Determination of Mn in Steel
In the lab, you are going to determine the total amount of Mn and Cr in steel according to procedure 4.3. However, procedure 4.2 and its principles are very important and therefore it is recommended to read and understand it. 
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[image: image2.png]Principles This is a classic procedure that still finds widespread use because of its
relative simplicity and high accuracy (+1 to 2%). It is based on the conversion of
manganese metal in steel to Mn?* by dissolving the steel in HNO; and then forming
the highly colored permanganate ion (MnOj) by oxidation with potassium
periodate according to Equation 4-1:

2Mn** + 5107 + 9H,0 = 2MnO; + 5105 + 6H;0* (4-1)

The permanganate solution is quite stable in the presence of excess IO, and few
other steel constituents produce interfering colors. The absorbance is measured at
525 nm. The high concentration of Fe(III) present, which could interfere, is masked
by adding H,PO, to form the colorless iron phosphate complex. Other possible
interferences can be compensated for by a sample of steel not treated with 10 asa
blank. The only two other possible constituents in steel that are oxidized by IO and
produce interfering absorbance are chromium and cerium. Procedure 4-3 should be
used if large amounts of Cr are present (Cr > Mn). Fortunately, Ce is not a common
constituent in steel.

Standard solutions of Mn can be used to construct a calibration curve from
which the percent Mn can be determined, but higher accuracy is possible by using
the standard addition method recommended here because it compensates for
“matrix effects” (see Chapter 14).




[image: image3.png]Directions Weigh 0.5-g samples (+ 1 mg) of steel (Note 1), and transfer to 250-mL
beakers. Add 50 mL of 4 F HNO;, and boil gently for a few minutes, keeping
beaker covered with a watch glass until sample is dissolved. Carefully add 1 g of




[image: image4.png]ammonium peroxodisulfate [(NH,),S,04], and boil gently for 10 to 15 min
(Notes 2, 3). Cool to room temperature, and transfer to a 100-mL volumetric
flask. Rinse out beaker several times with H,O, and add the washings to the
volumetric flask. Dilute to the mark with H,O.

With a volumetric pipet, transfer three 20-mL aliquots to 250-mL beakers.
One serves as a blank, one measures sample absorbance, and the third measures
absorbance of sample plus a standard addition. Treat each according to the

following table (Note 4):




[image: image5.png]H,PO, (mL) Std. Mn (mL) KIO, (g)

aliquot 1 (blank) k) 0.00 0.0
aliquot 2 (sample) 5 0.00 04
aliquot 3 (sample + addition) 5 5.00 04

Boil each solution gently for 5 min, cool, and quantitatively transfer to 50-mL
volumetric flasks. Dilute to the mark. Measure absorbance of aliquots 2 and 3,

using aliquot 1 as the blank.
Calculate the percentage of Mn in the steel, using the method of standard

addition, as discussed in text Chapters 12 and 14.
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This recommended sample weight is useful for manganese concentrations of 0.2
to 1%. Consult instructor for expected composition range, and adjust sample
weight if necessary.

This step oxidizes any carbon present in the steel.

If the solution is pink or contains a brown oxide of manganese, add ~0.1 g of
sodium bisulfite (NaHSO,), and heat for another 5 min.

Preparation of standard Mn(II) solution: Dissolve 0.1 g of Mn (+0.1 mg) in
10 mL of HNO;. Boil gently to remove nitrogen oxides, and then cool. Transfer
to a 1-L volumetric flask. Rinse vessel well, and add the washings to the volu-
metric flask. Dilute to the mark, and calculate exact milligrams of Mn per

milliliter.




All procedures were taken from:

Analytical Chemistry, Practice, John H. Kennedy

