (0.100M), as described in 12.5. Calculate the the melt. Rinse and remove the crucible. Add the solution and
millilitres of standard potassium dichromate equivalent to lwashings to the main solution.

mL. of the FeSQ (NH,);SO,-6H,0 solution. NoTe 2—If the residue is small in amount and perfectly white, the

11.2 Potassium DIChroma.te’ Standard Solutig¢n.1000 . filtration, and treatment of the residue may be omﬁted Wit):lout ca’ausing
N)—Transfer 4.9031 g of primary standard grade potassiundynificant error.
dichromate (KCr,O-); previously ground in an agate mortar, Nore 3—The treatment of the residue depends upon the nature of the
and dried at 105 to 110°C, to a 1-L volumetric flask. Dissolveminerals present. Many ores require only agSB),-HF treatment to
in water and dilute to 1 L. If preferred, this solution may be decompose the residue
prepared from reagent grade,&,0O,, by purifying the salt 12.3 Reductior—To the combined solution add 10 mL of
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H,SO, (1 + 1) and evaporate to copious fumes of;.3Qote 4).  13.

Calculation

Cool, dilute to approximately 100 mL with water, and heatto 131 Calculate the percentage of iron as follows:

boiling. Add dropwise KMnQ solution until the permanganate
color persists. Dilute the solution to 250 mL and again heat to

iron, %= [(A — B) X C/D] X 100 Q)

boiling for several minutes. Remove from the source of heatyhere:

and pass a rapid stream of$ithrough the solution for 15 min.
Warning: Hydrogen sulfide is extremely toxic. All procedures
involving its use must be performed in an efficient fume hood. B
Refer to paragraph 7.57 in Practices E 50. Digest at 60°C for
15 min and filter through a medium-texture paper, collecting C
the filtrate in a 500-mL Erlenmeyer flask. Wash the precipitatedD
sulfides thoroughly with the }$0,—H,S wash solution. Add

A

millilitres of K,Cr,O, required for titration of the
sample,

millilitres of K,Cr,O, required for titration of the
blank,

iron equivalent of the KCr,O,, g/mL, and

grams of sample used.

Precision and Bias

10 mL of H,SO, (1 + 1) to the solution in the flask and add 14
glass beads to prevent bumping. Boil for 10 min to exps$ H 14.1 Precision—From six to nine laboratories analyzed four
(lead acetate test paper) and continue boiling for an additionaton ore samples to determine iron. The replication made by the
10 min (Note 5). Remove from the source of heat, cover thelifferent laboratories ranged from 2 to 4, averaging 3 repli-
flask with a small watch glass, and cool in running water tocates. The data was studied by the interlaboratory test proce-
20°C. dure of Practice E 691-87 modified by weighting certain sums
Note 4—If the sample contains much calcium, prolonged fuming with to accommodate the unequal rephcat?oﬁable 1 ShQV\(S a
H,SO, may lead to the formation of salts that are dificult to dissolve. SUMMary of these results. From pooled standard deviations, the
Therefore, in the presence of considerable calcium, fume just long enougbverall between-laboratory reproducibility coefficieR, was
to expel the chlorides and nitrates. Cool, wash the sides of the beaker wittalculated as being 0.38.
water, and again evaporate to light fumes. 14.2 The agreement of the determination of iron in the NBS
Note 5—If the sample contains an appreciable amount of molybde-Standard Reference Material with the certified value shows no

num, further precipitation may occur in the filtrate when boiling out the a\idence of bias. well within a 95 % confidence level
H,S. The effect of residual molybdenum is not significant and may be(R =0 24) '
2 - . .

neglected.

12.4 Titration—Add to the cooled solution 5 mL of }0O,
and 5 drops of the sodium diphenylamine sulfonate indicator
solution. Dilute to 350 mL and titrate with the standard
K,Cr,0, solution to a distinct purple end point.

12.5 Determination of Blank-Determine the blank value of 15. Scope
the reagents concurrently with the test determination, using the 15.1 This test method covers the determination of total iron
same amount of all reagents and following all the steps of thén iron ores, concentrates, and agglomerates in the concentra-
procedure. Immediately before titrating with the,®,0; tion range from 35 to 95 %.
solution add 1.0 mL, accurately measured, of the
FeSQ-(NH,),SO,-6H,0 solution. In another beaker place 350 16. Summary of Test Method
mL of cold H,SO, (1 + 9) and add an accurately measured 1 16.1 This test method provides two alternative dissolution
mL of the FeSQ-(NH,),S0O,-6H,0 solution. Add 5 mL of  procedures.
H3PO, and 5 drops of the sodium diphenylamine sulfonate 162 Acid Decompositior-The sample is dissolved in hy-

indicator solution and fitrate with the JKr,O; solution.  drochloric acid. The insoluble residue is removed by filtration,
Record this titration and subtract from the titration of the blankignited, treated for the recovery of iron, and added to the main

solution to obtain the corrected blank. solution.

TEST METHOD B—IRON BY THE STANNOUS
CHLORIDE REDUCTION DICHROMATE
TITRATION METHOD

Note 6—In the absence of iron, the diphenylamine sulfonate indicator
does not react with the JCr,O, solution. The addition of the
FeSQ-(NH,),SO,-6H,0 is, therefore, necessary to promote indicator  ssypporting data giving the results of cooperative testing are available from
response in the blank solution. A correction must be made in terms of itaSTM Headquarters. Request RR:E16-63, dated April 23, 1968 with an amend-
equivalent in millilitres of K,Cr,O solution. ment, dated July 27, 1993.

TABLE 1 Precision Data

Repeatability Reproducibility

Sample Number pf Iron Found
Laboratories % s R, s R
" (2.8 s) R (2.8 sg)

Seine River Ore 9 57.52 0.125 0.35 0.126 0.35
Knob Lake Ore 9 58.45 0.097 0.27 0.136 0.38
NBS 27d (64.96 % Fe) 6 65.01 0.057 0.16 0.085 0.24
Chilean Iron Ore 9 66.11 0.102 0.29 0.172 0.48
Pooled standard deviations” 0.101 0.137

AWeighted by degrees of freedom, n for s, and (n - 1) for sg where n = number of laboratories.
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16.3 Decomposition by FusienrThe sample is fused with a the solution and dilute the water to 1 L. This solution should be
mixture of sodium carbonate and sodium peroxide. The melt istored in a brown glass bottle with the addition of a small
leached with water. For samples containing more than 0.1 % ajuantity of granular or mossy tin metal.
vanadium or molybdenum, or both, the solution is filtered and 19.11 Titanium (Ill) Chloride Solution(2 %)—Dissolve 1 g
the insoluble residue is dissolved in hydrochloric acid. Forof titanium sponge (99.5 % min. purity) in about 30 mL of
other samples the leachate is acidified with hydrochloric acidhydrochloric acid in a covered beaker by heating on a steam

16.4 Reduction of the Iror-Most of the iron is reduced bath. Cool the solution and dilute with water to 50 mL. Prepare
with stannous chloride, followed by the addition of a slight fresh as needed. (If preferred, dilute 1 volume of commercial
excess of titanium (11l) chloride solution. The excess titaniumtitanium (lll) chloride solution (about 15 % w/v) with 7
(1) is then oxidized in the hot solution with perchloric acid. volumes of hydrochloric acid (1+1)).

The solution is cooled and the reduced iron is titrated with %0. Procedure
standard potassium dichromate solution using sodium diphe-""

nylamine sulfonate as the visual endpoint indicator. Note 7—If the procedure is based on acid decomposition, use 20.1. If
the procedure is based on an alkaline fusion followed by the filtration of
17. Interferences the leached melt, (samples containing more than 0.1 % vanadium or

17.1 This test method covers the analysis of iron ore olybdenum, or both), use 20.2. If the procedure is based on an alkaline
: usion, followed by acidification of the leached melt (samples containing

containing less than 0.1 % copper. In the case of iron Or€Rss than 0.1% of molybdenum or vanadium, or both), use 20.3.

containing molybdenum or vanad.ium,' or both, these elem_em\ﬁlarning: Use proper safety practices and equipment when performing
are removed by water leach and filtration of the cooled sodiumgodium peroxide fusions.

carbonate/sodium peroxide fusion melt. Other elements nor- g 1 Acid Decomposition

mally found in iron ores do not interfere. 20.1.1 Weigh approximately 0.40 g of sample into a small
weighing bottle previously dried at about 105°C (Note 8). Dry
the bottle and contentsifd h at 105 to 10°C. Cap the bottle

and cool to room temperature in a desiccator. Momentarily
release the cap to equalize the pressure and weigh the capped
bottle and sample to the nearest 0.1 mg. Repeat the drying and
weighing until there is no further weight loss. Transfer the
19. Reagents samples to a 250-mL beaker and reweigh the capped bottle to
the nearest 0.1 mg. The difference between the two weights is
the weight of the sample taken for analysis.

18. Apparatus

18.1 Crucibles platinum, 25- to 30-mL capacity.

18.2 Crucibles zirconium, 25- to 30-mL capacity.

18.3 Weighing Spatulaof a nonmagnetic material or de-
magnetized stainless steel.

19.1 Iron (1) Ammonium Sulfat€approximately 0.N)—
Dissolve 40 g of iron () ammonium sulfate
[FeSQ,-(NH,),SO,-6H,0] in H,SO, (1+19). Transfer to a 1-L Note 8—For samples of iron content greater than 68 %, weigh approxi-
volumetric flask, dilute to volume with the same acid, and mix.mately 0.38 g.

Standardize against standard potassium dichromate solution20.1.2 Carry a reagent blank through all steps of the
using diphenylamine sulfonate as indicator. procedure.

19.2 Potassium Dichromate, Standard Soluti@®.1N)— 20.1.3 Add 30 mL of hydrochloric acid, cover the beaker
Pulverize abou 6 g of potassium dichromate @Cr,0,) with a watch glass, and heat the solution gently without boiling
reagent in an agate mortar, dry in an air-bath at 140°C for 3 taintil no further attack is apparent. Wash the watch glass and
4 h, and cool to room temperature in a desiccator. Dissolvelilute to 50 mL with warm water. Filter the insoluble residue
4.9031 g of the dry reagent in water and dilute the solution withon a close-texture paper. Wash the residue with warm hydro-
water to exactly 1 L in a volumetric flask. Record the chloric acid (1+50), until the yellow color or iron (lll) chloride

temperature at which this dilution was made. is no longer observed, then wash with warm water six to eight
19.3 Potassium Permanganate SolutigkMnO,), 25 g/L.  times. Collect the filtrate and washings in a 400-mL beaker.
19.4 Potassium Pyrosulfate Fine PowdéK,S,0,). Start to evaporate this solution.
19.5 Sodium Carbonate Anhydrous Powd@ta,CO). 20.1.4 Place the filter paper and residue in a platinum

19.6 Sodium Diphenylaminesulfonate SolutieBissolve  crucible, dry, and ignite at 750 to 800°C. Allow the crucible to
0.2 g of the reagent (EIsNCgH,-SO;Na) in water and dilute to  cool, moisten the residue with sulfuric acid (1+1), add about 5
100 mL. Store the solution in a brown glass bottle. mL of hydrofluoric acid, and heat gently to remove silica and

19.7 Sodium Hydroxide SolutioNaOH), 20 g/L. sulfuric acid. Add to the cold crucibl 2 g of potassium

19.8 Sodium PeroxidgNa,O,), dry powderWarning: Use  pyrosulfate, heat gently at first, then strongly until a clear melt
proper safety practices and equipment when performing sds obtained. Cool, place the crucible in a 250-mL beaker, add
dium peroxide fusions. about 25 mL of water and about 5 mL of hydrochloric acid, and

19.9 Sulfuric Phosphoric Acid Mixture-Pour 150 mL of warm to dissolve the melt. Remove and wash the crucible.
phosphoric acid (6.12) into about 400 mL of water. While 20.1.5 Adjust the solution to slight alkalinity with ammonia
stirring, add 150 mL of sulfuric acid (6.20). Cool in a water solution. Heat to coagulate the precipitate, filter on a coarse-
bath and dilute with water to 1 L. texture paper, and wash several times with hot water. Discard

19.10 Tin (1) Chloride Solution(100 g/L)—Dissolve 100 g the filtrate.
of crystalline tin (Il) chloride (SnGt2H,0) in 200 mL of 20.1.6 Place the beaker containing the main solution under
hydrochloric acid by heating the solution in a water bath. Cookhe funnel and dissolve the precipitate on the filter paper by
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pouring over it 10 mL of hot hydrochloric acid (1+2), wash the drop, while swirling the liquid in the beaker, until only a light
filter, first six to eight times with warm hydrochloric acid yellow color remains (Note 11).

(1+50), then twice with hot water. Evaporate the combined 20.4.2 Reduce the remaining iron (Ill) by adding titanium
filtrates at low heat to a volume of about 30 mL and continug(lll) chloride solution (2 %) until the yellow color has disap-

with 20.4. peared, then add an additional 3 to 5 drops. Wash the inside
20.2 Fusion Decomposition and Filtration of Leached Melt wall of the beaker with a small amount of water and heat to an
(Note 7): incipient boil. Remove from the source of heat and without

delay, add all at once 5 mL, dilute perchloric acid (35 %). Mix
well by swirling for 5 s. Dilute immediately with ice cold water
20.2.1 Dry the sample in accordance with 20.1.1 ando 200 mL. Cool rapidly to below 15°C and proceed immedi-
transfer to a zirconium crucible, add atboti g of a (1+2)  ately to 20.5.1.
mixture of sodium carbonate and sodium peroxide. Mix
thoroughly and place in a muffle furnace at 58010°C for 30
min. Remove from the furnace and heat over a burner untj
melted. Continue heating just above the melting point for 20.5 Titration:
approximately 1.5 min. Allow the melt to cool, place the : )

crucible in a 400-mL beaker, add about 100 mL of warm water h20.5r.]1 .TO thde C.Oltd solugot!:, ?dd '?hotthtOf ;ulgurictaciQ—
and heat to leach the melt. Remove the crucible and Wasfk?. osphoric acid mixture and ttrate wi € standard potassium

Reserve the crucible. Cool the solution and filter through ichromate solution, using five drops of the sodium dipheny-

filter paper of dense texture. Wash the paper six to eight timegminesulfonate solution as indicator. The end point iS. reached
with sodium hydroxide solution (20g/L) and discard the fiItrateWhen the green color Of the s_olutlon cha_nges to bluish green
and washings. and a final drop of the titrant imparts a violet color.

- ; - . 20.5.2 Note the ambient temperature of the potassium
20.2.2 Wash the precipitate into the original beaker with . . o .
water, add 10 mL of hydrochloric acid, and warm to diSSOIved|chromate solution. If this differs by more than 3°C from the

the precipitate. Dissolve the iron in the reserved crucible in ho{emperature at which it was prepared, make the appropriate

hydrochloric acid (1+1). Wash the crucible with hot hydrochlo_volumetrlc correction: 0.06 % relative to each 3°C of differ-

ric acid (1+10) and add to the main solution. Wash the filter®Mce:

paper three times with warm hydrochloric acid (1+2), several Nore 12—Example:The titer should be decreased when the ambient
times with warm hydrochloric acid (1+50), and finally with temperature during the titration is higher than the temperature during
warm water until the washings are no longer acid, adding th@reparation of the standard solution.

washings to the main solution. Evaporate with low heat to a 20.6 Blank Test-Determine the blank value of the reagents

Note 9—For blank determination, see 20.1.2.

Note 11—It is essential that some iron (Ill) is left unreduced by the
tannous chloride. If all the iron is inadvertently reduced, reoxidize a little
on with a drop of the permanganate solution.

volume of about 30 mL and continue with 20.4. concurrently with the test determination using the same
20.3 Fusion-Decomposition and Acidification of Leachedamounts of all reagents and following all the steps of the
Melt (Note 7): procedure. In the reduction step, omit the addition of tin (II)

chloride solution. Add only 3 to 5 drops of Ti (Ill) solution.

Immediately before titrating with the potassium dichromate
20.3.1 Dry the sample in accordance with 20.1.1 andsolution, add 1.0 mL of the iron (Il) ammonium sulfate solution

transfer to a zirconium crucible. Ad3 g of sodium peroxide and make the appropriate correction.

and mix thoroughly. Place the crucible in a muffle furnace at . . .

400°C. After 10 to 15 min remove from the furnace and heat Note 13—In the absence of iron (II) the diphenylaminesulfonate

b to th i int. E irlina th ibl indicator does not react with dichromate solution. The addition of iron (I1)
over a burner 1o the melting point. Fuse, swirling the Crucibl€ ;mmonjum sulfate therefore is necessary to promote indicator response in

until the melt is cherry red and clear. the blank solution, and thus allows a suitable correction for the blank in
20.3.2 Allow the melt to cool and place in a 400-mL beaker.terms of its equivalent in millilitres of the standard dichromate solution.

Add about 10 mL of water to the crucible and cover the beaker .

immediately with a watch glass. After the reaction has ceasedl- Calculation

empty the contents of the crucible into the beaker and wash the 21.1 Calculate the iron content as follows:

crucible with about 20 mL of water. Add 20 mL of hydrochloric Iron, % (m/m) = (V; — V,)/m X 0.0055847x 100 )

acid to the crucible and transfer to the beaker and rinse the

crucible with water. Boil the solution for 2 to 3 min. Rinse the where:

watch glass and the sides of the beaker with water. The volum&/s = Volume of potassium dichromate standard solution

Note 10—For blank determination, see 20.1.2.

of the solution should be between 40 and 50 mL. Continue with used for the titration of the analytical sample, mL,
20.4. V, = volume of potassium dichromate standard solution
20.4 Reduction used for the titration of the blank test, mL, and

20.4.1 Heat the solution to just below the boiling point and m = mass of the test portion, g.

add 3 to 5 drops of potassium permanganate solution (25g/LR2. Precision and Bias®

Maintain at this temperature for 5 min to oxidize any arsenic 22 1 Seven laboratories analyzed five iron ores of varying
and organic matter. Wash the cover and inside wall of the

beaker_ with a smgll amount c_)f hot hydrochlorlc acid (1+10). ° Supporting data are available from ASTM Headquarters. Request RR:E16-
Immediately add tin (ll) chloride solution (100g/L), drop by 100s.
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composition by this test method. The results are summarized @&2.2 by this test method with the results obtained on the same

follows: samples by two other test methods. These test methods have
Sample Standard or Assumed Average Fe Content been accepted in the meantime as ISO Standards.
Designation Fe Content, % Reported Relative, %
Method and Year of Sample of the
USS QCM-3 65.29 65.195 International Test No. 95 % Confidence Interval Mean
NBS-27d 64.96 64.949
BCS-302 35.51 35.491 Test Method E 1028
632-1 60.78 60.774 WG-23A 1983 76-17 67.115 67.1816 67.2467 100
NBS-691 90.8 90.854 TiCl, reduction 67.0440 67.1076 67.1712 99.89
Repeatability Reproducibility WG-16B 1982
Sample Standard Standard Ag reduction 67.0395 67.0836 67.1277 99.85
Designation Deviation, R, Deviation, R, WG-17B 1982
WG-23A 1983 81-2 59.5310 59.5675 59.6039 100.00
USS QCM-3 0.117 0.330 0.104 0.441 WG-16B 1982 59.5664 59.6058 59.6453 100.06
NBS-27d 0.109 0.309 0.110 0.438 WG-17B 1982 59.5773 59.6128 59.6483 100.08
BCS-302 0.132 0.373 0.149 0.563 WG-23A 76-12 60.6385 60.6683 60.6982 100.00
632-1 0.094 0.266 0.076 0.342 WG-16B 60.6226 60.6738 60.7249 100.01
NBS-691 0.195 0.552 0.127 0.658 WG-17B 60.6022 60.6477 60.6932 99.97
22.2 Thirty-four laboratories from ten countries including TEST METHOD C—IRON BY THE SILVER

four laboratories in the United States, participated in a concur-REDUCTION DICHROMATE TITRATION METHOD

rent testing program of this test method, under the auspices of

WG-23A if ISO Committee TC-102/SC2 using 5 samples of23. Scope

varying compositions. A summary of the statistical data are 23.1 This test method covers the determination of total iron

given as follows: in iron ores, concentrates, and agglomerates in the concentra-
Sample Mean (X) Repeatability tion range from 35 to 95 %.
1 67.1816 0.2196 24. Summary of Test Method
2 66.7471 0.1699 ) N o )
3 60.6684 0.2831 24.1 Acid Decomposition-The test sample is dissolved in
4 59.5675 0.1942 hydrochloric acid. The insoluble residue is removed by filtra-
5 45.8620 0.1739 T ; .
Permissible tion, ignited, treated for recovery of iron, and added to the main
Sample Tolerance Sigma-R Sigma-L solution.
24.2 Decomposition of FusierThe test sample is fused
: P Pt Py with sodium peroxide or sintered with sodium peroxide at
3 0.2680 0.10004 0.06297 400°C, and fused over a burner. The melt is leached with water
4 0.2983 0.06860 0.09357 and acidified with hydrochloric acid.
5 0.3167 0.06145 0.10313 24.3 Reduction of Iror-The test sample is passed through
22.3 The regression equations are as follows: a silver reductor. After addition of sulfuric acid-phosphoric
Correlation Coefficient _acid _mixture ar_1d diphen_ylar_nine sulfonate indicator, the total
iron is determined by titration with a standard solution of
R = 0.0012 X + 0.1348 0.2276 H H
P = 0.0039 X + 0.1019 0.3548 potassium dichromate.
Sigma R = 0.0004 X + 0.0476 0.2277
SigmaL = 0.0013 X + 0.0250 0.2935 25. Interferences

22 4 Absence of Bias 25._1 .ThIS test metho(:j covers the analysis of iron ores
22.4.1 The cooperative ASTM program, examined for pre_conta(tjlmng less thflm ]9.1 gpopper. Othedr eIeants,fpartlcularIy
oo ' vanadium, normally found in iron ores do not interfere.
cision, included two NBS and one BCS Standards. The average y
iron results obtained in the cooperative test program an@e. Apparatus

reported in 22.1 agree within narrow limits with the assigned 26.1 Silver Reductar

iron content of the certified reference samples as is indicated aSy61.1 Preparation of Silver ReducterUse a glass column

follows: (2 cm in diameter and 25 cm in length) fitted with a stopcock
Fe Content Found Fe Content and a reservoir cup (about 100 mL in capacity, 4 cm in
in Test Program Assigned Value . K
diameter, and 9 cm in length).
NBS 27d 64.949 64.96 26.1.1.1 Place glass woeéry lightlyabove the stopper. Fill
vodinss oo e column with HCI (1+11). Place silver powder into a 150-mL

beaker. Add HCI (1+11) and transfer the silver powder into the
22.4.2 The deviation of the test results from the assignedolumn using HCI (1+11), avoiding the entrapment of air. Pass
iron content of the reference samples is significantly smalleabout 100 mL of HCI (1+11) through the column.
'than theR, andR, precision figures. This test method therefore Nore 14— Care must be taken not to let the column dry. Always
is shown to be free from any measurable bias. maintain about 1 mL of HCI (1+11) above the silver powder.
22.4.3 Further evidence for the absence of any measurablenore 15—The height of silver in the column is about 17 cm and is
bias is provided by a comparison of the ISO results reported iadequate for about 18 samples prior to regeneration. The flow rate is from
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35 to 40 mL/min. Alternatively silver can be prepared by reducing silverproper safety practices and equipment when performing sodium peroxide
nitrate with zinc as follows: Dissolve 50 g of AgQNGn 400 mL of water ~ fusions.

in a 600-mL beaker. Add 10 mL of HNQPIace two zinc metal rods, 15

cm in length, crosswise and lea h orovernight. Wash the precipitated 28. Procedure

silver thoroughly by decantation using,$0, (1+99). A glass column (2 28.1 Acid Decomposition

cm in diameter and 15 cm in length) fitted with a stopcock and reservc_:ir 28.1.1 Weigh approximately 0.3 g of prepared sample into a
cup (about 100 mL in capacity, 4 cm in diameter, and 9 cm in length) is mall weighing bottle previously dried at about 105°C. Dry the

used. Pack glass wool lightly above the stopper. Transfer the washed, o
precipitated silver into the column using,$0,(1+99) and avoiding any ottle and contents fdl h at 105 to 10°C. Cap the bottle and

trapped air. Wash the column with HCI (1+99) several times (150 mL arec00l to room temperature in a desiccator. Momentarily release
sufficient) at a flow rate of 30 to 35 mL/min. (Length of the silver column the cap to equalize the pressure and weigh the capped bottle
is about 9 cm.) The silver reductor is now ready. Always maintain abouand sample to the nearest 0.1 mg. Repeat the drying and
1 mL of HCI (1+11) above the column. weighing until there is no further weight loss. Transfer the test

26.1.2 Regeneration of Silver ReductetVith the passage sample to a 250-mL beaker and reweigh the capped bottle to
of iron (lIl) the silver in the reductor darkens at the very top, the nearest 0.1 mg. The difference between the two weights is
forming a greyish ring which extends down. When this ringthe weight of the test sample taken for analysis.
extends down to about 10 cm, the column should be regener- 28.1.2 Add 20 mL of HCI, cover the beaker with a watch
ated as follows: Drain the solution (leaving about 1 cm on theglass, and heat the solution gently without boiling, to decom-
top and wash with 150 mL of $$0,(1+99). Finally keep the pose the ore. Wash the watch glass with a jet of water and
level of H,SO,(1+99) in the column about 1 cm above the dilute to 50 mL with warm water. Filter the insoluble residue
silver. Gently rest two zinc rods in contact with the silver in theon a close texture paper. Wash the residue with warm HCI
column. Leave overnight. The dark color changes to silvery(1+50), until the yellow color of iron (Ill) chloride is no longer
white indicating complete regeneration to metallic silver. observed. Then wash with warm water six to eight times.

. Collect the filtrate and washings in a 400-mL beaker.

Note 16—Passing 50 mL of k80,(1+99) through the column accel- . . . .
erates the regenereﬂion. Then vb\fals# the c)olumngseveral times by passin 28_'1'3 Place the _fllter paper ando residue in a pl_atlnum
HCI (1+11). The column is ready for re-use. The regeneration can also befucible, dry, and ignite at 750 to 800°C. Allow the crucible to
done by emptying the contents into a beaker, placing zinc-rods an§00l, moisten the residue with,80,(1+1), add about 5 mL of
repacking as in Note 15. HF, and heat gently to remove silica and sulfuric acid. Add to

Note 17—If the flow is slow, remove the silver and the glass wool from the cold crucibé 2 g of K,S,0,, heat gently at first then
the column and repack as in 26.1.1. Ensure that the new glass wool §trongly until a clear melt is obtained. Cool, place the crucible

placed very lightly for restoring the flow rate at 30 to 35 mL/min. in a 250-mL beaker, add about 25 mL of water and about 5 mL
26.2 Weighing Spatuleof a nonmagnetic material or de- of HCI, and warm to dissolve the melt. Remove and wash the
magnetized stainless steel. crucible. Adjust the solution to a slight alkalinity with ammo-
26.3 Zirconium (Metal) Crucibles50 mL capacity. nia solution (NHOH). Heat to coagulate the precipitate, filter
26.4 Platinum Crucibles 25 mL capacity. on a coarse-texture paper, and wash several times with hot
. water. Discard the filtrate. Place the beaker containing the main
27. Reagents and Materials solution under the funnel and dissolve the precipitate on the
27.1 Potassium Dichromate, Standard Soluti@h1 N)— filter paper by pouring over it 5 mL of hot HCI (1+2) wash the

Pulverize abou 6 g of potassium dichromate gCr,O;) filter, first six to eight times with warm HCI (1+50) then twice
reagent in an agate mortar, dry in an air-bath at 140°C for 3 tevith hot water. Dilute to about 180 mL with water and follow
4 h, and cool to room temperature in a desiccator. Dissolvéhe procedure given under 28.3-28.5.
4.9031 g of the dry reagent in water and dilute the solution with 28.2 Fusion DecompositionNote 18§:

water to exactly 1 L in a volumetric flask. 28.2.1 Dry and weigh the test sample in accordance with
27.2 Potassium PyrosulfatéK ,S,0,) Fine Powder. 28.1.1 and transfer to a dry zirconium crucible containing 2 g
27.3 Silver Nitrate (AgNOy). of sodium peroxide. Mix the contents with a dry spatula.
27.4 Silver Powder—40 to 60 mesh is suitable. 28.2.1.1 Fuse over a Meker burner (low heat) swirling the
27.5 Sodium Diphenylaminesulfonate Solutié2 g/L)—  crucible until the melt is cherry red and clear. Remove the

Dissolve 0.2 g of the reagent {8sNCgH,-SO;Na) in water  crucible from the heat and swirl it until the melt solidifies on
and dilute to 100 mL. Store the solution in a brown glass bottlethe crucible wall.
27.6 Sodium Perc.)XIdE(NaZOZ) dry powderWarning: U.Se Note 19—In case of high humidity, place the crucible on a hot plate for
proper safety practices and equipment when performing sop; 0 15 min to dry the contents.
dium peroxide fU5_|0n5- ) S Note 20—If desired, place the crucible in a muffle furnace at 400°C
27.7 Sulfuric Acid Phosphoric Acid MixturePour 150 mL  (prior to fusion) for 10 to 15 min.
of phosphoric acid (5P0,) into about 400 mL of water. While 2 5 5 Ajlow the crucible to cool in air for 1 to 2 min and
stirring, add 150 mL of sulfuric acid ¢$0,). Cool in awater  pjace it in a dry 250-mL beaker. Add about 10 mL of water into

bath and dilute with waterto 1 L. the crucible, while covering the beaker with a watch glass.
27.8 Zinc Metal Rodsabout 8 mm in diameter and about ager effervescence has ceased, empty the crucible contents
150 mm in length. into the beaker and wash the crucible with 15 to 20 mL of

Note 18—If the procedure is based on acid decomposition, use steps iWater. Introduce 10 mL of HCI, via the crucible, into the beaker
28.1. If the procedure is based on fusion, use steps in B&afhing: Use  and rinse the crucible with water. Boil the solution in the
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beaker for 3 to 4 min. Wash the sides of the beaker and watch Fusion Decomposition Acid Decomposition

glass with water and continue boiling for about 30 s. Cool and r = 00012 X + 0.1484 r = -00032X + 0.3944

diute the solution to about 60 mL with water. A o S R e - f B
28.3 Place a 600-mL beaker under the silver reductor. Pass  sigmaL = 00034 X + 0.3208  sigmalL = - 0.0006 X + 0.1170

the solution through the silver reductor at a rate of 35 mL/min,

retaining about 1 cm over the silver top. Rinse the reservoir andVNere

column 2 to 3 times with HCI (1+11) and drain the rinsings.

= the iron content in percenim{n), of the test

. . . sample,
Fmally pass 150 mL of hydrochlorlc acid (1+11) at arate qf 35 - the permissible tolerance within laboratory (re-
mL/min to elute the reduced iron completely from the silver peatability)

reductor, leaving 1 cm of the acid over the silver top (Note 14).
28.4 To the reduced iron and washings in the 600-mLqjqma ¢ = the within laboratory standard deviation, and
beaker, add 30 mL of sulfuric acid phosphoric acid mixture andsjgma L = the between laboratory standard deviation.
add 5 to 6 drops of sodium diphenylamine-sulphonate indicator 30 1 2 precision results are shown in Table 2.
solutions (2 g/L).
28.5 Titrate immediately with standard,&r,O-, solution to
a permanent purple endpoint. The endpoint is discernible

the permissible tolerance between laboratories,

TABLE 2 Statistical Information

within 0.02 mL (Note 21)_ Repeatability, r Reproducibility, R
. Sample Mean Iron, 2801 _ (2.8 ol) i
Note 21—The procedure blank has been established to be 0.02 mL, the % Fusion Acid Fusion Acid
same volume required to discern the endpoint. Decomposition Decomposition
76-17 67.18 0.22 0.18 1.54 0.21
: 81-2 59.57 0.21 0.21 1.47 0.23
29. Calculation 76-12 60.67 0.21 0.20 1.47 0.23

29.1 Calculate the iron content as follows:

T X 0.0055847< 100 T X 0.55847
m - m ®) 30.2 Bias—Evidence for the absence of any measurable

bias is provided by a comparison of the ISO results reported in

30.1 by this test method with the results obtained on the same

samples by two other test methods WG16B and WG23A

(similar to Test Method B). These test methods have been

accepted in the meantime as 1SO (DIS) Standards, the com-

30. Precision and Bias’ parison is tabulated in Tables 3 and 4.

30.1 Precision—Thirty-three laboratories in 9 countries in-

cluding laboratories from the USA, participated in the interna-31- Keywords

tional testing of the fusion decomposition procedure of this test 31.1 iron content; iron ores; concentrates; agglomerates and

method using four iron ore samples of varying compositionrelated materials

Also 17 laboratories in 5 countries analyzed four iron ore

samples of varying composition by the acid decomposition

procedure of this test method.

Iron, % (m/m) =

where:

T = the volume in millilitres of potassium dichromate
standard solution used for the titration (Note 21), and

m = the mass, in grams of the test portion.

TABLE 3 Bias Fusion Decomposition

. ndard F Aver F
30.1.1 The test results were conducted under the auspices of Sample Designation Séin?:nf l,/f goi?sm ¢
WGL17B of ISO Committee TC-102/SC2. The precision of this Reported
test method is expressed by the following regression formulaejss-gs2 savage River pellets 67.23 67.084
JSS-850-1 Marcona Pellets 66.78 66.781
NBS-692 Labrador 59.58 59.613
7 Supporting data are available from ASTM Headquarters. Request RR:E16-SCH-1 Canadian Standard 60.73 60.648

1010.
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TABLE 4 Bias Acid Decomposition

Standard or

Average Fe Content

Sample Designation Assumed Fe
Content, % Reported
JSS-850-3 Marcona Pellets 66.78 66.814
SCH-1 Canadian Standard 60.73 60.669
NBS-692 Labrador 59.58 59.636
LM-07 Brazilian Ore 45.96 45.928
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