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To all whom it mary concern:

$3e 1t known that I, GUILLAUME DE CHAL-
MOT, a citizen of the United States, residing at
Holcomb Roek, county of Bedford, and State
of Virginia, have invented a new and useful
Improvement in Methods of Obtaining Free
Amorphous Silicon, of which the followmﬂ' is
a specification.

In the process heretofore practiced by me
of reducing silica or silicates in the presence
of copper 1 have obtained crystalline alloys
which consist of {ree copper, free silicon, and
copper silicid, represented by the formula
Cu,di. By treating these crystalline alloys
with acids a large proportion or all of the cop-
per is dissolved, while the silicon that is com-
bined with the copper is oxidized and forms
silica. The crystalline silicon remains unal-
tered by this treatment, and it can be puri-
fied of the silica by dlSSOl‘i?lnﬂ the same in
hydrofluoric acid. In this method of obtain-
ing free silicon a part of the silicon that had
been reduced from the silica could not be ob-
tained 1n a free condition, and to this extent
the former method was defective. This por-
tion was that united to the copper and oxi-
dized under the treatment with acids.

A copper-silicon alloy of average quality
was found by chemical analysis to contain:
copper, 70.05 per cent.; iron, 0.87 per cent.:
freesilicon, 19.21 per cent. ; combmed sﬂmon
10.10 per cent

The object of my present invention is to
reclaim as large a portion as possible of the
10.10 per cent. of combined silicon and con-
vert the same into free silicon, as it is appar-
ent that heretofore more than one-third of
the total percentage of silicon in the alloy was
lost in the opela,tlon

In carrying out the present process the al-
loy is finely ground and mixed with sufur,
the quantity of sulfur being determined by
the percentage composition of thealloy. This
finely- gr{mnd mixture is heated in a closed
vessel to a temperature which preferably

ranges between 250° and 300° centigrade. Un-
der thls heat the copper unites with the sul-
fur and the larger part of the silicon of the
silicid is made free in the form of an amor-
phous brownish-black powder.
1f there is not enongh sulfur employed,
some of the copper will remain in its union

l

with the silicon, and if there is too much sul-
fur some of it will unite with the silicon, es-
peclally at places where the sulfur has run
together into drops.

I have found that silicon is liberated if the
amount of sulfur employed is just sufficient
to form with all the copper the compound Cu,S,
and that it is also liberated if twice as much
sulfur is used, so that the compound CusS is
formed; but in the latter case more of the
silicon will combine with sulfur. Ihave also
found that the higher the temperature is
raised the more the silicon will combine with
sulfur, but that at the temperatures named
the reaction obtained is the most desirable.

Operating with a high-grade silicon alloy I
obtained the following results: Before ftreat-
ment: free silicon, 19.21 per cent.; combined
silicon, 10.10 percent. After treatment with
suifur: 25.77 per cent. of original alloy and
3.04 per cent. of original alloy.

The following formula shows the result of
treating a low-grade silicid with just enough
sulfur to obtain the compound Cu,S: Before
treatment: free silicon, 1.22 per cent.; com-
bined silicon, 11.74 per cent. Affer treat-
ment with sulfur: 7.84 per cent. of original
alloy and 5.12 per cent. of original alloy.

The following formula shows the result of
treating a low-grade silicid with enough sul-
fur to produce the compound CuS: Before
treatment: free silicon, 1.22 per cent.; com-
bined silicon, 11.74 per cent. After treat-
ment with sulfur: 7.27 per cent. of original
alloy and 5.69 per cent. of original alloy.

The mixture of sulfids and free silicon is
treated with acids. I prefer boiling with di-
tuted nitric acid. By these means all the
copper 1s dissolved and most of the sulfur of
the copper sulfid liberated. The silicon sul-
fid that may be present is decomposed at the
same time, ylelding mainly silica and hydro-
gen sulfid. The copper salts are washed out
and the residue is dried and extracted with
carbon disulfid, which removes the sulfur.

The remainder is treated with hydrofluorie

acid, that removes all the silica. These op-
erations may be repeated. The product in
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most cases 1s a mixture of crystalline and of

amorphous silicon, for the crystalline silicon
of the original alloy passes unaltered through

- all the operations.
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I claim as my invention—

1. In the process of reducing silica or sili-
cates in the presence of copper, the method
herein specified of reclaiming the silicon in a
free condition, consisting in finely pulveriz-
ing the silicon- -copper elloy and mixing the
same with sulfur, heating the same in a closed
vessel to a tempel ature preferably between
250° and 300° centigrade, in which the copper

nnites with the sulfur and the silicon of the

- silicid is set free as an amorphous powder
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substantially as set forth.

2. In the process of reducing silica or sili-
cates in the presence of copper, the method
herein specified of reclaiming the silicon 1n a
free condition consisting in finely pulveriz-
ing the silicon-copper alloy and mixing the
same with sulfur, heating the same 1n a closed
vessel to a temperature preferably between
250° and 300° centigrade, in which the copper

Tinites with the sulfur and the silicon of the

silicid is set free as an amorphous powder,
the amount of sulfur being regulated so as to
obtain the compound Cu,S or the compound
CuS, substantially as set forth.
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3. In the process of reducing silica or sili-
cates in the presence of copper, the method
herein specified of reclaiming the silicon in a
free condition, consisting 1in ﬁnely pulveriz-
ing the e11100n-00pper e,lloy and mixing the
same with sulfur, heating the samein a closed
vessel to a temperature preferably between
250° and 300° centigrade, in which the copper

unites with the sulfur and the silicon of the

silicid is set free as an amorphous powder,
treating the mixture of sulfids and free sili-
con with acids to dissolve the copper and lib-
erate the sulfur, decomposing the sulfids,

washing out the copper salts, drying the resi-

due and extracting the sulfur by carbon di-
sulfid and treating the remainder with hydro-

fluoricacid to remove the silica, substantially
- as set forth.

Sioened by me this 15th day ot September
1897,

G. DE CHHALMOT.

Witnesses:
GEO. T. LANCASTER,
JoHN C. TEMPLE.
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