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METHOD OF RECOVERING LEAD THROUGH
THE DIRECT REDUCTION OF LEAD CHIL.ORIDE
BY AQUEOUS ELECTROLYSIS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention generally pertains to the re-
covery of metals from compounds thereof through
electrolysis. More particularly, the invention relates to 10
the direct reduction of lead chloride to lead metal
through electrolysis with an aqueous electrolyte.

2. Description of the Prior Art

The industrial production of lead is generally
achieved through conventional smelting methods. 15
However, the use of lead smelters present serious envi-
ronmental problems because they pollute the air
through sulfur oxide and lead emissions.

An alternative method for lead production has been
the use of fused-salt-electrolysis of lead chloride. While 20
this method is effective, the cost of the necessary equip-
ment and installation is relatively high. Moreover,
greater degrees of technical knowledge and skill are
required to operate and maintain fused-salt electrolytic

cells. 25

SUMMARY OF THE INVENTION

The present invention comprises an improvement
over existing technology with respect to the recovery
of lead from compounds thereof. This is achieved by 30
utilizing an electrolytic cell containing an aqueous elec-
trolyte wherein lead chloride in solid form is placed in
direct contact with a cathode plate so that, upon the
application of current, direct reduction of the lead chlo-
ride to metallic lead on the cathode plate is realized. A 35
variety of aqueous electrolytes, including HCIl, NaCl
and NH4Cl! may be utilized.

In a preferred embodiment, the aqueous electrolyte
may comprise the filtered solution derived from the
leaching of galena concentrates with ferric chloride. 40
This electrolyte essentially includes a slurry of ferrous
chloride in solution and lead chloride precipitate, the
latter forming the precursor compound for reduction to
metallic lead. The ferrous chloride is converted through
electrotlysis to ferric chloride which is then recycled to 45
leach additional concentrate. Sodium chloride may be
added to the leach solution to increase the solubility of
lead chloride therein.

It is an object of the present invention to provnde a
simple and efficient method for recovering lead from 50
compounds thereof.

It is another obJect of the invention to prov1de a
method of recovéring lead from lead chloride with a
minimum of adverse effect on the environment.

It is yet another object of the invention to provide a 55
method of electroiytlcally recovering lead from com-
pounds thereof which is comparatively economical to
practice and may be readlly understood and utilized by
those of ordinary skill in the art.

Other objects, features and advantages of the inven- 60
tion will be apparent from the following description of
specific embodiments thereof, with reference to the
accompanying drawing Wthh‘rfOTmS a part of the speci-
fication.

BRIEF DESCRIPTION OF THE DRAWING

The single FIGURE of the drawing depicts a sche-
matic representation of a system that may be utilized for
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the practice of the invention wherein the electrolyte is
derived from solution used to leach lead compounds,
with the spent electrolyte being recycled back to the
leaching stage.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

With reference to the drawing, there is shown a sys-
tem wherein the practice of the present invention may
be accomplished for the production of lead from galena
(PbS) concentrates.

A leach tank 1 having an appropriate agitation device
3, in the form of a stirrer or the like, receives galena
concentrates and leach solution therein. The leach solu-
tion essentially comprises ferric chloride (FeCl3) and
sodium chloride (NaCl). The ferric chloride serves as
the active leaching agent for deriving lead chloride
(PbCly) from the galena concentrate. The sodium chlo-
ride is provided to increase the solubility of lead chlo-
ride in the aqueous leach solution. If necessary, the
leach solution may be further acidified with hydrochlo-
ric acid (HCI).

Leaching of the galena concentrate in tank 1 is
achieved at a temperature of approximately 95°-100°
C., thereby producing a first slurry which comprises
ferrous chloride (FeCly), lead chloride and sodium
chloride in solution, with free sulfur and gangue in
suspension. This first slurry is directed to a filter 5
which separates the sulfur and gangue from the slurry
and isolates a pregnant solution comprising ferrous
chloride, lead chloride and sodium chloride. This preg-
nant solution is then directed to a crystallizer 7 wherein
it is cooled down to approximately 25° C., or about
room temperature. During cooling, the lead chloride is
precipitated out of solution and forms a second slurry
with the ferrous chloride and sodium chloride, the latter
compounds still being maintained in solution. This sec-
ond slurry is sent from crystaltizer 7 to an electrolytic
cell 9 wherein the solid lead chloride serves as the pre-
cursor lead compound for reduction to metallic lead
and the ferrous chloride-sodium chloride solution
serves as the aqueous electrolyte.

Cell 9 includes a chamber 11 within which are dis-
posed a cathode 13 and an anode 15. Cathode 13 is
preferably in the form of a graphite plate that can be
secured to the bottom of chamber 11. A graphite rod 17
is attached to cathode 13 and rises vertically therefrom
for connecting cathode 13 to a direct current source.
Rod 17 is enclosed within a tubular protective sleeve 19.
The lower end of sleeve 19 abuts against the upper
surface of cathode 13, while the upper end of sleeve 19
extends beyond the surface of an electrolyte bath 21
contained within chamber 11. Anode 15 may also be
formed of graphite material and is preferably of a planar
configuration. Since cathode 13 is supported in a sta-
tionary manner on the bottom of chamber 11, it is desir-
able to adjustably support anode 15 so that its spacing
with respect to cathode 13 may be varied.

As indicated, the second slurry being sent into cham-
ber 11 from crystallizer 7 comprises precipitated lead
chloride in a solution of ferrous chloride and sodium
chloride. The lead chloride is received at the bottom of
chamber 11 and forms a layer 23 which is disposed in
direct contact with cathode 13.

Chamber 11 preferably includes a porous diaphragm
25 which serves to partition off the interior of chamber
11 and define an’anolyte compartment 27 and a catho-
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lyte compartment 29. Compartments 27 and 29 are iso-
lated from each other, with communication therebe-
tween being achieved solely through the. porosity of
diaphragm 25, the latter being made from any material
well known in the art and found suitable for the in-
tended purpose of this invention. Such materials include
nylon, asbestos, paper, ceramics and various polymers,
including polyvinyl chloride, polyethylene, polypro-
pylene chloride, Teflon, and the like.

The second slurry, comprising solid lead chloridein a
solution of ferrous: chloride and sodium chloride, is
directed into catholyte compartment 29 wherein, dur-
ing electrolysis, direct reduction of lead chloride 23 to
metallic lead on cathode 13 is achieved, with the ferrous
chloride being simultaneously converted to ferric chlo-
ride. By virture of the semipermeability of diaphragm
25, the resulting ferric chloride is maintained within
anolyte compartment 27, along with the sodium chlo-
ride in solution, from which it may then be removed and
recycled back into tank 1 for leaching additional galena
concentrates. Diaphragm 25 thus functions to confine
the ferric chloride within anolyte compartment 27 and
prevents it from entering into catholyte compartment
29 wherein it not only attacks the metallic lead prodict,
but also lowers the overall current efficiency of the
electrolytic process.

Electrolysis with the described system is achieved at
a temperature of approximately 25° C., or room temper-
ature, and produces the following reaction at the cath-
ode:

PbCl3+2e— =Pb(metal)+-2Cl —
The following reactions also occur at the anode:

2C1~ =Cla(gas)+2¢—

2FeCly + Chy(gas)=2FeCl3

Though the system shown in the drawing and de-
scribed above comprises a preferred embodiment of the
invention, it is understood that various modifications of
this system are entirely possible while still maintaining
the essential aspects of the invention. For example,
other electrolytes may also be utilized and cell 9 can be
structurally altered or operated in a batch manner. It is
also possible to eliminate crystallizer 7 and send the hot
pregnant solution from filter 5 directly into cell 9. In
this situation, cooling of the solution to room tempera-
ture so that lead chloride can be precipitated must be
effected within chamber 11 prior to initiation of elec-
trolysis.

In order to provide a fuller understanding and appre-
ciation of the objects and advantages of the invention,
several examples and comparative data will be shown,
with the same being intended as purely illustrative and
in no manner limitative of the invention.

These examples were conducted while utilizing an
electrolytic cell that consisted of a 1000 milliliter beaker
containing a l-inch diameter vertical graphite anode
and a cathode assembly made up of a %-inch thick
graphite plate cemented into the bottom of a truncated
800 milliliter beaker. A §-inch graphite rod protected by
a glass sleeve was provided for connecting the cathode
to the direct current source. In all tests, 35 grams of
solid lead chloride were placed on the cathode plate,
forming a layer approximately % inch thick. 800 milli-
liters of solution were then added and electrolysis was
performed under various conditions of bath composi-
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tions, temperatures, current densities, and -electrode
spacings. Each test: was continued for 5 amp-hour,
which is equivalent to converting about 75% of the lead
chloride to. metal. After electrolysis, the deposit was
washed, dried, and melted at 450° C. under a sait cover
(for example, a LiCIl-KCl eutectic mixture), thereby
coalescing the lead crystals into a bucket.

EXAMPLE 1

A series of tests were conducted with various electro-
lyte compositions utilizing a cathode current density of
15 amp/sq.ft., a temperature of 25° C., and an electrode
spacing of one inch. The results of these tests demon-
strate the effect of electrolyte composition on current
efficiency and energy requirement of the system, which
results are shown below in Table 1.

Table 1
Concen- Cell Current Energy
tration, voltage, efficiency, requirement,
Electrolyte (wt-pct) (V) (%) (kwhr/Ib)
HCi 1.0 2.61 90.8 0.336
3.0 2.14 94.0 266
5.0 2.05 92.5 259
7.5 1.99 96.6 241
10.0 1.98 95.5 239
12.5 1.91 95.8 .233
15.0 1.95 96.7 236
17.5 191 96.2 233
20.0 1.91 96.0 232
NacCl 1.0 4.15 93.9 517
3.0 3.1 95.3 .382
5.0 2.70 95.4 .33t
75 2.52 96.8 .305
10.0 2.37 97.0 .286
12.5 2.31 97.6 277
15.0 2.26 97.2 272
17.5 2.23 97.8 267
20.0 2.20 97.6 264
NH4Cl 1.0 3.39 94.9 418
3.0 2.61 92.3 333
5.0 2.37 91.4 .304
7.5 225 94.3 279
10.0 2.17 93.8 271
12.5 2.12 92.9 267
15.0 2.05 90.3 .266
17.5 2.02 94.4 .251
20.0 2.00 90.5 .259
EXAMPLE 2

A series of tests were conducted at various tempera-
tures, utilizing an electrolyte concentration of 209 by
weight each of HCI, NaCl, and NH4Cl, with a cathode
current density of 15 amp/sq.ft., and an electrode spac-
ing of one inch. The results of these tests demonstrate
the effect of temperature on current efficiency and en-
ergy requirement, which results are shown below in
Table 2.

Table 2
Ceil Current Encrgy
Temperature  voltage, efficiency, requirement,
Electrolyte C) V) (%) (kwhr/1b)
HCI 25 1.91 96.0 0.232
50 1.80 91.4 231
75 1.73 87.7 230
NaCl 25 2.20 97.6 204
50 1.94 96.2 236
75 1.82 96.4 222
NH;Cl 25 2.00 90.5 259
50 1.84 96.3 224
s 1.76 96.0 214
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EXAMPLE 3

A series of tests were conducted at various cathode
current densities while utilizing an electrolyte concen-
tration of 20 weight percent, temperatures of 25° C. for
HC1 and 75° C. for NaCl anid NH4Cl, and an electrode
spacing of one inch. The results of these tests show the
effect of current density on current efficiency and en-
ergy requirement, which results are tabulated in the
following Table 3.

‘Table 3
Current Cell Current Energy
density, voltage, efficiency, requirement,
Electrolyte  (amp/ft?) ) (%) (kwhr/1b)
HCI 15 1.91 96.0 0.232
(25° C.) 75 2.47 95.2 304
150 3.04 86.6 411
225 3.40 86.9 458
300 3.85 77.9 .578
525 4.48 69.9 745
750 5.60 62.0 1.060
NaCl 15. 1.82 96.4 222
(75° C) 75 2.60 93.7 .325
: - 150 3.58 93.4 449
225 4.18 87.8 .557
300 493 87.2 .662
525 6.52 71.5 1.070
750 7.98 65.4 1.430
NH4CI 15 1.76 96.0 214
(75° C) 75 2.36 95.3 .290
150 291 86.8 392
225 3.57 86.7 482
300 3.99 89.9 519
525 5.02 64.7 .907
750 6.43 55.8 1.350
EXAMPLE 4

A series of tests were made with various electrode
spacings, utilizing an electrolyte concentration of 20
weight percent, a cathode current density of 15
amp/sq.ft., temperatures of 25° C. for HCl and 75° C.
for NaCl and NH4Cl. The results of these tests demon-
strate the effect of electrode spacing on current effi-
ciency and energy requirement, which results are
shown below in Table 4.

Table 4
Electrode Cell Current Energy
spacing, voltage, efficiency, requirement,
Electrolyte (inches) (v) (%) (kwhr/1b)
HCI 0.5’ 1.84 93.4 0.237
(25° C)) 1.0 1.91 96.0 232
2.0 1.91 95.8 233
3.0 1.98 94.3 246
4.0 2.04 93.2 256
NaCl S5 1.75 97.6 210
(75° C) 1.0 i.82 96.4 222
2.0 1.89 97.6 227
3.0 1.98 97.8 239
4.0 2.14 95.9 261
NH4Ct .5 1.71 99.9 .200
(75° C) 1.0 1.76 96.0 .214
2.0 1.81 97.2 218
3.0 1.88 97.0 227
4.0 1.98 96.2 241
EXAMPLE 5

A series of tests were made with the leach solution
from ferric chloride-brine leaching of galena concen-
trate as the electrolyte. The hot pregnant solution was
cooled to room temperature to precipitate out as much
PbCl: as possible. After precipitation, the liquor con-
tained approximately 95 grams/liter FeCl,, 230 grams/-
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6
liter NaCl, and 25 grams/liter PbClz. Electrolysis was
conducted at 25° C. The results of these tests as shown
in the following Table 5 indicate the effect of current
density on current efficiency and energy requirement,
while using leach solution as the electrolyte and a one-
inch electrode spacing at various current densities.

Table 5

Current Cell Current Energy

density voltage efficiency, requirement,
(amp/fi2) ) (%) (kwhr/1b)

15 2.13 67.2 0.370

75 3.70 77.4 .559

150 5.02 86.9 678

225 5.70 75.9 .870

300 6.68 75.3 1.040

525 8.97 72.5 1.450

750 11.60 66.3 2.050

EXAMPLE 6

Tests were conducted under the same conditions as
EXAMPLE 5 while utilizing a current density of 15
amp/sq.ft. and various electrode spacings to demon-
strate the effect of electrode spacing on current effi-
ciency and energy requirement while using leach solu-
tion as the electrolyte. The results of these tests are
shown below in Table 6.

Table 6
Electrode Cell Current Energy
spacing voltage, efficiency, requirement,
(inches) V) (%) (kwhr/1b)
0.5 2.17 68.6 0.353
1.0 213 67.2 370
2.0 2.43 75.5 377
3.0 2.65 713 434
4.0 2.93 64.2 534

An analysis of the lead metal produced by electrolysis
of lead chloride with the barren leach solution as the
electrolyte along with ASTM specifications for corrod-
ing-grade lead, is provided below in Table 7.

Table 7
Purity of PbCly and lead product, ppm
Lead ASTM
Element PbCly Produdt Specifications
Antimony ND ND !
Arsenic ND ND <15
Bismuth ND ND <500
Chlorine — N —
Copper ND 6 <15
iron 49 3 <20
Silver ND 7 <15
Sodium 70 ND —
Sulfur 33 ND —
Tin ND ND 1
Zinc 21 4 <15

ND - not detected (<1 ppm)
'Sh + Sn = <95 ppm

The electrolysis producing the results in Table 7 was
conducted at 25° C., while utilizing a current density of
15 amp/sq.ft. and an electrode spacing of one inch. The
electro-reduction was selective, with an appreciable
amount of iron being present in the electrolyte and the
PbCl; solids, but the lead metal product contained very
little iron.

The date compiled above from the tests conducted
under the indicated EXAMPLES demonstrate that lead
metal may be produced from lead chloride by electroly-
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sis in aqueous media with wide variations in electrolyte
concentration, current density, temperature, and elec-
trode spacing. It has been determined through testing
that the preferred conditions comprise utilizing HCI,
NaCl, NH4Cl, or barren leach liquor as the electrolyte,
a temperature of about 25° C. for HCI and leach solu-
tion and about 75° C. for NaCl and NH4Cl, current
densities ranging from approximately 15-300
amp/sq.ft., and an electrode spacing ranging from ap-
proximately 3 to 2 inches.

While the invention has been described and illus-
trated with reference to certain preferred operating
parameters, those skilled in the art will appreciate that
various modifications, changes, additions, omissions
and substitutions may be made without departing from
the spirit of the invention or the scope of the subjoined
claims.

What is claimed is:

1. A method for recovering lead from galena concen-
trates comprising the steps of:

(a) leaching the concentrate with FeCl3 solution to

form a solution of PbCl; and FeCl»,
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(b) precipitating the PbCl; in the solution of FeCl; to
form a slurry of solid PbCl; in aqueous FeCl; solu-
tion,

(c) charging the slurry to an electrolytic cell contain-
ing a cathode plate, whereby the precipitated
PbCI; collects’ on the cathode plate,

(d) subjecting the precipitated PbCl; to electrolysis in
the presence of the aqueous FeCl; solution to re-
duce the PbCl; to metallic lead and convert the
FeCl; to FeCls, and

(e) recycling the resulting FeCl; solution from step
(d) to step (a) for leaching additional concentrate.

2. The method of claim 1 wherein the leaching is
conducted at a temperature of approximately 95°-100°
C.
3. The method of claim 1 wherein the electrolysis is
conducted at a temperature of approximately 25° C.

4. The method of claim 1 wherein the electrolysis is
conducted in the presence of a porous diaphragm to
isolate the FeCl> from the FeCl;.

5. The method of claim 1 wherein the FeClj; used for
leaching the concentrate includes NaCl to increase the

solubility of PbCl; in aqueous solution.
* * * * *



	Front Page
	Drawings
	Specification
	Claims

