IO

IS

20

30

35

40

45

50

55

UNITED STATES

PATENT OFFICE.

HENRY M. CHANCE, OF PHILADELPHIA PENNSYLVANIA

PROCESS OF PURIFYING METALS

No. 800,984.

- Specification of Letters Pa‘tent..

Patented Oct. 3, 1905.

Application filed June 2, 1905, Serial No, 263-.396..

To all whom it may concern.:

Be it known that I, HeENry M. CHANCE, of
No. 819 Drexel Building, in the city of Phila-
delphia and State of Pennsylvania, have 1n-
vented a certain new and useful Process ot
Purifying Metals, whereof the following 1s a
specification. |

Broadly speaking, processes for the puri-
fication of metals may be classified as follows,
viz: those whereby the impurities are re-
moved from the metal and those whereby the
metal is removed from the impurities. In the
former class the metal is exposed to the ac-
tion of substances having a chemical affinity
for the impurities which are to be removed.
In the latter class the separation may be af-
fected by volatilization or by electroly51s of
the metal and its redeposition.

My present invention relates to the first-

mentioned c'lass of processes, in which chem-

ical aﬁmtv is the underlying principle. In
carrying out these processes where the puri-
fying substances usually consist of or are
contained in gases, fused slags, or solids it
is often difficult to obtain the most desirable
reagent and to preserve, store, and handle 1t
in its most efficient condition, and there is
also often difficulty in bringing such reagent
into intimate or molecular contact with the
impurities themselves. My process is in-

tended to overcome these difficulties; and to

that end it consists in developing or disen-

oaoing the purifying reagent by electrolytic
action in immediate contact with the metal

to be purified in a state of fusion. I thus
obtain the double advantage of increased
chemical affinity, due to the nascent COHdlthIl
of the disengaged substance, and of insuring
the most mtlmq,te contact wﬂsh the impurities
themselves. Moreover, I am enabled to em-

“ploy reagents which cannot well be used un-

der other conditions, because of the difficulty
of obtaining, preserving, and applying them
in what may be termed a ** permanent” free
state and also because of the difficulty of con-
trolling their action accurately when added
en masse to the metal to be purified. It 1sof
course a characteristic of my invention that
the reagent thus electrolytically disengaged
should have at the temperature used greater
chemical affinity for the impurities than it has
for themetal to be purified. The process may
be operated in an ordinary electrolytic cell
adapted to contain a fused electrolyte in con-
tact with a fused metal, and hence 1 do not

erucible o
_open-hearth, reverberatory, or electric fur-

deem it necessary to describe in detall any

particular type ot apparatus.

In carrying out my process thefused metal
is maintained in contact with a fused electro-
lyte containing the desired reagent and 1s

connected, as one of the poles, to a source of

electric energy, the other pole being placed

in contact with or partly immersed in the
fused electrolyte. The passage of the elec-
tric current sets free the purifying reagent

in -a nascent state from the fused electrolyte

at its region of contact with the fused metal,
and the element or elements thus set free
combine with the impurities contained in the
fused metal, forming chemical compounds
of such impurities, which may remain sus-

pended or dissolved in the electrolyte or if

volatile may pass off as gas or vapor.
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The metal to be purified may be fused in a

or any suitable furnace—such as an

nace—and is subjected to the described treat-

ment with the electrolyte floating upon itif the
specific gravity of the metal be oreater than
that of the electrolyte. or vice versa 1f ths re-
verse be true.

8o .

My process is not a process of electrolvtw |

purification, but merely uses electrolysis 1n-
cidentally, and it differs from the ordinary

electrolvtle processes emplovmﬂ fused elec-
trolytes in that the cell is not used for the
production and recovery of metal, but for the

purification of fused metal formmcr oneof the
poles.

processes, because the metal to be refined or
purified is not dissolved by the electrolyte
and.redeposited on the other pole. It also
differs from refining of metals by direct elec-

done by some processes,) because the purifi-
cation of the metal in my process is effected
by the action of elements contained in the
electrolyte. which are set free in a nascent

It differs from EElthIOthlc refining -
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i trolysis of the impurities, (as is aimed to be
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state by the electrolysis of the electrolyte at

the region of contact of the metal and elec-
trolvte, and because electrolysis of the fused
electrolyte is only used to effect the genera-
tion.in a nascent state at the surface ot the
fused metal of elements having at the tem-
perature used a greater chemlcsl affinity for
the impurities to be removed ‘than for the
fused metal.

It 1s of course evident that in (,a,lrymcr out
this process heat will be generated by the
electric current, due to the resistance of both
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the fused metal and the electrolyte, and while |

not essential to the process this heat may be

- utilized as a partm] or as the sole source of
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heat, as 1s done in practice in the pmducmon
of metaﬂs from fused electrolytes.

The process may be a.pphed N Many ways
to the purification of metals. -
in the purification of iron and steel by em-
ploying as an electrolyte fused calecium chlo-
rid or other electrolytes, simple or compound,
of the alkalies and alkaline-earth metals not

volatile at the temperature used, the fused
iron or steel being made the cathode, the

electric current freeing in a nascent state cal-
cinm or other metal of the groups mentioned

at or upon the surface of the iron or steel.

- Such disengaged metal immediately combines
with the carbon, phosphorus, sulfur, oxygen,’

“and other impurities for which it has. great
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chemieal affinity, to form carbids, phosphids,

sulfids, oxids,. and.other compounds, which

are carried off by the supernatent electrolyte.
The process. may be used for the purifica-

tion of copper from oxygen, suifur, phos-
- phorus, selenium, arsenic,and other impurities
by using an. electrolyt@ similar to that de-

seribed for purifying iron and steel, making
the fused copper the cathode, the impurities
being. removed .as oxids, sulfids, selenides,
arsemdes,, and other salts of calcium or other
metal of the above-named groups. it may

- also be applied to the purification of copper
~and nickel alloys. from sulfur, arsenic, and
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“and copper.

other impurities by applying the methods
above deseribed to be used for iron or steel
. In this and similar applications
of the process salts (especially the. haloid
salts) of the alkalies and alkaline-earth met-

~als capable of electrolytic decomposition when

4.0

fused are the most useful electrolytes, be-

. cause at: the temperature used these metals
- most readily combine with. and remove the
. elements that constitute most of the objec-
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tionable impurities in metals—such as sulfur,
arsenic, oxygen, phosphorus, silicon, tellu-

- rium, selenium, the halogens, and other ele-

ments——as before specified.
The process may . be used 1n removmg me-

tallic impurities from metals and alloys by
using an electrolyte of such character that

“the elements set free from it at the surface of
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the fused metal or alloy have greater chem-

ical affinity for the metallic impurity than for

the metal tobe purified—as, for example, the |

removal of iron from copper, which may be

~accomplished by.using an electrolyte contain-
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65 gvailable oxygen, which 1s set free in » nos- |

ing electrolytically-available oxygen, making

the fused copper the anode and oxidizing the

-iron by the oxygen set free in @ nascent state
.ab .the surface of the fused-copper anode.

The process may be also used in purifying
metals from easily-oxidizable impurities by
making the fused metal the ancde and using
a fused electrolyte containing electrolytically-

-1t can be used

800,984

cent state at the surface of the metal and se-
lectively. combines with and removes easily-
oxidizable impurities present, and similarly

also by using a fused electrolyte containing

electmlytlcallv available halogens in cases
where the chemical affinity of “the halogens

at the temperature used for the impurities

to be removed is greater than their affinity
for the metal to be purified. |

if the fused metal and impurities act as an
electrolyte, and if at the temperature used
the impurities to be removed are electro-
negative elements, then the fused metal must

be made the cathode, and the impurities must

be removed by generating in & nascent state
from the electrolyte at the surface of the fused
metal an electropositive metal preferably of
the groups before named. .

In cases where the metal to be purified is
made the anode a small quantity of metal or

‘electropositive element will be deposited at

the cathode, and while this is purely inci-

dental this metal may often profitably be re-

covered, which may be accomplished by plac-
ing the cathode at one side of, and not verti-
cally above, the fused metal to be purified

and permititing the metal disengaged at the

cathode (if fusible at the temperature used)
to drop off into a depression in the floor of
the furnace vertically beneath the cathode, or

the metal may be recovered in many other
If such disengaged metal be,

obvious ways.
the same as the metal undergoing purification,

it -may be allowed to drop directly into the
anode metal, or if it be a metal that can ad-
Va,nmweouslv be added to such anode metal to
form an alloy it may be allowed to drop off
‘directly through the electrolytic bath into the

anode metal. As the gquantity of impurities
to be removed is usually by weight only a

small percentage of the metal to be purified,
1t is evident that any metal deposited at the

cathode will be correspondingly small in
quantity and will usually be of small éco-
nomic importance, and such metal inay be
regarded entirely as a waste or by product
and not essential to the working of the proc-

| ess; but the value of the metal so obtained,

although small in quantity as compared with
the metal being purified, if relatively high-

priced, may largely decrease the net cost of

operating the process. |
The purification of many other metals and
alloys may be effected by this process by the

use of proper electrolytes and by passing the

electric current in the proper direction, as 1n-
dicated by very simple rules, which will be
readily understood by any one versed in the

| eleetmmetajlurgm&l art.

Among the important pmctmal considera-
{ions are the following:

First. Ifatthe temperature used the chem-
ical affinity of oxygen, the halogens, or other

elements set free from the electrolyte at the

anode for the impurities to be removed be
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greater than for the metal to be purified, the

fused metal may be made the anode, and the
electrolyte may be one containing electrolyt-
1cally-available oxygen, halogens, or other de-
scribed element.

Second. If at the temperature used the
chemical affinity of oxygen, the halogens, or
other elements set free from the electrolyte at
the anode for the impurities to be removed be

less than for the metal to be purified, or if it

1s not desirable to introduce into the metal to
be purified any of these elements set free at
the anode, then the fused metal should be made
the cathode, and the active electrolyte should
be a salt of ametal having at the temperature
used greater chemical affinity for the impuri-
ties to be removed than for the metal to be
purified, this latter method also being appli-
cable tometals containing impurities provided
for in the preceding paragraph. |

Third. If oxygen be one of the impurities
to be removed, the metal to be purified may
be made the cathode, and the electrolyte may
be ofi the class described in the preceding para-
oraph. | - ,,

ifourth. If the fused metal and impurities
act as an electrolyte, then the fused metal
must be made the cathode when the impuri-
ties to be removed at the temperature used
areelectronegative elements and must be made
the anode when these impurities are electro-
positive elements. Under these last- men-
tioned conditions any electrolytic action which
may occur 1n the fused metal will facilitate
the elimination of the impurities by bringing
them to thesurface of the metal, where an ele-
ment for which they have great affinity is be-
Ing set free in a nascent state.

If the fused metal and its impurities do not
act as an electrolyte, but merely as a con-
ductor of electricity, the conditions deseribed

under theabove clause marked ** Fourth ”” need -

not always be observed; but in a majority of

cases the best results will be reached by gener-

ating 1n a nascent state at the surface of the
fused metal an electropositive element when

the impurities to be removed are electronega-

tive and an electronegative element when the

impurities to be removed are electropositive.

I am aware of the use of fused slags in elec-
tric furnaces in which the fused metal is made
one pole and the other pole is immersed in the
fused slag floating upon the fused metal, the

&5

slag being used as a resistance for the purpose

of transforming electric energy into heat and 55

also of the use of two or more poles in contact
with such slag and also of the use of electric
currents passed through the fused metal to
electrolyze and remove impurities from the
metal; but my process differs from these in
that it requires the use of a fused electrolyte
or electrolytic slag containing elements elec-
trolytically available and set free at the region

of contact of the electrolyte and metal, which

elements at the temperature used have greater
chemical affinity for the impurities contained
in the metal than for the metal to be purified,

and which elements combining with such im-

purities eliminate them from the metal. In
my. process electrolysis is not used for the
purpose of purifying or refining metal, but
as a means to efiect the generation at the sur-
iace of the fused metal of elements having at
the temperature used a greater chemical af-
finity for the impurities to be removed than
tor the tused metal, and my sole reason for
using electric energy is because this is the
only manner by which I can produce upon the
surface of the fused metal the required ele-
ments in a nascent state. My process is not
intended to recover, as such, the metal or ele-
ment which is set free in a nascent state from
the electrolyte upon the surface of the fused

metal to be purified, and when in using my

process an element is recoverable from the
electrolyte the metal or element so reduced

1s a by-product and is disengaged not at the

pole where the fused metal is being purified,
but at the other pole. -

I claim as my invention —

The process of purifying metal, which con-
sists in maintaining the metal, in a fused con-

dition, in contact with a fused electrolyte con-

taining a reagent, which, at the temperature
used, has greater chemical affinity for the im-
purities to be removed from said metal than
1t has for the metal itself; and electrolytically
disengaging said reagent at the region of con-
tact between the electrolyte and the metal.
Intestimony whereof I have hereunto signed
my name, at Philadelphia, Pennsylvania. this
1st day of June, 1905. - -
' HENRY M. CHANCE.
Witnesses: | |
JAMES H. BreL1,
Jos. C. FrarLey.
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