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OUTLINE OF THE METHODS USED AT TEE BUREAU OF STANDARDS FOR THE
ANALYSIS OF THE STANDARD SAMPLES OF REFINED SILICON NO. 57 AND
FERROSILICONS NOS. 58 AND 59.

Silicon.—S3ilicon was determined by double hydrochloric or sulphuric acid dehydrations after fusion
with sodium carbonate and potassium nitrate in p{a.tinum crucibles. In the case of the refined silicon, a
0.4 g sample was fused with a mixture of 8 % of sodium carbonate and 0.3 g of gotassium nitrate; for the ferro-
silicons (.5 g samples were fused in large platinum erucibles with mixtures of 10 g of sodinm earbonate and
1.75 g of potassium nitrate. The fusions in all cases were dissolved in large platinum dishes, all evaporations -
were made in platinum, and silica escaping the double evaporations was recovered by trea.tin%‘the solution
with ammonia, (after the addition of a little aluminum with sample No. 57) filtering, dissolving the precipitate
in sulphuric.acid, and evaporating to fumes of the acid.

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

t Manganese.—A 1 g sample was dissolved in nitrohydrofluoric acid, treated with sulphuric acid, and
evaporated to fumes of sulphuric acid. -The residue was dissolved in 50 cc of nitric acid (sp. gr. 1.135) and
manganese determined by the bismuthate method.

FPhosphorus,—A 5 g sample was dissolved in nitrohydrofiuoric acid and evaporated several times with
nitric acid (sp. gr. 1.42). The residue was taken up in dilute nitric acid and 2 g of boric acid added. Phos-
phorus was then precipitated with molybdate and determined by the usual sedium hydroxide titration.

Sulphur.—A 2.5 g sample was fused with 30 grof sodium carbonate and 3.5 g of potassium nitrate in a
platinum crucible. 'The fusion was dissolved in hydrochlorie acid, silica removed by dehydration, and sulphur
determined as BaSO, in the filtrate from the silica.

Iron.—Iron was determined by reduction with stannous chloride and titration with potassium perman-
ganate according to the Zimmerman-Reinhardt method. The samples were dissolved in nitrohydrofluorie
acid, fumed thoroughly with sulphuric acid, converted to chlorides, and finished as noted, correction 1
made for vanadium.

~ Chromium and vanadium.—Chromium and vanadium were determined colorimetrically. Five-gra.
samples of the alloys were dissolved in nitrohydrofluoric acid, fumed with sulphuric acid, diluted, nearly
neutralized with sodium hydroxide and then poured into an excess of sodium hydroxide containing sodium
peroxide. The solution was filtered through asbestos, and chromium and vanadium were determined colori-
metrically and by electrometric titration 1n the filtrate.

Titanium and zirconjum.—Five-gram samples of the alloys were dissolved in nitrohydrofluoric acid,
fumed with sulphuric acid, diluted, nearly neutralized with sodium hydroxide and then poured into an excess
of sodium hydroxide. The precipitate was filtered and dissolved in hydrochloric acid. %)he iron was removed
by double precipitation with ammonium sulphide in the preseunce of tartaric acid. Titanium and zirconivm
in the filirate were precipitated with cupferron, weighed, and the zirconium determined as phosphate according
to Lundell and Knowles J. Ind. Eng. Chem., 12, 562; 1920.

Copper and aluminum.—Three-gram samples of the alloys were dissolved in nitrohydrofluoric acid,
fumed with sulphuric acid, diluted and the copper precipitated with hydrogen sulphide, ignited, weighed ss
CuO0 and tested for platinum. The filtrate was boiled to remove hydrogen sulphide and poured into an excess
of sodium hydroxide. The solution was filtered, a slight excess of hydroclgloric acid was added, and the
aluminum was precipitated as phosphate in the presence of ammonium acetate. cf. Lundell and Knowles, J.
Ind. Eng. Chem., 14, 1136; 1922. An ether separation was made on No. 59 and the aluminum was separated
from iron with sodium hydroxide and determined as Al,O, with the proper corrections for 8i0, and PZB

Calcium and magnesiurmn.—Five-gram samples of the alloys were dissolved in nitrohydrofluoric acid,
fumed with sulphuric acid, and taken up in dilute hydrochloric acid. A slight excess of ammonia was added,
the solutions were boiled a few minutes and the precipitates filtered. Calcium was precipitated in 0.5 per cent
oxalic acid-ammonium oxalate solution and reprecipitated in slightly ammoniacal solution. Standards Nos.
57 and 58 were run as outlined above, but the ammonia precipitate on No. 59 was dissolved in hydrochloric
acid and an ether separation made to remove most of the iron. The acid extract was oxidized, treated with
an excess of ammonia, the precipitate filtered, and the filtrate added to the filtrate from the first ammonia
separation. Calcium was then determined in the combined filtrates. The calcium filtrates were tested for
magnesium with ammonium phosphate in the usual way.

5e

Nickel.—Nickel was determined by the dimethyl glyoxime method after solution of the alioys in nityo
hydrofluoric acid and evaporation with sulphurie acid.
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SUGGESTED METHCD FOR THE DETERMINATION OF SILICON IN FERROSILICON ALLOYS

Fusion of ferrosilicon alloys in platinum with sodium carbonate and nitre though an excellent method
<or refined analysis is not as satisfactory for general purposes as is fusion with sodium peroxide in a pure iron
crucible. Such a fusion, followed by dehydration ‘Nitﬁ hydrochloric acid, is more convenient and gives accurate
results if carefully made.

Procedure.—1. Transfer 0.5000 g (use 0.4000 g for 90 per cent silicon) of the finely powdered sample
(150 mesh) to a 50 cc pure iron crucible made from No. 20 gauge (0.032-inch thickness) ingot iron, add ap-
proximately 13 g of sodium peroxide, mix thoroughly with a platinum or iron rod and careftﬁly clean the rod
of adhering particles by scraping with another rod. Cover the mixture with a layer of about 2 g additional
peroxide, }{)ea,t the crucible and contents on a hot plate for 5 to 10 minutes to expel any water in the per-
oxide which would cause splattering in the subsequent fusion. Carefully fuse over a low flame by holding the
crucible with a pair of tongs and slowly revolving it around the outer edge of the flame until the contents have
melted dowfi quietly. When the fusion is molten, rotate the crucible carefully to stir up any unattacked par-
ticles on the bottom or sides, the crucible and contents being maintained at a low red heat., Just before com-
pletion of the fusion, which requires only three or four minutes, increase the temperature to bright redness for
a minute. If the reaction has proceeded too violently, due to too rapid heating, use of insufficient sodium
peroxide, or to lack of thorough mixing, appreciable less will occur and the work should be repeated.

2. Cover the crucible and allow it to cool until the fusion has solidified, and tap the bottom of the crucible,
while still warm, several times on an iron plate, which will loosen the fused mass in a solid cake. When the
crucible and cake have completely cooled, transfer the cake to a large (275 cc) gold or preferably platinum
dish. Cover the dish with a clock glass and cautiously add 50 cc oig cold water. When the reaction ceases
wash the small amount of adhering matter in the crucible into the dish with a little water. Cool the solution
and carefully add an excess of hydrochloric acid. Evaporate to dryness, preferably on a steam bath, but do
not bake at a temperature above 110° C. If platinum or gold dishes are not available for solution of the fused
cake, the latter can be disintegrated with water in a pure nickel dish and the contents then transferred to a
porcelain dish containing sufficient hydrochloric acid to provide an excess of acid. It is not desirable to dis-
solve the fusions direetly in poreelain becanse of the action of the alkaline solution on the porcelain.

3. When the residue is dry, allow the dish to cool, add 10 cc of hydrochloric acid (sp. gr. 1.13), cover
the dish, and heat gently for a few minutes. Dilute with 100 cc of hot water, digest for a few minutes, and
Niter through an 11 cm paper. Wash about eight times with hot 5 ]i%r cent hydrochloric acid, twice with

arm 5 per cent suiphuric acid and then a few times with hot water. eserve paper and residue.

4. Evaporate the filtrate to dryness and bake the covered casserole or dish at 110° C. for one hour. Heat-
ing at a higher temperature is unnecessary and also disadvantageous. Cool, add 10 cc of hydrochloric acid
(1-1), digest on the steam bath for 10 minutes, add 100 cc of warm water, filter immediately, and wash about
eigl}llt tilirclies with cold 1 per cent hydrochlorie acid, once with cold 5 per cent sulphuric acid and then a few times
with cold water.

5. Place the paper and silica from the second dehydration in a large partially covered platinum crucible
and char the paper without inflaming. Add the paper containing the silica from the first dehydration, char
as before, and then ignite carefully until the carbon has been burned off. Great care should be exercised in
igniting the papers, as the current of air produced by a burning filter is sufficient to carry finely divided silica
out of the crucible. When the carbon of the filter paper has been completely burned, gradually heat the
tightly covered crucible to the full heat of a blast lamp and continue the heating at 1,050 to 1,110° C. for 25
minutes. Cool in a desiceator, weigh, and check for constant weight by additional heating for 10 minutes at
the above temperature. Add sufficient sulphuric acid (1-1) to moisten the silica and then 15 to 20 cc of
pure hydrofluoric acid (48 per cent). Eva{mrate to dryness, ignite, and weigh. The loss represents silica
which contains 46.76 per cent silicon. A -blank, not omitting the same amount of hydrofluoric acid, should
be carried through all stages of the operation, :

The silica remaining in the filtrate after the second dehydration is
0.0006 to 0.0010 g after dehydrations with hydrochioric acid and 0.00
sulphurie acid. :

practically negligible, averaging about
10 to 0.0015 g after dehydrations with
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