Aprﬂ 12, 1932. J. O. BETTERTON 1,853,540

PROCESS OF DEBISMUTHIZING LEAD

Original Filed March 29, 1830

DESILVERIZED
LEAD

HEART TO 660°F

SHKIM OXIDE DROSS
BLOCKAND RIMS .
FROM PREVIOUS -
PROCESSES OA/DE DROSS
Ca Pk ALLoY
FREMOVE DROSS
1 3
: DROSS
REMOVE DROSS
¥
ISM
coor BISMUTH
DROSS
)
BLOCK AND
RIMS
3
HEAT /WID' SCRAPE
1
HEAT TO 750°F
Zn Clz SLAG
Clz GAS >
SLAG 7(’.EMOVED
¥
SLAG OF .
BATH FREE Znlly, cacly, Mg Clz
Freon
BISMUTH - INVENTOR
' Jesse O Belleréorn

BY H/S ATTORNEY

WZ/M



. PatenteduAyx{. 12, 1932

10

16

20

25

30

40

UNITED STATES

1,853,540

PATENT OFFICE

JESSE OATMAN BE&.‘TE.RTON, OF METUCHEN, NEW JERSEY, ASSIGNOR TO AMERICAN
SMELTING AND REFINING COMPANY, OF NEW YORK, N. Y, A CORPORATION OF

NEW JERSEY

PROCESS OF DEBISMUTHIZING LEAD

Application filed March 29, 1830, Serial No. 440,160. _kenewed January 8, 1932.

This invention relates to the refining of
metals and more particularly to the remoyal
of bismuth from lead. ’

The invention is especially applicable to
the removal of bismuth from desilverized
lead and provides for the substantial elimi-
nation of the bismuth therefrom. The proc-
ess is adapted for treating corroding lead,
and is capable of reducing the bismuth con-
tent thereof to less than .005%.

The invention also provides for the elimi-
nation of the debismuthizing reagents where-
by the metal of the bath may be made to
conform to refined lead specifications and
will be in a marketable condition.

The invention further consists in the new

and novel features of operation and the new’

and original arrangements and combinations
of steps in the process hereinafter described
and more particularly set forth in the claims.

Although the novel features which are be-
lieved to be characteristic of this invention
will be particularly pointed out in the claims
appended hereto, the invention itself, as to its
objects and advantages; the mode of - its op-
eration and the manner of -its organization

may be better understood by referring to the .

following description in which a particular
commercial embodiment thereof is disclosed.
It will be understood however, that the proc-
esses and the steps thereof may be modified
in various respects without departing from
the broad spirit and scope of the invention.

The drawing is a flow sheet illustrating
one form of the present. process.

In the following description and in ‘the

claims the various steps in the procéss and
the details comprising the invention will be
identified by specific names for convenience
but they are intended to be as generic in their
application ‘as the art will permit.

In accordance with the present invention
calcium and magnesium are used as reagents
for the removal of bismuth. These reagents
may be used in the form of calcium-lead al-
loys and magnesium-lead alloys or may be
combined as a calcium-magnesium-lead alloy.
The alloys may be added to the bath during
the same operation or they may be successive-
ly added and the dross produced may be sepa-

rately removed. In any case, the bulk of the.
bismuth enters the dross and is removed from
the lead. The bismuth content of the lead
is then still further reduced by selective freez-
ing, during which the bismuth. tends to enter
the solidified portions, thereby substantially

eliminating the bismuth content from the

bath. : :
Referring to the process more in detail the
bath of lead, as for example, previously de-
silverized lead, is heated to a temperature
sufficiently to make it molten, that is, between
625° K. and 700° F. and a predetermined

quantity of calcium-lead alloy is added there- .

to. ‘A high bismuth dross is then formed
which may be removed from the bath and
treated for the recovery of bismuth there-
from. A quantity of magnesium-lead allo

or calcium-magnesium-lead alloy is then add-
ed to the bath and a further quantity of dross
is formed which may also be removed and

treated for the recovery of the metal values.

The lead bath may then be cooled sufficiently
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to solidify a portion thereof, which contains

_a substantial amount of the remainder of the

bismuth. ,

Thereafter, the bath may be treated by
chlorine to form calcium and magnesium
chlorides which separate in the form of a
dross and may be removed from the bath,
leaving the metal substantially free from
these alloys. 4
- As a specific example of a manner in which
the present process may be carried out, a
quantity of lead from which the bismuth is
to be removed may be applied to a kettle and
heated to a temperature of approximately

%

660° F.. An oxide dross is formed on the -

surface of the bath and may be removed in
any well known manner. “Blocks and rims
from previous processes may then be added
to the bath, if desired, and allowed to melt
therein. o

An alloy of calcium and lead is then added
‘to the molten bath and stirred a sufficient
length of time to become thoroughly incorpo-
rated therein. ‘A calcium-bismuth-lead dross
is formed which contains a large percentage

of the bismuth ¢ontent of the bath and is re-

moved therefrom in any convenient manner.
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The bath is then maintained at a tempera-
ture of substantially 660° . and a compara-
tively small quantity of a magnesium-lead
alloy is added thereto and thoroughly incor-
porated therewith, as by stirring. A mag-
nesium-calcium-bismuth-lead dross is formed
which contains further quantities of bismuth
and materially reduces the bismuth content
of the bath. This dross may be removed and
treated in any desired manner for the recov-
ery of the metal values.

The kettle is then slowly cooled and blocls
and rims are formed from the portion of
metal which first solidifies. These blocks and
rims contain a substantial portion of the ve-
maining bismuth and leave the bath substan-
tially free from this element. They may be
removed and added to subsequent baths of
lead for further treatment in the manner
pointed out above. ) :

After the blocks and rims have been re-
moved, the kettle is again heated and scraped
to remove the metal which is solidified. The
serapings may be added to the blocks, if de-
sired. The lead now contains a considerable
quantity of calcium and magnesium which
must be removed to render the lead suitable
for market as refinéd lead. This is accom-
plished by heating the bath to a temperature
of 750° F. and adding a slag of zinc chloride
in sufficient quantity to completely cover the
surface thereof and to form a seal. Chlorine

gas is then introduced into the lead in suf-.

ficient quantity to unite with the calcium and

5 magnesium and: form calcium and magnesi-

um chlorides and if desired, to produce an
excess of lead chloride which may be utilized
in treating the bismuth drosses above men-
tioned. The slag of zinc chloride, calcium
chloride and magnesium chloride may then
be removed from the bath and the refined
lead pumped to a suitable container for sub-
sequent use. i ’

The zinc chloride slag causes the chlorides
of calcium, magnesium and lead to form a
fluid slag in which secondary reactions may

occur to accomplish selective chloridization

of the calcil_lm and magnesium. Furthermore
the formation of litharge is prevented or if

any should be formed if remains in solution .

in the fluid slag. Without the zinc chloride

a dry dross would be produced which would”

be difficult to handle and would not promote

the formation of magnesium and calcium -
- chlorides.

In a particular instance 200 pounds of cor-
roding lead containing .045% of bismuth
were treated in the above manner with cal-
cium and magnesium alloys, containing sub-
stantially .1% of calcium and .1% magnesium
with respect to the total quantity of lead in
the bath. After skimming the calcium-bis-
muth-lead-dross, the bismuth in the bath was
found to have been reduced to approximately
08%. After skimming the magnesium-bis-
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muth-calcium-lead dross, the bismuth content
of the bath was reduced to .009%. After
freezing and removing the blocks and rims,
he bismuth content of the bath was approx-
imately .004%.

Although the temperature of the bath may
be varied within limits, it has been found
that temperatures of approximately 660° F.
ave preferable for the addition of the calcium
and magnesium alloys and for the skimming
operations. For the chlorine treatment a
temperature of approximately 750° F. may
be employed. o

It is to be noted that in the above process,
although the calcium and magnesium alloys
have been added separately, they may be com-
bined if desired and added in a single step,
in which case a calcium-magnesium-bismuth-

lIead dross will be obtained. It isobvious also
that the calcium and magnesium may be

added to the bath in various forms. The lead
alloys described above have been found par-
ticularly suitable for this purpose. Also the
invention may be applied to the removal of
Lismuth from various metals and is not to be
limited to the removal of this element from
lead. ‘The entire process may be carried out
as an independent method of treating metals,
or it may be combined with other refining

processes, as will be apparent to a person
skilled in the art. :

Although the use of a magnesium-lead al-
loy was described in detail, it is to be noted
that a calcium-magnesium-lead alloy may be
used in the second stage of the bismuth re-
moval if desired. In this case the amount of
calcium which is added during the first stage
of the treatment may be correspondingly re-

“duced so that the total amount of calcium is

mot increased by the use of the calcium-mag-
nesium-lead alloy. TFurthermore, the process
can be combined as a single step in which a

suitable quantity of ‘a calcium-magnesium--

lead alloy is added to the bath to remove the
desired amount of bismuth. '

Although certain novel features of the in-
vention have been shown and described and
are pointed out in the annexed claims, it will
be understood that various omissions, substi-
tutions and changes in the several steps of
the process and in its operation may be made
by those skilled in the art without departing
from the spirit of the invention.

‘What is claimed is:

1. The process of removing bismuth from

lead which comprises heating said lead to,

form a bath; adding calcium and magnesium
to said bath,removing the bismuth as a dross
combined with said caleium and magnesitim
and removing said calcium and magnesium
by the addition of chlorine whereby a chlo-
ride dross is produced. '

2. The process of removing bismuth from-

lead which - comprises heating said lead to
form a bath, adding a calcium alloy to said
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bath to form a high bismuth dross, removing
said dross, adding a magnesium alloy to said
bath to form a second high bismuth dross,
and removing said second dross. -

3. The process of removing bismuth from
lead which comprises heating said léad to
form a bath, adding a calcium-lead alloy to
said bath to form a high bismuth dross, re-
moving said dross, adding a magnesium-lead
alloy to said bath to form a second high bis-
muth dross, and removing said second dross.

4. The process of removing bismuth from
lead which comprises heating said lead to

form a bath, adding calcium to said bath to -

form a high bismuth dross, removing said
dross, adding  magnesium to said bath to
form a second high bismuth dross, and’re-
moving said second dross. : ‘

5. The process of removing bismuth from
lead which comprises heating said lead to
form a bath, adding a calcium-lead alloy and
a magnesium-lead alloy to said bath to form
a high bismuth dross, removing said dross,
and adding chlorine to said bath to form
caleium and magnesium chlerides and remov-
ing said chlorides as a dross. » '

6. The process of treating lead for the re-
moval of bismuth: therefrom, which com-
prises melting said lead to form a bath, add-
ing a calcium-lead alloy to produce a. high

bismuth dross, removing said high bismuth

dross, adding a magnesium-lead alloy to pro-
duce a second high bismuth dross, removing
said second dross, treating said bath with
chlorine to form calcium chloride and mag-
nesium chloride and an excess of lead chlo-
ride, and removing the dross comprising
chlorides of zine, lead, calcium and mag-
nesium, whereby the lead is substantially
freed from the above metals.

7. The process of treating lead for the

removal of bismuth therefrom, which com-

prises melting said lead to form a bath,
adding a calcium-lead alloy to produce a
high bismuth dross, removing said high bis-

- muth dross, adding a magnesium-lead alloy

by
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to produce a second high bismuth dross, re-
moving sald second dross, adding a zine

chloride slag to said bath to form a seal,

treating said bath with chlorine to form cal-
cium chloride and magnesium chloride and
an excess of lead chloride, and removing the
dross comprising chlorides of zinc, lead, cal-

cium and magnesium, whereby the lead is

substantially freed from the above metals.

8. The process of treating lead for the re-

moval of bismuth -therefrom, which com-
prises melting said lead to form a bath at
a temperature of substantially 660° F., add-
ing a calcium-lead alloy and stirring to pro-

duce a high bismuth dross, removing said’

bigh bismuth dross, adding a magnesium-
lead alloy to produce a second high bismuth
dross, removing said second dross, treating
said’ bath with chlorine to form calcitm

3

chloride and magnesium chloride and an ex- -

cess of lead chloride, and removing the dross
comprising chlorides of zinc, lead, calcium
and magnesium, whereby the lead is substan-
tially freed from the above metals.

9. The process of treating lead for the re-
moval of bismuth therefrom, which com-
prises melting said lead to form a bath at a
temperature of substantially 660° F., adding
a calcium-lead alloy and stirring to produce
a high bismuth dross, removing said high
bismuth dross, adding a magnesium-lead al-
loy to produce a second high bismuth dross,

removing said second dross, heating said

metal to approximately 750° F., adding a zinc
chloride slag thereto to form a seal, treating
said bath with chlorine to.form calcium
chloride and magnesium chloride and an ex-
cess of lead chloride. and removing the dross
comprising chlorides of zinc, lead, calcium
and magnesium, whereby the lead -is sub-
stantially freed from the above metals.
10. The process of treating lead for the
removal of bismuth therefrom, which com-
prises melting said lead to form a bath at a
temperature of substantially 660° F., adding
a calcium-lead alloy and stirring to produce

.a_high bismuth dross, removing said high

bismuth dross, adding & magnesium-lead al-
loy to produce a second high bismuth dross,
removing said second dross, cooling said bath
to form blocks and rims, removing said blocks
and rims, reheating said metal to approxi-
mately 750° F., adding ‘a zinc chloride slag
thereto to form a seal, treating said bath
with chlorine to form calcium chloride and
magnesium chloride and an excess of lead
chloride, and removing the dross comprising
chlorides of zinc, lead, calcium and mag-
nesium, whereby the lead is substantially
freed from the above metals.

11. The process of treating lead for the re-
moval of bismuth therefrom, which comprises
‘melting said lead to form a bath at a tem-
perature of substantially 660° F., adding a
calcium-lead alloy and a magnesium lead
alloy to produce a high bismuth dross, re-
moving said high bismuth dross, cooling said
bath to form blocks and rims, removing said
blocks and rims, reheating said metal to ap-
proximately 750° F., adding a zinc chloride
slag thereto to form a seal, treating said bath
with chlorine to form calcium chloride and
magnesium chloride and an excess of lead
chloride, and removing the dross compris-
ing chlorides of zinc, lead, calcium and mag-
nesium,  whereby the lead is substantially
freed from the above metals. :

12. The process of refining lead for the
removal of bismuth therefrom which com-
prises melting said lead to form a bath at
a temperature of approximately 660° F., add-
ing a calcium-lead alloy to said bath to form
a calcium-lead-bismuth dross, stirring to ef-
fect an intimate contact of:said alloy while
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maintaining the temperature at approximate-
ly 660° F., removing said dross, adding a

_magnesium-lead alloy to said bath -while

maintaining approximately the same temper-
ature and stirring to effect an intimate mix-
ture and produce a lead-magnesium-calcium-
bismuth dross, removing said last mentioned

‘dross, heating the bath to a temperature of

approximately 750° F., covering the same
weth a zinc chloride slag, applying chlorine
gas to said bath to produce chlorides of cal-
cium, magnesium and lead, and to form a
dross of said chlorides and removing the
chloride dross from said bath, whereby the
metal thereof is substantially freed from the
above named elements.

18. The process of refining lead for the re-.
moval of bismuth therefrom which comprises
melting said lead to form a bath at a tem-
perature of approximately 660° F., adding-
to said bath blocks and rims from previous
processes and allowing the same to melt there-
in, adding a calcium-lead alloy to said bath

‘to form a calcium-lead-bismuth dross, stir-

ring to effect an intimate contact of said al-
loy while maintaining the temperature at ap-
proximately 660° F., removing said dross,
adding a magnesium-lead alloy to said bath

‘while maintaining approximately the same-

temperature and stirring to effect an inti-
mate mixture and produce a lead-magnesium-
calcium-bismuth dross, removing said last
mentioned dross, cooling said bath to form-
blocks and rims, removing said blocks and

5 rims .and adding the same to a subsequent

bath in the step -above mentioned, reheating
the bath to a temperature of approximately

750° F., covering the same with a zinc chloride

slag, applying chlorine gas to said bath to
produce chlorides of calcium, magnesium and
lead, and to form a dross of said chlorides and
removing the chloride dross from said bath,
whereby the metal thereof is substantially
freed from the above named elements.

14. The process of refining lead for the re-
moval of bismuth therefrom which comprises
melting said lead to form a bath at a tem-
perature of approximately 660° F., remov-
ing any oxide dross that may be formed, add- -

‘ing to said bath blocks and rims from previ-

ous processes and allowing the same to melt
therein, adding calcium to said bath to. form
a calcium-lead-bismuth dross, stirring to ef-
fect an intimate contact of said alloy while
maintaining the temperature at approximate-
ly 660° F., removing said dross, adding mag-
nesium to said bath while maintaining ap-
proximately the same temperature and stir-
ring to effect an intimate mixture and pro-
duce a lead-magnesium-calcium-bismuth
dross, removing said last mentioned dross,
cooling said bath to form blocks and rims, re--

‘moving said blocks and rims and adding the

same to a subsequent bath in the step above
mentioned, reheating the bath to a temper-

1,858,540

ature of approximately 750° F., covering the
same with a zinc chloride slag, applying chlo-
rine gas to said bath to produce chlorides of
calcium, magnesium and lead, and to form a

dross of said chlorides and removing the 7

chloride dross-from said bath, whereby the

- metal thereof is substantially freed from the

above named elements. : _

.15. The process of 'réfining lead for the
removal of bismuth therefrom which com-
prises melting said lead to form a bath at a
temperature of approximately 660° F., re-
moving any oxide dross that may be formed,
adding to said bath blocks and rims from
previous processes and allowing the same to
melt therein, adding a calcium-lead alloy to
said bath to form a calcium-lead-bismuth
dross, stirring to effect an intimate contact of
said alloy while maintaining the tempera-
ture at approximately 660° F., removing said
dross, adding a magnesium-lead alloy to said
bath while maintamning approximately the
same temperatuie and stirring to effect an in-
timate mixture and produce a lead-magne-
sium-caleium-bismuth dross, removing said
last mentioned dross, cooling said bath to form
blocks and rims, removing said blocks and
rims and adding the same to a subsequent
bath in the step above mentioned, reheating
the bath to a temperature of approximately
750° F., covering the same with a zine chloride
slag, applying chlorine gas to said bath to pro-
duce chlorides of calcium, magnesium and
lead, ‘and to form a dross of said chlorides
and removing the chloride dross from said
bath, whereby the metal thereof is sybstan-
tially freed from the above named elements.

16. The process of refining lead for the
removal of bismuth therefrom which com-
prises melting said lead to form a bath, add-
ing calcium to said bath in the form of a cal-
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cium-lead alloy whereby a calcium-bismuth- -

lead dross is produced, removing said dross,
adding a calcium-magnesium-lead alloy to
said bath to produce a calcium-magnesium-
lead-bismuth dross, removing said dross and
treating the bath to remove the remaining
calcium and magnesium therefrom.

17. The process of refining lead for the re-
moval of bismuth therefrom which comprises
melting saidJead to form a bath, adding a
calcium-magneésium-lead alloy to said bath
whereby a high bismuth dross is formed, re-
moving said dross and treating the bath with
chlorine for the removal of the calcium and
magnesium. therefrom. :

18. The process of refining lead contain-
ing bismuth as an impurity which comprises

melting said lead and forming a molten bath -

thereof, incorporating in said batlt a calcium-
yielding substance and magnesium-yielding
substance to effect the removal of bismuth as
a dross and introducing a chloridizing re-
agent in said molten bath to effect a siinul-
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bath to form a high bismuth dross, removing
said dross, adding a magnesium alloy to said
bath to form a second high bismuth dross,
and removing said second dross. - :
3. The process of removing bismuth from
lead which comprises heating said léad to
form a bath, adding a calcium-lead alloy to
said bath to form a high bismuth dross, re-
moving said dross, adding a magnesium-lead
alloy to said bath to form a second high bis-

‘muth dross, and removing said second dross.

4. The process of removing bismuth from
lead which comprises heating said lead to
form a bath, adding calcium to said bath to
form a high bismuth dross, removing said
dross, adding magnesium to said bath to
form a second high bismuth dross, and re-
moving said second dross. :

5. The process of removing bismuth from
lead which comprises heating said lead to
form a bath, adding a calcium-lead alloy and
a magnesium-lead alloy to said bath to form
a high bismuth dross, removing said dross,
and adding chlorine to said bath to form
calcium and magnesium chlorides and remov-
ing said chlorides as a dross.

6. The process of treating lead for the re-
moval. of bismuth- therefrom, which com-
prises melting said lead to form a bath, add-
g a calcium-lead alloy to produce a high
bismuth dross, removing said high bismuth

dross, adding a magnesium-lead alloy to pro-

duce a second high bismuth dross, removing
said second dross, treating said bath with
chlorine to form calcium chloride and mag-
nesium chloride and an excess of lead chlo-
ride, and removing the dross comprising
chlorides of zinc, lead, calcium and mag-
nesium, whereby. the lead is substantially
freed from the above metals.

7. The process of treating lead for the

removal of bismuth therefrom, which com-

prises melting said lead to form a bath,
adding a calcium-lead alloy to produce a
high bismuth dross, removing said high bis-

- muth dross, adding a magnesium-lead alloy

by
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to produce a second high bismuth dross, re-

moving said second dross, adding a zinc
chloride slag to said bath to form a seal,
treating said bath with chlorine to form cal-
cium chloride and magnesium chloride and
an excess of lead chloride, and removing the
dross comprising chlorides of zinc, lead, cal-

cium and magnesium, whereby the lead is

substantially freed from’ the above metals.

8. The process of treating lead for the re-.

moval of bismuth therefrom, which com-
prises melting said lead to form a bath at
a temperature of substantially 660° F., add-
ing a calcium-lead alloy and stirring to pro-

duce a high bismuth dross, removing said’

high bismuth dross, adding a magnesium-
lead alloy to produce a second high bismuth
dross, removing said second dross, treating
said bath with chlorine to form calcium

3

chloride and magnesium chloride and an ex-
cess of lead chloride, and removing the dross
comprising chlorides of zine, lead, calcium
and magnesium, whereby the lead is substan-
tially freed from the above metals. :
9. The process of treating lead for the re-
moval of bismuth therefrom, which com-
prises melting said lead to form a bath at a
temperature of substantially 660° F'., adding
a calcium-lead alloy and stirring to produce
a high bismuth dross, removing said high
bismuth dross, adding a magnesium-lead al-
loy to produce a second high bismuth dross,
removing said second dross, heating said
metal to approximately 750° F., adding a zinc
chloride slag thereto to form a seal, treating
said bath with chlorine to.form calcium
chloride and magnesium chloride and an ex-
cess of lead chloride. and removing the dross
comprising chlorides of zine, lead, calcium
and magnesium, whereby the lead -is sub-
stantially freed from the above metals.
10. The process of treating lead for the
removal of bismuth therefrom, which com-
prises melting said lead to form a bath at a
temperature of substantially 660° I, adding
a calcium-lead alloy and stirring to produce

.a_high bismuth dross, removing said high

bismuth dross, adding a magnesium-lead al-
loy to produce a second high bismuth dross,

- removing said second dross, cooling said bath

to form blocks and rims, removing said blocks
and rims, reheating said metal to approxi-
mately 750° F., adding a zinc chloride slag
thereto .to form a seal, treating said bath
with chlorine to form calcium chloride and
magnesium chloride and an excess of lead
chloride, and removing the dross comprising
chlorides of zine, lead, calcium and mag-
nesium, whereby the lead is substantially
freed from the above metals. ‘
11. The process of treating lead for the re-
moval of bismuth therefrom, which comprises
melting said lead to form a bath at a tem-
perature of substantially 660° I., adding a
calcium-lead alloy and a magnesium lead
alloy to produce a high bismuth dross, re-
moving said high bismuth dross, cooling said
bath to form blocks and rims, removing said
blocks and rims, reheating said metal to ap-
proximately 750° F., adding a zinc chloride
slag thereto to form a seal, treating said bath
with chlorine to form calcium chloride and
magnesium chloride and an excess of lead

chloride, and removing the dross compris- 1

ing chlorides of zinc, lead, calcium and mag-
nesium, whereby the lead is substantially
freed from the above metals.

12. The process of refining lead for the
removal of bismuth therefrom which com-
prises melting said lead to form a bath at
a temperature of approximately 660° F., add-
ing a calcium-lead alloy to said bath to form
a calcium-lead-bismuth dross, stirring to ef-

fect an intimate contact of said alloy while
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maintaining the temperature at approximate-
ly 660° F., removing said dross, adding a

‘magnesium-lead alloy to said bath -while

maintaining approximately the same temper-
ature and stirring to effect an intimate mix-
ture and produce a lead-magnesium-calcium-
bismuth dross, removing said last mentioned

‘dross, heating the bath to a temperature of

approximately 750° F., covering the same
with a zinc chloride slag, applying chlorine
gas to said bath to produce chlorides of cal-
cium, magnesium and lead, and to form a
dross of said chlorides and removing the
chloride dross from said bath, whereby the
metal thereof is substantially freed from the
above named elements.

13. The process of refining lead for the re-
moval of bismuth therefrom which comprises

‘melting said lead to form a bath at a tem-

perature of approximately 660° F., adding-
to said bath blocks and rims from previous
processes and allowing the same to melt there-
in, adding a calcium-lead alloy to said bath

‘to form a calcium-lead-bismuth dross, stir-

ring to effect an intimate contact of said al-
loy while maintaining the temperature at ap-
proximately 660° F., removing said dross,
adding a magnesium-lead alloy to said bath

‘while maintaining approximately the same-

temperature and stirring to effect an inti-
mate mixture and produce a lead-magnesium-
calcium-bismuth dross, removing said last
mentioned dross, cooling said bath to form’
blocks and rims, removing said blocks and
rims and adding the same to a subsequent

~ bath in the step above mentioned, reheating

40
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the bath to a temperature of approximately

750° F., covering the same with a zinc chloride

slag, applying chlorine gas to said bath to
produce chlorides of calcium, magnesium and
lead, and to form a dross of said chlorides and
removing the chloride dross from said bath,
whereby the metal thereof is substantially
freed from the above named clements.

14. The process of refining lead for the re-

- moval of bismuth therefrom which comprises

50

55

. o’
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melting said lead to form a bath at a tem-
perature of approximately 660° F., remov-
ing any oxide dross that may be formed, add-

‘ing to said bath blocks and rims from previ-

ous processes and allowing the same to melt
therein, adding calcium to said bath to form
a calcium-lead-bismuth dross, stirring to ef-
fect an intimate contact of said alloy while
maintaining the temperature at approximate-
ly 660° F., removing said dross, adding mag-
nesium to said bath while maintaining ap-
proximately the same temperature and stir-
ring to effect an intimate mixture and pro-
duce a2 lead-magnesium-calcium-bismuth
dross, removing said last mentioned dross,
cooling said bath to form blocks and rims, re--

“moving said blocks and rims and adding the

same to a subsequent bath in the step above
mentioned, reheating the bath to a temper-
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ature of approximately 750° F., covering the
same with a zinc chloride slag, applying chlo-
rine gas to said bath to produce chlorides of
calcium, magnesium and lead, and to form a

dross of said chlorides and removing the 7

chloride dross’from said bath, whereby the

- metal thereof is substantially freed from the

above named eléments. . ,

15. The process of refining lead for the
removal of bismuth therefrom which. com-
prises melting said lead to form a bath at a
temperature of approximately 660° F., re-
moving any oxide dross that may be formed,
adding to said bath blocks and rims from
previous processes and allowing the same to
melt therein, adding a calcium-lead alloy to
said bath to form a calcium-lead-bismuth
dross, stirring to effect an intimate contact of
said alloy while maintaining the tempera-

_ture at approximately 660° F., removing said

dross, adding a magnesium-lead alloy to said
bath while maintaining approximately the
same temperatuie and stirring to effect an in-
timate mixture and produce a lead-magne-
stum-caleium-bismuth dross, removing said
last mentioned dross, cooling said bath to form
blocks and rims, removing said blocks and
rims and adding the same to a subsequent
bath in the step above mentioned, reheating
the bath to a temperature of approximately
750° F'., covering the same with a zinc chloride
slag, applying chlorine gas to said bath to pro-
duce chlorides of calcium, magnesium and
lead, ‘and to form' a dross of said chlorides
and removing the chloride dross from -said
bath, whereby the metal thereof is sybstan-
tially freed from the above named elements.

16. The process of refining lead for the
removal of bismuth therefrom which com-
prises melting said lead to form a bath, add-
ing calcium.to said bath in the form of a cal-
cium-lead alloy whereby a calcium-bismuth-
lead dross is produced, removing said dross,
adding a calcium-magnesium-lead alloy to
said ‘bath to produce a calcium-magnesium-
lead-bismuth dross, removing said dross and
treating the bath to remove the remaining
calcium and magnesium therefrom.

17. The process of refining lead for the re-
moval of bismuth therefrom which comprises
melting saidlead to form a bath, adding a
calcium-magnesium-lead alloy to said bath
whereby a high bismuth dross is formed, re-
moving said dross and treating the bath with
chlorine for the removal of the calcium and
magnesium therefrom. ‘

18. The process of refining lead contain-
ing bismuth as an impurity which comprises
melting said lead and forming a molten bath
thereof, incorporating in said batlt a calcium-
yielding substance and magnesium-yielding
substance to effect the removal of bismuth as
a dross and introducing a chloridizing re-
agent in said molten bath to effect a simul-
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taneous removal of calcium and magnesium
as a dross.

19. The process of refining lead containing
bismuth as an impurity which comprises
melting said lead and forming a molten bath
thereof, incorporating in said bath calcium
and magnesium to effect the removal of bis-
muth as a dross, removing said bismuth-con-
taining dross and introducing a chloridizing
reagent in said molten bath to effect a simul-
taneous removal of calcium and magnesium
as a dross. .

In testimony whereof I have hereunto set
my hand. _

JESSE OATMAN BETTERTON.



