Experiment 4

DETERMINATION OF MANGANESE IN STEEL

2 lab periods

Note – this is a long lab that will require that you come fully prepared. You will not be given extra time to finish this lab.

Small quantities of manganese are readily determined colorimetrically by oxidation to the highly colored permanganate ion.  Potassium periodate is an effective oxidizing agent:

5IO4- + 2Mn2+  + 3H2O  (  2MnO4- + 5IO3- + 6H+
Permanganate solutions containing an excess of periodate are relatively stable.  

There are few interferences in this procedure. The presence of colored ions can be compensated by employing a blank, i.e. a sample that has not been oxidized by periodate. However, this method is not effective in the presence of appreciable quantities of cerium(III) or chromium(III) ions, for both are oxidized to some extent by periodate, and their reaction products absorb in the spectral region commonly employed for permanganate.

The method described here is applicable for most ores and steels, except those containing large amounts of chromium. The sample is dissolved in nitric acid; any carbon present is removed by oxidation with peroxodisulfate. Phosphoric acid is added to complex iron(III) and prevent the color of this species from interfering with the analysis. A spectrometer set at 525 nm, or a photometer with a green filter, may be used for the absorbance measurements. Standard KMnO4 solutions are used to construct an absorbance/ concentration calibration curve.

The KMnO4 solution is standardized by titration against primary standard sodium oxalate (converted to oxalic acid by addition of H2SO4), according to the reaction:

2MnO4- + 5H2C2O4 + 6H+  (  2Mn2+ + 10CO2 + 8H2O

Prelaboratory Assignment

It takes 12.32 mL of a KMnO4 solution to titrate a solution containing 0.454 g of Na2C2O4. After a 10-fold dilution of this KMnO4 solution, 2-, 4-, and 8-mL aliquots are taken and each diluted to 100.00 mL. The resulting solutions give absorbance readings (525 nm) of 0.485, 0.972, and 1.911, respectively. A 1.033-g steel sample is dissolved and diluted to 100.00 mL. A 20.00-mL aliquot of this steel solution is treated with KIO4 and diluted to 100.00 mL. The final solution gives an absorbance reading of 0.733 at 525 nm. What is the % Mn (w/w) in the steel?

Apparatus

· Gooch crucible

· Glass wool

· Glass-stoppered storage bottle

· Burner with stand

· Thermometer

· Buret

· 20-mL pipet

Chemicals

· 0.100-N potassium permanganate

· Potassium periodate

· Sodium oxalate

· Sulfuric acid

· Nitric acid

· Phosphoric acid

· Ammonium peroxodisulfate

· Sodium (or ammonium) hydrogen sulfite

Procedure

1.
Preparation of approximately 0.1 N (0.02 M) potassium permanganate solution.

Lab services will provide the 0.02 M KMnO4.
2.
Standardization of KMnO4 solution.

Dry enough sodium oxalate for three titrations (calculate how much would be needed if each titration took approximately 10 mL of 0.1 N KMnO4). Make about 50-mL of 0.72 M H2SO4 from the concentrated 18 M stock. Accurately weigh three approximately equal samples of the dried standard into 400-mL beakers and dissolve in about 50 mL of 0.72 M H2SO4. Heat to 90( C and titrate with KMnO4, stirring with the thermometer (careful, don’t break it!). The solution must be kept above 60( C. Addition of KMnO4 should be slow, otherwise a brown precipitate of MnO2 forms. If this happens, the titration should be stopped and the solution given time to clear. If the precipitate persists, the titration must be redone. The end point is indicated by the first persistent pink color. Calculate the concentration of the KMnO4 solution.

3.
Preparation of standard KMnO4 solutions for absorption measurements.

Take 5 mL of the standard solution and dilute to 50-mL with distilled water. Use a buret to take 0.5, 1, 2, 4, 6, 8, and 10-mL aliquots of this solution and dilute each to 50-mL. The seven solutions are your final permanganate standards.

4.
Preparation of steel sample.

Make 60-mL of 4 M HNO3 solution from the stock 15.9 M HNO3. Weigh duplicate 0.4-g samples of steel (to the nearest mg) and dissolve in 30 mL of 4 M HNO3 with gentle boiling (hood); heating for 5 min should suffice.  Cautiously add 0.5 g of ammonium peroxodisulfate and boil gently for 10 to 15 min. If the solution is pink or contains a brown oxide of manganese, add approximately 0.1 g of sodium (or ammonium) hydrogen sulfite, and heat for another 5 min. Cool and dilute the solution to exactly 50 mL in a volumetric flask with deionized water. Pipet two 20.0-mL aliquots of each sample into small beakers. Add 2.5 mL of conc. H3PO4 to all 4 aliquots and an additional 0.2 g of KIO4 to the first aliquot of each sample. Boil each solution gently for 5 min; then cool and dilute to 50 mL in volumetric flasks with deionized water. Determine the absorbance (525 nm) of the first aliquot of each sample, with the related second aliquot serving as the blank.

Construct an absorbance vs. concentration calibration curve from your standards and use it to determine the KMnO4 concentration of your steel samples. From this, calculate the manganese concentration in the dissolved steel samples and hence the % Mn in the steel.

Questions

1. Why shouldn’t you use filter paper to filter the permanganate solution?

2. Why should the permanganate solution be stored in the dark?

3. Why does the presence of periodate stabilize the permanganate solution?

4. Explain the presence of carbon in steel.
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