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To all whonv it may concern: .-

Be it known that I, ANSON G. BETTS, a citi-
zen of the United States residing at L.:msmﬂ'-
burg, county of Rensselael and State of New
York, have invented certaln new and useful

'Improvements in Processes of Refining Lead,

of which the following is a specification.

- Reference may be had to the accompany-

ing drawings, and the reference characters

marked theleon which foun a palt of thls

specification. - |
Similar characters 10['61 to sumlm parts in

the several figures.

This 11‘1?0“1310]’_1 relates to improvements in-

the art or process of 1eﬁmnu‘ lead by elec-

trolysis. -
The pnnclp&l objects of my 111venuon are

to. reduce the amount of electrical energy re-

quired for the electrolytic refining of lead and
lead alloys and the separation therefrom -of
pure lead and to carry on such refining with-
out the formation of lead peroxid or other.

insoluble lead compounds on the anode dur-
ing electrolysis. |

the electrodeposited lead into such eoud1t10n
that it may be subsequently fused without

loss by mechanically compacting from time

to time during the progress of electrodeposi-
tion the electrodeposit upon the cathode.
My invention consists of the process of sub-

jecting the lead alloy as anode to an electr ic

current in a solution of a lead salt of a flu-
orin acid and simultaneously electrodeposit-
ing pure lead on the cathode.

The invention further consists in the use of -
~ a cathode comprising a metallic core coated

with lead and having greater tensile strength

subjecting the electrodeposit on the cathode
to a mechanical pressure from time to time
during the progress of eleetrodeposmon and
after the electrodeposition is concluded in
subjecting the electrodeposit tosufficient heat

toremove it by fusion from the core, all as

hereinafter more fully deseribed, and pomted
out in the claims.

By the term ‘‘fluorin acid” I mean to in-
clude all the acid-fluorin compounds of those
acid-forming elements which are less easily

separated from their solutions by electrolysis |

Othel objects of my invention are to ot

than lead is. A fluorin acid is defined as an
acld which may be derived from an oxygen
acid by the simple replacement of the oxygen

' wholly orin part by fluorin, two atoms of flu-

orin replacing one of oxygen. The fluorin
acld of silicon, for instance, may be derived
from silicic acid and water (SiO, and H,0) or
Hy,S10,; by replacing oxygen by fluorin, re-
sulting in fluosilicie acid, (H,SiF;.) I have
ascertained by experiment that a solution of
a lead salt of such an acid constitutes an elec-
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trolyte which can be used for the electrolytic

refining of lead with the consumption of a
small amount of electrical energy, the elec-
trolysis of which in electrically refining lead
will not cause the production of any lead per-
oxld on the anode and which is itself not
subject to decomposition or deterioration by
secondary electrolysis. IKurther; the lead
salts of such fluorin acids are very soluble in
water and their solutions afford electrolytes
of high conducting power. The acid flu-
orin compound of silicon or fluosilicic acid,
(H,SiF,) often called ““ hydrofluosilicicacid, g
which may be made by the simple solution
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of silica orquartz in hydrofluoric acid, is the

fluorin acid which I prefer to use 1n carrying
out my improved process. Thehydrofluosil-
icic acid may contain some silicic acid (SiO,)
without materially affecting the result, such
stlicic acid probably being in combination
with fluosiliciec acid in the form of an oxy-
fluosilicicacid, (H,SiF,0.) The equationrep-
resenting its formation would be

2H,SiF+8i0,+H,0=3H,SiF,0.

I plefm to have the eleetmlytlc solutions
strquwly acid from the presence of an excess
of fluosilicie acid, which prevents the forma-
tion of basic insoluble salts and results in a
higherelectrical conductivity. A solution of
lead fluosilicate and fluosilicie acid, in which

about half the acid is combined with lead as

fluosilicate and in which the acid and lead
salt amount together to about twenty-five
per cent., offers a resistance to the electric
current of about one and two-tenths ohms per

column of solution one inch long and one

square inch cross-sectional area. " This is be-

lieved to be much less than that of any elec-
trolyte heretofore used for the purpose.of
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~1ng power of the solutions made with it there

__ s

"reﬁmng load and offects grea,t eoonomy in

the electrical energy reqmred to carry out
the process. - |

My process of. roﬁ_mncr is espoolally a,pph-
cable to ‘“ work-lead,” ‘ﬁhl(,h usually eontains

‘such substances alloyed with it as gold, sil-

ver, copper, antimony, arsenic, sulfar, bis-

muth nickel, iron, zine, and tin.

In a.ddl'tl{)ll to the comparatwo cheapness .
of the fluosilicie acid, its stability under the

oleotrolytlc 1nﬂuenoo and the high conduct-

is. another advantage in its use not possessed
by any acid hitherto used as the basis of an
electrolyte, due to the nature of the chemical

- reactions taking place at the anode.

Lead has a great tendency to form peroxid

- under oxidizi-ng influences, such as the influ-

20

~exteutin weakly-acid solutions.

ence of an electriccurrent on orin the neigh-

borhood of the positive electrode or anode.
This tendency manifests itself most strongly
in alkaline solutions and to a considerable

Opposed to
this tendency is the other one of lead oxid to
form salts with -acids due to the basicity of
this oxid. Considering the lead on the anode

- by an electrochemical theor'y, oxygen is there

~evolved by electrolysis and combines with
- lead to form lead oxid, and this substance be-
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. 1ty, as the production of lead peroxid is very
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- carried on with solutions of such salts.

Ing in an oxidizing zone will either combine
with more oxygen to produce the insoluble

peroxid or with the acid present to form a

salt. Therefore the more acid the character
of the electrolyte the greater the tendency of
the lead to go into solution properly. With
chlorids or solations containing fluorin acids
the action is properly not ¢ oxidizing,” but
1t amounts to the same thing. The use of a
strong acid as the basis of an electrolyte is
highly desirable in refining lead- by electric-

unfavorable to the refining operation. The

formation of peroxid requires the consump-
tion of electrical energy and diminishes the

supply of lead in the solution, as lead con-

tinually deposits on the cathode whether it

dissolves at the anode or not, which impover-

ishment would very soon rendor the solution
Did the common strong acids—sul-.

useless. _
faric and hydrochloric—form solublo lead
salts, the refining of lead would probabl_y.bo
- The

- other common strong acid—mnitric acid—pro-
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duces a sufficiently soluble salt; but the oxi-

dizing influence of the current w1th a solution
of such a salt is so enhanced by the oxidizing
action of the acid itself that lead peroxid is
easily separated from such a solution. Solu-

‘tions containing lead acetate have been used
as olootrolvtes, but the weakness of acetic

acld, combined with its susceptibility to con-
tinuous oxidation by the peroxid formed and
its decomposition by secondary electrolysis,
and the low-conducting powerof acetate solu-
tions have proven great obstacles in its use.

Not only is there loss of acetic acid by electro- |

lytic decomposwlon and oxidation, but suoh

peroxid.

679,824

decomposition requires the expenditure of

extra electrical energy. I have ascertained
that the great acidity of the fluorin acids
of oloments such as silicon, boron, and ti-
tanium is sufficient to prevent any forma-

1 tion of lead peroxid at the anode, for in a
large number of experiments I have never

boen able to discover the presence of the
I have been able to carry on con-

tinuous electrolysis with a difference in po-
tential between anode and cathode of from

j eight to ten hundredths of a volt—about one-

fifch of that required to send the same current
strength per unit cross-sectional area through
the same thickness of a layer of an eleotro-
lytic solution of the best acetate compound—
double lead potassium acetate—requiring,

consequently, about one-fifth the amouot of

‘power to do the same work.

- After the process of electrodepositing lead
upon the cathode has gone on for some time
the metallic lead so deposwod assumes a
loose, rough, and uneven forim and crystals
of lead may plogoo‘o from the mass oufhuently

to reach from the cathode-surface to its neigh-

bormﬂ' anode-surface, forming “brldﬂ'es” or

oonneotlons” which oonnoot_ them and
make a short circuit. Should the bridging
or connections become complete, the process
would be interrupted before the cathode re-
ceived the desired amount of deposit. I over-

| come this difficulty by subjecting the deposit

on the cathode to mechanical pressure,which
compacts the deposit without 'r'emoving any
part from the cathode and gives it a smooth
and brilliant surface. For the reason that

lead deposits more densely on a smooth than
on a rough surface this compacting operation

serves tho double purpose of preventing the
surface from becoming rough enough to favor

‘the formation of b'ridges or projecting Crys-

talline connections and of making the deposit

compact enough for subsequent fusion with-

out loss from the formation of dross. Should
bridges or connections have been formed,
the pressure will reduce the same to approxi-
mately the level of the smooth surface. Since

the deposited lead is very pure and clean,
free from hydrogen and other gases and pro—

tected from the air by the solutlon the sur-
faces of the lead crystals-are kept porfeohly

tallic snbstances by the acidity of the solu-
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free from dross or other earthy or non-me-
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tion, and the crystalline mass of soft lead is .

chanﬂ‘ed by moderate pressure into a sound,
denoo and homogeneous mass by the inner

| surfaces of the erystals uniting together and

the flowing of the lead to form sohd metal.

The rotﬁning process is continued after the

mechanical pressure has been applied with
as good results as with a fresh cathode, and
the pressing operation may be repeated as
frequently as desired until a sufficient load
has been deposited upon the cathode, after
which the cathode is removed from the solu-
tion and denuded of its deposit. Compacting

125
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‘the electrodeposited lead 1mmedlately after |
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- removal from the solution is of great im-]
. portance.
- moved in its incompact state without quickly

pressing, oxidation would soon tarnish the

If the lead so deposited were re-

surfaces of the crystals, after which the com-
pacting process would no longer be practica-
ble. Fresh lead surfaces 0X1dlze so rapidly
that on drying such & porous mass prepara-
tory to fusion oxidation would occur toa se-

rious and harmful extent. Further, the pores |

would carry awayin them CDHSldeI able solu-
tion, which would not only be lost, but result
in the production of more dross.

In carrying out my process 1 prefer to make

use of a cathode consisting of a core of metal |

whichischeaper and mnch stronger than lead
and which is not fusible except at a much
higher temperature than the fusing-point of
lead, such as iron or steel coated with lead.
The iron or steel having a much greater ten-
sile strength than lead can be made in belt,
sheetg, or thin plates,which when coated with
lead will form as good a cathode forcarrying
out my 1mp10ved process as would thicker
and heavier pieces of solid lead. By thus pro-
viding the cathodes with a core of metal that
is infusible as compared with lead the lead
which is electrodeposited thereon in carrying
out my process can be removed therefrom by
fusion—that is, by applying sufficient heat to

‘melt off the electrodeposit—without detri-

ment to the original cathode. Asa preferred
means for removing from the cathode the lead
electrodeposited thereon I pass the cathode
into melted lead and support it therein until
the electrodeposit fuses, after which the cath-

ode is removed from the melted lead, leav-

ing the electrodeposit therein. When the
cathode is removed from the bath of melted
lead, a sufficient quantity of the lead will re-
main adhering to the cathode-piece to make
a proper coating on the inner core to protect
it from the action of the acid solution and to
form a surface suitable to receive the depo-
sition of more lead derived from the anode of

lead a,lloy being treated when’ the refining

Drocess 18 1esumed
The original cathodes or any which may

have had the inner core exposed by removal

of the surface coat of lead may be prepared

for use by dipping the well-cleaned platesin
lead melted at a low temperature, on the sur-

face of which floats a layer of zinc chlorid or
other cleansing or fluxing salt, or in any
known manner.
pose of effectually cleansing the metallic sur-

face as it passes through i_nto the lead.
The relative amounts of lead fluosilicate:
~and fluosilicic acid in the solution may vary

according to the amount of work required to

be accomplished by a given expenditure of

power. Fifteen per cent. of lead fiuosili-
cate in the solution will be sufficient for all
strengths of current up to the practical limit.
When for economical reasons it 18 desirable
to have a minimum electrical resistance in

This la,yer serves the pur-

'1

Pt gy

1

as electrolytes.
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‘the solution, the pmpmtlon of fluosilicic acid

onlyshould be increased, as the acid conducts

betfer than the salt.
The porous or slimy residue leit at the

] O

anode as the lead dissolves away consists

mainly of the impurities 0110*1113,113 present.
It generally becomes gradually detached and
| f&lls to the bottom of the electrolyzing vessel

or into receptacles placed to receive 1t from
which it is collected for further {reatment.
By the term ‘“lead alloy” I include the lead

to be refined, together with all impurities or

foreign Substanees whl(,h may be assoclated

with 1t.
Agitation of the electr oly te is necessary to
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the successful practice of any electrolytic

process for refining metals using solutions
I have not shown any mech-

anism for securing such agitation, as any ot
the well-known method% may be emploved

~ In the accompanying drawings I have
shown all the apparatus necessary to enable.
any one skilled in the art of refining metals

by electrolysis to fully understand and prac-

9o

tice my improvements in the art of refining

lead, in which—
Flﬂ'me 1 is a side elevation with portions Of
some members broken away. Kig. 2isa ver-

tical cross-section of the same, tftkeu on the
I‘w* 3 1S a Cross- -

broken line 2 2 in Fig. 1.
sectional viewofone of the cathodes detached.
The vat 1 contains the solution forming the

electrolyte, which may fill the vat up to the |
dotted line 2 in Fig. 2.
-anodes 4 are suspended in the solution by
means of the projecting ears 5 and 6, which -

The calthodes 3 and

05
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rest upon the uppel edfres of the sme ‘ﬁ alls of

the vat.

- Referring. to I‘w 3 7 is the cme of 11011

and 8 the coatmn of lea,d

The vat 91is adapted to receive molten 1e:-.1,d

The vat is made of

some metal or other material able to resist
the heat of the molten lead. Vat 1 is made
of wood or other acid-proof material. The

| opposite sides of the vats are provided with
a rail 10, supported by a bracket 12, secured

to the side walls of the vats, as by screws 13.

The rails are in the form of angle-irons, the

horizontal flanges resting upon the brackets
and being secmed thereto, as by the bolts 14.

The ver tleal flanges of the oppositely-dis-
posed rails form a track adapted to support
the wheels 15 of a traveling truck 16.

This
truck is provided in its main horizontal frame

with a pair of parallel horizontal rolls 17 and

105

‘which may be poured into the vat or supphed- |
in any known manner.

IIO

II5

120

13, one of which is journaled In slide-bear-

ings 19, controlled by springs 20, which tend to
press such roll toward the othel roll. Mounted

125

upon the truck is an upright frame 21, to the
upper part of which are secured the pulleys
22, over which pass the ropes or cables 2s.

K One end of each cable is secured to the verti-
cally-movable frame 24 and the other end to
the windlass 33, supported by the main frame.

130
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- and compact sucface.

20

such frame.

The vertically- moveble frame is c-*mded by |
the uprights 25, which form a elldeway for
The vertical end members 26 |

of the movable frame are each provided at

their lower ends with an inwardly-projecting
arm 27, adapted to engage the ears of the -
L ea,thodes so that the operatlon of the wind-

- lass will lift the cathodes from the solution |
| and up between the rolls 17 and 18,and there-
by effect the mechanical pressure, hereinbe-
fore referred to, to give the cathodes a smooth
The cathodes will, un-

der the control of the windlass, pass down

‘between the rolls by gravity when returned
Whenitis desired to remove
the eleetrodepoelt by fusion, as before de-
seribed, the cathodes are. drawn up between
- the rolls by the windlass and .the truck is
then moved along its track until the rolls
are over the vat contammﬂ' the molten lead,

to the solution.

o wheleupen the cathode is leweled into the

molten lead, where it is allowed to remain.
until the fusion i is complete, after which itis

lifted by the windlass from the molten lead
and lowered again toitsoriginal positionin the

| '.eleetrelytle solution when sutficiently cool.

30

It is obvious that the mechanism may be
duplicated so that a plurality of cathodes

could be pressed or fused at the same time.
I do not desire to be limited to the use of any

specific kind ef mechanism in practicing my

- Invention.

The anodes are preferebly given a ferm by

- casting or otherw1se SIHIIIEL'L to thet of the
35

“ducing electric currents being old and well-

eaﬂahodes .
The electric eenduetere and means for pre-

| known are not shown, exeepb the conductor

0

31, which supports the anodes, and the con- |

ductor 32, which supports the cathodee These

~conductors may be copper rods restmo‘ on the

_upper edges of the Vate

o .679;8‘24 R

The rolls 17 and 18 are preferably made ef
poreelam or other acid-proof material."
It is obvious that in practicing my inven-

45

tion the form and arrangement of appemtus |

-empleyed may be vamed as desired.

~What I claim as new, and de51re to seeme

by Lettere Patent, is— =

1. That lmprovement in Lhe art of reﬁmnrr
lead by electrolysis which consists in sub;leet-
ing the lead alloy as anode to an electric cur-
rent in a solution of a lead salt of a fluorin
acid, and electrodepositing the lead on the
eathode, substantially as desecribed.

2. That improvement in the art of reﬁmnﬂ'

.lead by electrolysis which: consists in eubJeet-
ing the lead alloy as anode to an electrie cur-

rent in a solution of lead salt of a fluorin
acid of silicon and electrodepositing the lead
on the cathode, substentlally as described.

3. That improvement in the art of refining
lead by electrolysis which consists in subj ect-
ing the lead alloy as anode to an electrie cur-
rent in an electrolyte containing lead salt,
electrodepositing the lead on a cathode con-

| sisting of a metallle core comparatively in-

fusible and coated with lead, and removing

50
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such electrodeposit from the cathode by fu- |

sion, substantially as described.
4. That lmprevement in the art of refining
lead, which consists in alternately electre-

_deposwm,__,, and compacting by mechanical

pressure, lead upon a cathode consisting of
an infusible core of great tensile etrenﬂ'th
and removing the cempa,eted eleetmdepemt

~ from the cathode by fusion.

In testimony whereof I have herelmte set
my hand thls 6th day of October, 1900.

ANSON G. BETTS

Witnesses: |
~ GEo. A. MOSHER,
FRANK C. CURTIS.
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