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OUTLINE OF THE METHODS USED AT THE BUREAU OF STANDARDS IN THE ANALY
OF STANDARD MANGANESE METAL No. 67 AND FERROMANGANESE Ho. 68

Manganese.—Manganese was determined by Cunningham and Coltman’s modification of the
bismuthate method (Jour. Ind. Eng. Chem., 16, 58; 1924). A 0.3 g sample was used for the ferromanganese
and 0.25 for the manganese metal. The residue, of the ferromanganese, insoluble in nitric acid, contained
less than 0.005 per cent of manganese.

Carbon.—Carbon was determined by direct combustion of a sample mixed with 2 g of ingot iron and
1 g of copper oxide. The evolved CO, was absorbed in ascarite and a blank determined and subtracted.

Phosphorus.—Phosphorus was weighed, by analyst 2, as Mg,P,0,, after initial precipitation with
molybdate. The alloys were dissolved in concentrated nitric acid, evaporated to dryness, heated at 120° .,
digsolved in dilute hydrochloric acid, and filtered to remove silica. Any phosphorus in the residue wass
recovered and added to the filtrate. Approximately 0.07 g of iron was added to the filtrate of the manganese
metal and a slight excess of ammonium hydroxide added. The precipitate was filtered, dissolved in nitric
acid, and nearly neutralized with ammonium hydroxide, and the phosphorus precipitated with molybdate
reagent. The solution of the manganese metal was first reduced with ferrous sulphate and sulphurous acid
before addition of the molybdate reagent. Phosphorus was determined, by analyst 1, by the alkali-molybdate
method. After removal of silica as described, the hydrochloric acid in the filtrate was removed by several
evaporations with nitric acid, the solution adjusted to the proper acidity, and the phosphorus precipitated with
molybdate reagent. The solution of the manganese metal was likewise first reduced as stated above.

Sulphur.—Sulphur was determined by direct solution in nitric acid (sp. gr. 1.42) and precipitation as
BaS0,, after repeated evaporation with hydrochloric acid.

Silicon.—Silicon was determined by sulphuric acid dehydration. The residue of ferromanganese
No. 68 insoluble in sulphuric acid was filtered, fused with sodium carbonate, and added to the main solutisn
before dehydration with sulphuric acid.

Jron.—Two g of No. 67 and 1 g of No. BR were dissolved in nitrie-hydrochlorie acid, fumed with ¢
phuric acid, diluted, and treated with a slight excess of ammonium hydroxide. The precipitate was filtered;"
dissolved in hydrochlori¢ acid, and the iron precipitated by dpouring the solution into a solution of sodium
hydroxide. The precipitate was dissolved and reprecipitated with sodium hydroxide. The second precipi-
tate was dissolved in hydrochloric acid and the iron determined by reduction with stannous chloride and
titration with permanganate.

Chromium and Vanadium.—Five g of the alloy was dissolved in dilute sulphuric acid, and the residue
fused with sodium carbonate and added to the main solution. Practically all of the manganese was removed
by a double separation with ammonium hydroxide. (Approximately 0.02 g of iron was added to No. 67 to
obtain a tenfold excess of iron over the vanadium present.) The precipitate was dissolved in dilute sulphuric
acid and chromium oxidized by the persulphate-silver nitrate method and titrated with ferrous sulphate-

ermanganate and vanadium determined in the same solution by the ammonium persulphate method.
hromium and vanadium were also titrated cleetrometrically.

Titanium, Aluminum, Copper, Cobalt, and Nickel..—A 10 g sample was dissolved in hydrochloric
acid, oxidized with a little nitric acid and evaporated to drymess, taken up in dilute hydrochloric acid, and
filtered. The residue was ignited, heated with sulphuric and hydrofluoric acids to remove silica, fused with
potassium acid sulphate, and later added to the acid extract from the ether separation. The hydrochioric
acid solution was treated with ether to remove most of the iron. The acid extract from the ether separa-
tion was fumed with sulphuric acid, diluted, and copper removed with hydrogen sulphide, ignited, and
Welighed as CuQO, which was examined for other members of the hydrogen sulphide group. The filtrate was
boiled, the iron oxidized with nitric acid, and a double ammonium hydroxide precipitation made. The
ammonis precipitate was dissolved, and the solution nearly neutralized, and pouredp into an excess of sodium
hydroxide. The solution was filtered and the filtrate examined for aluminum by the addition of ammonium

osphate. Titanium was determined in the precipitate by the cupferron method. (¢f. Lundell and Knowles,
Jour. Ind. Ing. Chem., 1%, 562; 1920.) The auunonia flirate was adjusted to 10 per cent acidity with hydro-
chloric acid and the cobalt precipitated with an excess of nitroso B naphthol. ’lg)his precipitate was filtered,

nited in porcelain, and fused with potassium acid sulphate. The melt was dissolved in 10 per cent sul-
phuric acid, oxidized with potassium persulphate, and the cobalt and traces of manganese precipitated witk
sodium hydroxide. The precipitate was dissolved, and the coball again precipitaled with nitroso naphtho;
ignited, and weighed as Co,0,. Nickel was determined in the nitroso B naphthol filtrates by doubie n
cipitation with gimethyl lyoxime after the addition of sufficient tartaric acid to render the ammonis
solution clear before addition of the glyoxime reagent.
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IODIFIED BISMUTHATE METHOD FOR.THE DETERMINATION OF MANGANESE IN MAN-
GANESE METAL AND FERROMANGANESE

Reagents required.— (1) Dirure N1rRIc Acm (sp. gr. 1.135).—Mix 300 cc of nitric acid (sp. gr. 1.42)
and 700 cc of distilled water. Test for proper gravity.

(2) Drute Nrrric Acip (3 : 97).—Mix 30 cc of recently boiled nitric acid (sp. gr. 1.42) and 970 cc
of distilled water. Add a little sodium bismuthate and shake well.

(3) Soprom BrsmuTHATE (80 PER CENT GRADE).—The oxidizing power of the reagent can be tested as
follows: Shake one-half gram of the reagent with 4 g of potassium iodide and a little water in a stoppered
flask. Add 15 cc of hydrochloric acid and allow to stand in the dark, with occasional shaking until the bis-
muthate has entirely decomposed. Dilute to 300 cc and titrate with 0.1 N sodium thiosulphate, using starch
as an indicator at the end. One cc of 0.1 N Na,S,0, equals 0.0140 g NaBiO,. About 26 g of 80 per cent
bismuthate are required to oxidize 1 g of manganese.

(4) AssEsros.—Asbestos for this work should be thoroughly digested in nitric acid (sp. gr. 1.42) and
then washed free from acid with distilled water.

(5) STANDARD PoTassTUM PERMANGANATE Sorutron.—Dissolve 3.2 g of KMnOQ, in 1,000 cc of dis-
tilled water, allow to age for at least 10 days, and filter through purified asbestos. Standardize the per-
mangate solution against Bureau of Standards sodium oxalate as follows:

In a 400 cc beaker dissolve 0.28 to 0.30 g of sodium oxalate in 200 cc of hot water (80 to 90° C.), add
10 cc of dilute H,S0, (1 : 1), and titrate at once with the permanganate solution, stirring the liquid vigorously
and continuously. The permanganate must not be added more rapidly than 10 to 15 ce per minute, and
the last 0.5 to 1 cc must be added dropwise, with particular care to allow each drop to be fully decolorized
Dbefore the next is introduced. The excess of permanganate used to cause an end point color must be esti-
“sated by matching the color in another beaker containing the same bulk of acid and hot water. The tem-
srature of the solution should not be below 60°C. by the time the end point is reached. One cc of 0.1 N
“KMnO, equals 0.001099 g of manganese.

MetHOD.—(A) SoLUuTION OF THE SAMPLE.—AIl samples should be crushed to approximately 100 mesh
and dried at 105 to 110° C.

FrErrROMANGANESE.—The weight of sample is governed by the manganese content; for 80 per cent
ferromanganese from 0.2500 to 0.3000 g should be used. As there isno difficulty in obtaining a uniform sample,
it is preferable to weigh out individual portions of the 100-mesh sample. The following procedure as regards
the quantity of acid and final volume presupposes the presence of approximately 0.20 g of manganese. Dissolve
the sample in 60 cc of nitric acid (1.42) and boil in a covered flask or beaker until nitrous fumes cease to be
evolved. (If the sample contains over 1 per cent of chromium, dilute the solution with an equal volume of
water, filter, ignite the residue, fuse if with a little sodium carbonate, dissolve the fusion in a little nitric acid
and add it to the main solution.) Oxidize the carbon by adding, in small portions, 2 to 2.5 g of ammonium
persulphate. Boil the solution about 10 minutes and add small amounts of bismuthate to the boiling liquid
until a precipitate of manganese dioxide has formed. Dissolve the precipitate by dropwise addition of sul-
phurous acid, adding an excess of 1 cc after the precipitate has dissolved. Boil the solution about five min-
utes to completely expel oxides of nitrogen, dilute to 200 ce, cool with ice, and treat as described later.

MANGANESE METAL.—Dissolve 0.2500 g of sample in 250 cc of nitric acid (1.135) in a 750 cc Erlen-
meyer flask provided with a cut-off funnel to prevent loss by spraying, make a preliminary oxidation with
bismuthate, and then reduce with sulphurous acid. Dilute the solution to a volume of 250 cc by adding
nitric acid (1.185), cool with ice, and finish the determination as described later.

(B) OxIDATION OF MANGANESE.—If the preceding directions have been followed, tae manganese will
be present in a concentration of approximately 0.001 g per cc of nitric acid (sp. gr. 1.185). This concentration
of manganese and nitric acid, together with a temperature of 10 to 15° C., are the conditions which insure
smaximum stability of the permanganic acid, formed as further described. Add approximately 7.0 g of sodium

ismuthate (80 per cent) to the flask, agitate briskly for one minute, dilute with 250 co of cold water, anc
filter immediately on a layer of prepared asbestos supported on a 2-inch alundum or perforated porcelain
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plate resting in a large glass funnel. The filter can be washed free from manganese more readily if not allowe~
to run dry during the filtering and washing. To insure complete oxidation of the manganese to permanga
acid, it is essential that the sodium bismuthate (80 per cent NaBiO,) be used in the ratio of at least 26 g <.
every gram of manganese in solution. Wash the filter and residue with cold 3 per cent nitric acid until the

washings are entirely. colorless and immediately treat the filtrate and washings as described in the next para-
graph. ' ‘

Weigh accurately 9.000 g of ferrous ammonium sulphate, taken from a bottle of the well-mixed salt,
and add to the filtered solution of permanganic acid. Stir briskly and as soen as the reduction is complete
and the salt has dissolved, titrate the excess ferrous salt with 0.1 NV potassium permanganate. The manganese
value of the ferrous salt is obtained in the following manner:

Two hundred and fifty cc of nitric acid (sp. gr. 1.135) contained in a 750 cc Erlenmeyer flask are treated
with approximately 2 g of sodium bismuthate and the solution is vigorously agitated for one minute, diluted
with 250 cc of cold water, and immediately filtered on a layer of acid washed asbestos as previously described.
Five (5.000) g of the ferrous ammonium sulphate are added to the filtrate and the resulting solution is immedia-
tely titrated with 0.1 N KMnO, until a faint pink color appears. The excess of permanganate used to cause
an end point color must be determined in both titrations.

Note.—Chromium in amounts less than 2 per cent does not cause any interference if the reactions are
rapidly done in cold solutions. Larger amounts interfere to some extent and should be separated prior to the
final oxidation with bismuthate.



