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INTEGRATED OPERATION OF FERRIC CHLORIDE LEACHING, MOLTEN-SALT

ELECTROLYSIS PROCESS FOR PRODUCTION OF LEAD

By M. M. Wong,'! R. G. Sandberg,? C. H. Elges,* and D. C. Fleck*

ABSTRACT

The Bureau of Mines, wunder a cooperative research program with four
lead companies, has investigated a nonsmelting process for the produc-
tion of lead metal. The process, which would eliminate sulfur dioxide
generation and minimize particulate lead emissions, involves ferric
chloride leaching of galena concentrate to produce lead chloride, fol-
lowed by molten-salt electrolysis . of the lead chloride to yield lead
metal and chlorine. This chlorine is used to regenerate ferric chloride

in the leaching solution.

The process was tested in an experimental wunit with a capacity of
500 1b of lead metal per day. The tests were performed in three 10-day
and six 5-day campaigns, during a period spanning 28 mo. The study was
carried out using a southeastern Missouri lead concentrate, Typical
lead recovery was about 98 pct. Process problems related to impurity
buildup and contrel were studied. When copper and silver impurities
were removed from the leaching solution, a 1lead metal purity of
99,999 pct was obtained., Lead-in-air levels and lead-in-blood levels of

operating personnel were monitored.

The process has potential for producing lead with minimum pollution,
but is mnot ready for commercial utilization. Operation of a prototype
commercial electrolytic cell and a full-scale pilot—-plant investigation
by industry are needed to evaluate the commercial wviability of the

process,

1Supervisory chemical engineer, Reno Research Center, Bureau of Mines,
(retired).

2chemical engineer, Reno Research Center, Bureau of Mines, Reno, Nev.

Salt Lake City Research Center, Bureau of Mines, Salt Lake City, Utah).
3Chemical engineer, Renoc Research Center, Bureau of Mines, Reno, Nev.
4Research chemist, Reno Research Center, Bureau of Mines, Renc, Nev.

Reno, Nev.
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INTRODUCTION

Primary lead is commercially produced
from lead sulfide concentrates by a
smelting process consisting of sintering,

blast furnace reduction, and refining.
The pyrometallurgical method is low cost
and requires relatively 1little energy,

but generates gaseous sulfur dioxide and
particulate lead, which must be con-
trolled to prevent air pollution. Be-
cause of the difficulties in meeting reg-
ulations for lead exposure, there is con-
siderable 1interest in developing an
alternative to the sintering-reduction-
refining process,

As a part of its effort to develop im-
proved technolegy for recovering metals
from domestic ores while minimizing un-
desirable enviromnmental impacts and work-
place health hazards, the Bureau of Mines
has investigated a leaching-electrolysis

method for the production of lead. The
method consists of leaching galena con-
centrate with ferric chloride-sodium

chloride solution,

NaCl
PbS + 2FeCl; » PbCl, + 2FeCl, + s,
cooling the  solution to crystallize
PbCly, electrolyzing the lead chloride in
a2 molten=-salt bath to produce 1lead metal
and chlorine,

Electrolysis
and wusing the <chlorine to regenerate
ferric chloride in the leaching solution,

Ferric chloride leaching of galena was
investigated by Christiansen in 1923
(2),5 later by Agracheva (1-2), and

T

SUnderlined numbers in parentheses re-
fer to items listed in the references at
the end of this report.

recently by Cottam (6), Baker (4), Milner
(ll), and Demarthe (7). Molten-salt
electrolysis of lead ‘chloride was re-
ported by Ashcroft in 1925 (3) and later
by Starliper (20). An integrated process
has never been developed for commercial
use, because of economics and material
corrosion problems,

The present investigation of the
leaching-electrolysis procedure for pro-
ducing lead evolved from an investigation
of ferric sulfate leaching of galena con-
centrates (14). Subsequent research on
the leaching of chalcopyrite indicated
that ferric chloride gave better results
in leaching sulfide concentrates (10, 13)
than ferric sulfate, Since lead sﬁzltiﬁg
costs increased because of new pollution

controls needed to meet environmental
regulations and since new corrosion-—
resistant materials of construction be-

came commercially available (8,
ferric chloride leaching, 1
electrolysis method for
became more attractive. A preliminary
study of the method was made in 1973
(lg), and bench-scale investigations were
performed on the leaching (12) and elec-
trolysis steps (11), followed by a pre-
liminary evaluation on the process eco-
nomics (19). The results indicated that
the leaching-electrolysis process war-—
ranted further investigations. In 1978,
four lead producers joined the Bureau
in the <cost-sharing research program
to evaluate the method on an expanded
scale (El).

15), the
molten-salt
lead production

The objective of the investigation was
to identify possible problems in an inte-
grated operation of the process, Speci-
fic areas of concern were corrosion, ma-
terials of construction, impurity buildup
in the system, operation of the electro-
lytic cell, generation of wastes, lead
levels 1in the workplace, and worker
health hazards.
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MATERIALS, EQUIPMENT,
LEAD CONCENTRATE

The two lots of lead concentrates were
obtained from southeastern Missouri, the
region that produces most of the lead in
the United States. Analyses of the con-
centrates are given in table 1, and a wet
screen analysis is presented in table 2,
The lead concentrates contained galena,
chalcopyrite, sphalerite, marcasite, sil-
ver associated with zinc, cadmium in
sphalerite, and nickel and cobalt in
siegenite. The gangue material contains
a small quantity of dolomite,

EQUIPMENT
A schematic flow diagram for the inte-
greted operation is shown in figure 1.

to treat
flotation concen-

The leaching circuit was sized
six 125-1b batches of
trate per day. The six leaching cycles
produced enough lead chloride to yield
about 500 1b of lead metal. An overall
view of the experimental unit is shown in
figure 2. The leaching section, which

occupied two levels, is located on the
right and the electrolytic cell on the
lower left,

The leaching vessel was a 400-gal,

coned-bottom steel tank lined with poly-
vinyiidene fluoride, thermally insulated
and equipped with a steam-heated tita-

nium coil and a titanium stirrer. The
concentrate was fed from a hopper by
a screw feeder 1into the tank. The
slurry was discharged through an air-
activated, straight-through, pinch-type
chleorobutyl-lined cast iron valve and

SReference to specific products does

not imply
Mines.

endorsement by the Bureau of

engineering during the initial phase of
the project and to B. P. Herve, J. D.
Marchant, B. R. Eichbaum, S. M. 0Olson,
and S, G, Moyer, also of the Bureau of
Mines, for their assistance in the opera-
tion of the experimental unit.

AND OPERATING PROCEDURE

was transferred by a spring—activated,
fluorinated-rubber-lined diaphragm pump
to a filter press. A Teflon® expansion
joint and a flexible stainless steel pipe

section with a polyvinylidene fluoride
liner were also installed in the 1line to
absorb the wvibrations of the spring-

activated pump.,

TABLE 1. - Analysis of lead
concentrates, pct

Lot 1 Lot 21
ABesesssesserssrssossnnee 0.006 0.012
ASseseeserssssstceesasseas .01 .08
CAevasnsscsssscssasassas .35 37
Cdiceeeseonssesnsasensas .02 .02
COseevvossanssavssnsonnss .04 .04
Clicecssncossasassscsaans 1.5 1.2
FEuviesseeoasanessaaceas 3.7 3.9
Nicseesocoesascessoscens .07 .06
Pbhecicssceaseasscssananns | 735 74.2
Sbhecsececenssccansscanas .002 (2)
ZNevaevenenvesassensnnra 1.6 1.6
So4ill........'.....'... 2.4 102
Total Seeessasesess | 1641 15.7

JUsed after leaching cycle 326.
2Not determined,

TABLE 2. - Screen analysis of lead
concentrate!

Size fraction, mesh? pet

Plus B5.cssenerrevenrersracasccrenne 1.4
65 by l100seeseosasscossssenossnsnns 2,1
100 by 2004 ceaussascesseseasancanae 9.8
200 bY 325ccececcscacsancsasncanrss 20.0

Minus 325.'...-..."'."'..""..'. 66.7
et screen analysis of lot 1 1lead
concentrate.

2Tyler standard sieves.
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FIGURE 1. - Flow diagram of ferric chloride
leaching, molten-salt elecirolysis process.
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The polypropylene plate and frame fil-
ter press were dressed with polypropylene
felt cloths. Hot pregnant solution from
the filter was transferred through a
chlorinated polyvinyl chloride (CPVC})
pipe to a crystallizer, which was a
400-gal, coned-bottom polypropylene-lined
steel tank equipped with a water-cooled
titanium coil and a titanium stirrer.
The slurry was discharged through an air-
activated, pinch-type fluorinated-rubber-
lined wvalve. The 1line connecting the
leaching tank, filter press, and crys-
tallizer was thermally insulated.

Lead chloride was recovered in a fiber-
reinforced plastic (FRP) vacuum pan f£fil-
ter dressed with a polypropylene cloth.
The spent solution was transferred to a
preparation tank (not shown in fig. 1) by
a magnetically driven, polypropylene cen-
trifugal pump. The preparation tank was

FIGURE 2. - Overall view of experimental unit.



a 400~-gal, coned-bottom, polypropylene-
lined, thermally insulated steel tank,
equipped with a steam-heated titanium
coil and a titanium stirrer. The crys-—
tallizer, pan filter, and preparation
tank were connected by CPVC pipes, fit-
tings, and ball valves, Liquor from the
preparation tank was discharged into a
600-gal FRP surge tank (not shown in
fig., 1) by gravity cthrough an air-
activated, polypropylene-lined, Teflon
diaphragm valve.

The surge tank was equipped with a
steam~heated titanium coil and a titanium
stirrer, A stream of solution from the
surge tank was circulated by a neoprene
flexiliner pump through a chlorination

tower, The lines between the surge tank
and the chlorinator were made of CPVC,
and the solution flow rate was measured
by an ultrascnic Doppler flowmeter

clamped on the line,

The chlorinator was a 12-in-diam by 10-
ft-high FRP tower, packed with 14 in of
J-in polypropylene saddles and 4 ft of
l-in Glitch butterflies and equipped with
a polypropylene mist eliminator and a
polypropylene spray nozzle, Chlorine
adscrption by the stripped solution was
usually more than 98 pet. To ensure that
the gas discharged to the atmosphere was
free of chlorine, another tower o¢f iden-
tical construction to the chlorinator was
connected in series with the gas stream

frcm the chlorinator and wused caustic
solution for scrubbing. The gas stream
was drawn through both towers by a l-hp

blcwer.

All the tanks in the leaching section
were covered and the fumes were vented
through a water scrubber consisting of a
l12-in-diam by 10-ft-high FRP tower packed
with 5 ft of 3-in polypropylene saddles.

The PbCl, from the pan filter was dried
in sulfon-X trays in an electric oven

with a stainless steel interior and a
horizontal air flow of 10 ft3/min. A
Burr crusher was used to break up the

lead chloride lumps and a ccned-bottom,
24-in-diam stainless steel container with
a clamp-on 1lid and a polyvinyl chloride

_Another

(PVC) ball valve at the bottom was used
to transport the lead chloride to the
feed hopper of the electrolytic cell.

The electrolytic cell construction is
shown in figure 3. The cell exterior
dimensions were 53 in long, 44 in wide,
and 30 in high. The cavity was 34 in

long, 25 in wide, and 18 in deep. The
inside walls were constructed of silica
bricks, and the 1lid was constructed of
cement and low-density aggregate. Two

graphite plate anodes, 14 by 24 by 3 in,
were threaded and were attached to two
6-in-diam graphite rods which were con-
nected to a busbar, The graphite rods
above the anode plates were protected
from air oxidation by mllite sleeves.
graphite plate, 29- by 24- by
2-in, was supported by four graphite
blocks which were partially immersed in a
pocl of molten lead metal. Under the
molten lead metal pool, a steel bar pro-
truding through the bottom of the cell
was cathodically connected to a 5,000-amp
rectifier, The anode plates and the
cathode plate were separated by 3/4-in
silicon oxynitride spacers. The surfaces
of the anode and cathode plates were
grooved with six 1/4-in-wide, slanted
channels to guide the flow of chlorine to
one side of the cell and lead wmetal to
the opposite side.

Lead chloride was added to the cell
from the feed hopper by a screw feeder.
Chlorine from the exit port was diluted
to 30 vol-pet with air through an adjust-
able draft outside the cell and drawn
through an FRP pipe to the bottom of the
chlorination tower. Chlorine from a
bottle provided a backup source when
needed and compensated for the losses of
chlorine in the exhaust from the chlo-
rination tower and extraction of metals
other than lead in the circuit. Lead
metal produced in the electrolytic cell
was siphoned through a removable Pyrex
tube connecting the cell bottom to a
vacuum chamber in which a mold was used
to collect the metal. Two removable
graphite ac heating electrodes (not shown
in fig. 3) were used to keep the electro-
lyte and lead metal molten when the cell
was idle.
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FIGURE 3. . Electrolytic cell construction.

OPERATING PROCEDURE

A 125-1b batch of 1lead concentrate
(120 1b on dry basis) was leached at
about 95° C in 300 gal of solution ini-

tially containing 73 g/l FeCls, 254 g/l
NaCl, and sufficient HCl to give a pH of

about 0.3. After a 15-min leach, the
slurry was filtered, Air was blown
through the filter cake after each fil-

tration. The residues accumulated after
three to four batches were washed with a
steam-water mixture before being removed
from the filter press. Each locad of res-

idus was washed with 20 to 30 gal of
water at 1 gal/min.

Hot pregnant solution from the filter
was transferred to a crystallizer in

which lead chloride precipitated when the
solution was cooled to about 20° C, The
lead chloride crystals were separated
from the solution in a vacuum pan filter
and washed with about 20 gal of water
followed by drying in an electric oven at

150° ¢ for 6 hr. The dry PhCl, was
crushed and placed in a portable, closed
container inside a fume hood. The con-

tainer was connected to the
of the electrolytic cell.

feed hopper

The spent solution from the pan fil-
ter was transferred to a preparation
tank, heated te 70° C, and then trans-

ferred to a surge tank. The sclution was
maintained at 70° to 75° C in the surge
tank., Some water besides the water used
in washing the residue and PbCl2
was added to the «circuit to compensate
for the water losses such as entrain-
ments in the residues and PbCl, and
vapors from the tanks and chlorination
tower,

The spent solution from the pan filter
was periodically transferred to the
leaching tank for copper and sulfate re-
moval. Copper and silver were removed
from the spent Ileaching solution with
Na,5. Enough Na,S was added to give an
oxidation-reduction potential of 260 mv
(Ag-AgCl reference electrode). Copper
and silver sulfides, precipitated as fine

black particles, were removed from the
solution by filtration in the filter
press. The sulfides were washed with

steam and water prior to being emptied
from the filter press, Sulfate was re-
moved from the spent solution with CaCl,.
About 10 1b of CaCl, was added for every
300 gal of solution at 25° C, The



precipitated C(aS0; was removed from the
solution by filtration in the filter

press. This procedure was repeated until
the sulfate was lowered to the desired
level. Prior to emptying the filter

press, the CaS0, residue was washed with
steam and water. Following precipitation
of either the copper or sulfate, the fil-
tered solution was returned to the prepa-

ration tank.

A stream of about 8 gal/min of solution
from the surge tank was constantly circu-
lated through the chlorination tower to
convert ferrous chloride to ferric chlo-
ride. A total of 450 gal of solution was
kept in the surge tank. The extent of
chlorination was determined by monitoring
the oxidation-reduction potential and/or
determining the Fet in solution with a
dichromate titration, The oxidation-
reduction potential was measured with
platinum and Ag-AgCl combination elec-

trodes, using Ag-AgCl as the reference
electrode.

Figure 4 shows the redox potential
behavior during laboratory chlerination

of a sample of the spent solution at 70°

to 75° C. The desired degree of chlori-
nation was reached at a redox potential
of 580 mv. When the desired chlorination

was obtained, 300 gal of the solution was
transferred to the leaching tank. When
needed, additions of NaCl, FeCl;, and HCl
were made to adjust the solution com-
position pH before the solution was
heated to temperature for another cycle
of leaching.

The lead chloride
controlled by

feeder, which was
a timer, added 1lead chlo-

1,100

REDOX, mv

300 1 1

° 30 €0 20
CHLORINATION TIME, min

FIGURE 4. - Redox potential during laboratery
chlorination of stripped leaching solution.

ride automatically to the electrolytic
cell, The initial bath was composed of
834 1b of salt mixture containing 25 pct
LiCl, 32 pct KCl, and 43 pct PbCl,. Heat
from electrolysis maintained the electro-
lyte temperature at about 450° €, and the
lead metal temperature was about 400° C,
The lead metal produced was periodically
siphoned through a removable Pyrex tube
connecting the lead metal pool in the
cell and the vacuum chamber. Lead metal
was collected in a mold in the vacuum
chamber,

ANALYSIS OF SAMPLES
obtained were

The analytical results

periodically cross—-checked with the lead
companies cooperating in the research
program. The methads wused to analyze

samples are listed in table 3.

TABLE 3. - Methods for analyzing samples

Sample

Element analyzed

Analytical method used

Lead concentrate and

leach residue. Ni, Bi, Li, K.

Lead chloride..cceeeeee
Electrolyte' L K K BE BN BN BE BE BN 2N J

Leaching solution.....

Lead metalovclvvtconco

Cu, Zn, Fe, Na, Ca, Cd, Ag, Mg, Co,

Phecavssceoseseseaseensescessssnscons
Total S, SOjecuiutcunsnssncsasscnnas
Cu, Zn, Fe, Na, Ca, Cd, Ag, Mg......
Total S, S04, Clecevrvresncocoscanes
Cu, Zn, Fe, Na, Ca, Mg, Ag, K, Li...
S04, Cl, Pbecssreesnsnssnnssssnncana
Pb, Cu, Zn, Fe, Na, Ca, Ag, Mg..c...
1 I

Cu, Zn, Fe, Cd, Ag, Co, Ni, Bi.eesas

Atomic adsorption.

Volumetric (molybdate),
Gravimetric (BaSO,).
Atomic adsorption,

Wet chemical,

Atomic adsorption.

Wet chemical.

Atomic adsorption.

Wet chemical.

Atomic adsorption.




RESULTS AND DISCUSSION

LEACHING
The experimental unit was operated on
an 8-hr basis and in 5- and 10-day con-
tinuous  campaigns. Altogether, 419
leaching <c¢ycles were made. After some

initial modifications no serious problems

were encountered with corrosion of con-
struction materials. A variety of com-
mercially available materials, such as
fiberglass-reinforced plastic, chlori-

nated polyvinyl chloride, polyvinylidene
fluoride, polypropylene, fluorinated rub-
ber, and titanium, withstood the cor-
rosiveness of the chloride solutions,
Choice of equipment type was limited by
the availability of equipment for the
small-scale size of the operation. More

copper, zinc, and sulfate.
zine originated from the leaching of
chalcopyrite and sphalerite, whereas the
sulfate came from PbS0, formed by oxida-
tion of PbS during storage of the concen-

Copper and

trate. For example, 1lot 1 concentrate
contained 2.4 pet sulfate when it was
obtained and this increased to 4.5 pct
over a 2-yr period.

Buildup of copper and silver in the
leaching solution ' did not adversely
affect the leaching efficiency, but re-
sulted in the contamination of the lead

chloride and consequently the lead metal,
The correlations of copper and silver in
the leaching solution and the lead metal
product are shown in figures 5 and 6.

efficient equipment for a larger scale The presence of some copper in the leach-
operation should be tested. ing solution had beneficial effects on
extracting lead from the concentrate
Table 4 shows the analysis of the and on the reaction rate of converting
leaching solution. The major impurities ferrous ion to ferrice ion during
introduced into the leaching circuit were chlorination,
TABLE 4. - Analysis of leaching solution, g/l
Cycle Date Ag As Ca Cd Co Cu Fe | Mg Na Ni Pb| Zn S0,
19..| 9/19/78 |0.01 - 1.6(0.03 - 2,6 1321 0.9 96 | 0,03 | 14 3.8 8.9
37..| 10/17/78| .02 - 1.3 .05 - 7.2 1 26| 1.6 31 21| 11 2.6 | 14,5
64es | 1/16/79 .04 | 0.08 61 07| 0.3 13.0] 31| 2.5 86 24| 10 6.0 | 19.0
811, 2/6/79 .03 - .81 - .03 [13.0] 27| 2.3 66 | - 6 5.4 16,7
98..} 2/9/79 .03 04 7y = .02 110,04 19| 2.2 90 | =~ 9 4.5116.2
119..| 2/13/79 .05 03 eS| 12 - 13.0 | 21 | 2.5 110 10| 14 7.2 | 21.3
135.. 2/15/79 .06 - 4| <15 - 15.0| 24| 3.0 | 110 | - 15 9.3 | 26.5
161..| 3/18/79 .06 | <.025 5| .19]<.,02 |19.0| 21| 3.4 | 110 - 17 | 12.0 | 25.6
182..| 3/22/79 04 - 6 .21 - 18.0| 191 4,31 110} - 12 | 12.0 ] 27.4
2022, 6/15/79 .04 | <.025 0] 22| <.025] 4.3 157 7.0 100 14l 161 14,0 | 23,0
258..1 7/10/79 .05 - - 27 .05 8.6 |30 6.0 85 .16 | 14 | 18.0 | 34.0
2693, 10/19/79| .04 - 1.1] .21 - 5.9 22| - 94 | - 13| 13,0 | 14.0
293..| 10/26/79| .05 - T $22 - 6.57124 | - 94| - 10 [ 14,0 | 23.0
302..| 11/29/79 .05 - Al W24 - 9.1 120} - 93| - - 15.0 | 18.0
325..1 12/7/79 .04 - O «22 - 4,51 17| - 84| - - 14,0 | 13.0
3324, 1/24/80 01| <025 3.5| - - B8 221 6.3 106 - - 21.0 3.0
354..] 2/1/80 01| <025} 3.8 - .05 41281 6,0 - 13| - 18.0 2.8
373..| 4/11/80 | =~ - 3.8] .24 .05 1.3 23| 4.6 15 14| 15| 15.0 2.7
400.. | 11/7/80 04| <025 3.3 .21 .05 2,0 31 6.1 14 .12 | 14 | 16,0 3.4
419.,| 1/30/81 .02 ] <,025] 3,3| .24 - 3.1137]7.6 15| - 15| 14.0 2.9
- Not analyzed.
'A 300-gal bleed was made, and NaCl concentration adjusted thereafter.

2Copper and silver were removed by precipitation with Na,5+9H,0.
3Sulfate was removed by precipitation with CaCl,.

4Removal of copper and
was used after cycle 326.

sulfate with Na,S*9H,0 and CaCl,.

Fresh lot 2 concentrate
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FIGURE 5. - Correlation of copper impunity in
leaching solution and |ead metal product.

A laboratory investigation to temove
copper from the leaching solution indi-
cated several possible methods. The re-
sults of these tests are given 1in
table 3, Although all metheds were suc-
cessful, sodium sulfide precipitation was
selected because of the efficiency and
ease of using this method. With a 4.9-g
addition of Na,S*9H,0 per liter of leach-
ing solution, the copper decreased from
19 to about 3 g/l in 10 min.

TABLE 5. - Laboratory copper

precipitaion!

Reagent Wt, g|Time,| Analysis, g/1%
min Cu Fe| Pb| Zn
Feeveaaanaa| 20 60 3.2 60| 10| 17
20 20 3.2 537 12| 15
20 5 3.1} 50 12| 14
Pbesssssess | 20 60 3.0 26| 19| 17
20 20 10.6| 22] 20| 15
20 5 17.9| 23| 161 14
Na,5°*9H,0.. 3.9 10 4.4 27| 18| 17
4.3 10 3.6 22| 15| 14
4,9 10 3.1 22| 15] 14
5,9 10 2,81 231 15} 14

- 11,000 ml leaching solution (19.3 g/l
Cu, 23 g/1 Fe2*, 15 g/l Pb, and 14 g/l
Zn,

25olution analysis after precipitation.

Zinc concentration built up
leveled off at about 15 g/l.

slowly and
Magnesium

18 T T T
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(72
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| { |
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SILVER CONCENTRATION
IN LEACHING SOLUTION, g/l
FIGURE 6. - Correlation of silver impurity in
leaching solution and lead metal product,

moderate in-
concentrations of zinc,
magnesium, and cadmium shown, there
was no apparent effect on the leaching
operation.

and cadmium also showed a
crease., At the

Sulfate ©buildup in the
tion decreased the lead
taminated
precipitate

leaching solu-
extraction, con-
the electrolyte, and formed a

in the c¢hlorination tower
that obstructed the gas and solution
flows, An analysis of a sample of the
precipitate removed from the chlorination
tower showed, in percent, 20 Fe, 9.0 Ca,
5.2 Na, 3.0 Pb, 0.48 Zn, 0.19 Cu, 36 S50,,
3.3 Cl, and 0.50 S°. When the sulfate
content of the leaching solution was
about 34 g/l, serious precipitation of
iron sulfate occurred during the crys-—
tallization of lead chloride.
with calcium

Precipitation of sulfate

chloride was effective in removing sul-
fate from the leaching solution. The
laboratory study shown in table 6 indi-

cates that the sulfate can be removed to
<0.1 g/l with calcium chloride., The pre-
cipitate after a water wash contained, in
percent, 26 Ca, 62 SO,, 0.3 Cu, 0.3 Na,
5 Pb, 0.02 Zn, and 0.8 Fe. The sulfate
level in the leaching solution of the
experimental unit was controlled at about
3 g/1 by maintaining the calcium content
at 3 to 4 g/l (table 4).
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TABLE 6. - Laboratory sulfate
precipitation!

CaCl,
addition, g

Analysis of leaching
solution, g/12

Ca u |[Fe | Pb [Na|Zn 5047

c

5.4....-‘.. 1'0 5.9 18 5.9 75 14 15
Gheenasnnns 8.5]16.0(18 | 6.8|74]14| 1.5
B eenvenveo | 24 5.1{18 | 6.7]|74] 14 .08

TInitial solution (g/1): 0.5 Ca,
19 S0,, 80 Na, 6.7 Cu, 20 Fe, 7.0 Pb,
15 Zn.

250lution analysis after precipitation.

To determine the effect of sulfate
buildup, aged lead concentrate with a
high sulfate content was used during the
early part of the investigation te accel-
erate the sulfate buildup. The sulfate
in lot 1 concentrate increased from 2.4
to 4.5 pct by aging in a 2-yr pericd.
Fresh concentrate was used after leaching
cycle 326, In an industrial operation
using a fresh concentrate, the sulfate
problem would not be as serious as that
encountered in the experimental unit.
Sulfate c¢ould be removed from the circuit
by treatment of a bleedstream with cal-
cium chloride in an industrial operation.

TABLE 7. - Analysis of

Table 7 shows the analysis of the leach
residues, Prior to analysis, the residue
samples from the filter press were re-
washed with hot water in the laboratory.
Thorough washing of the residues in the
filter press was difficult, Generally
the residue samples that were not re-
washed in the laboratory contained wup to
5 pct more lead sulfate and chloride and
up to 1 pct more copper and zinc. Thirty
pounds (dry basis) of residue was pro-
duced from leaching 120 1b (dry basis) of
concentrate, The residue contained 40 to
50 pct elemental sulfur. The remainder
of the sulfur was present as insoluble
sulfates and unreacted sulfides of iron,
copper, zine, and lead. Microscopic and
X-ray diffraction examinations of the
residues showed a major amount of alpha-
sulfur and minor amounts of pyrite,
sphalerite, chalcopyrite, covellite, pyr-
rhotite, galena, and gypsum. Sulfur
grains averaging 5 to 10 pm in diameter
occurred in the matrix of the leach resi-
due. Covellite, which was not detected
in the galena concentrate, occurred as a
coating on galena particles and galena
pseudomorphs,

leach residues,' pect

Cycle Ag Cd Cu Fe Pt Zn S0, | Total sulfur
18=2lsussscasssssensscasens | 0007 0.03 3.5 15 4.6 2.4 - 57.6
37400 csusassssscosansnsae .007 .03 2.1 14 6.l 2.3 - -
58=6leescccnsecacnscnnnsas - .04 1.2 14 8.0 1.0 4.3 61.0
77‘79-.0.-c-oono-occpooooc 0010 008 108 15 ll.O 501 - =
B9-9licesreerosscsssssssas .010 .09 2,5 13 3.0 5.3 - -

117-119¢.esecsecaccnsannnnsse .009 .08 2.0 12 2.5 5.0 - -
132-134c0ereesccerrasaseons .005 .02 1.1 9 6e2 l.6 - -
159-164c.cecenenensnnnansne .005 - 1.8 10 7.6 2.5 5.7 59.8
176-18lecsecescsansssccenas »005 .04 1.7 11 7.3 2.4 65 58.8
212-2]15cceetercnanssscnnsan - .04 4.0 9 37.0 3.7 - -
254-257 s avevrevensnnnanrns .007 .07 1.9 10 9.6 5.2 5.1 59.7
270-290c0cecssasssscscncnsns - .05 1.9 10 13 3.0 7.8 51.0
303-326u00cccasacscascancsen - .07 4.6 9 17 4.9 6.6 -
332-352c00eersrossssonneanes - - 2.4 12 32 1.6 - -
356=373c0e0vsvsaransssscases .008 .02 - 13 14 1.6 5.4 56,6
399-400.0ceseenscnsasnscsas ,009 - 1.4 14 2.1 3.8 4.5 -
402-419.0cienncssnsascsnnne 01 .07 2.3 19 7.9 4.3 4.8 -

- Not analyzed.

1A1ll samples taken from filter press and rewashed with hot water in
cept samples from c¢cycles 18-21 and 37-40, which were not rewashed.
percent, 0,08 As, 0.14-.54 Ca, 0.13-,20 Co, 0.14-.30 Ni,

contained, in

laboratory ex-
The residues also
and 0.03 Sb.

Fresh lot 2 concentrate was used after cycle 326.
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Elemental sulfur could possibly be re- TABLE 8, - Metal extraction, ' pct
covered from the residue by filtration at
temperatures above the melting point of Cycle Ag Cu Pb Zn
sulfar and with steam or organic solu- 18-21.ceeeecnseee. | B4 32 98 56
tions. A mixed sulfide concentrate for 37-400yeevenvanees | 69 66 98 65
subsequent recovery of the metal values 58=6lissvecsvsnces | — 80 97 50
would be obtained. Another possible 77-79cieeicanaaana| 32 58 95 0
method to recover the sulfur value would 89-91.....c00s00e.| 53 59 99 18
be to burn the residue to produce sulfur 117-119% s seeanseees | 62 70 99 30
dioxide to manufacture sulfuric acid and 132-134. . cicianenes | 74 80 98 73
a mixed oxide for subsequent recovery of 159-164...cc0vee...| 80 73 98 65
the metal values, 176=18luesvenesnnees| 76 71 98 61
212-2150.0ennnnsans | = 0 82 13
Metal extractions based on the analysis 254-257 s inraannna | 97 67 97 16
of the laboratory-washed leach residues 270-290.0ccessecons| ~ 59 96 51
are shown in table 8. The lead extrac- 303-326ccescccensse| — 27 94 17
tion was usually about 98 pct before the 332-352. it cinnccana| — 3 87 15
start of removing copper from the leach- 356-373,.¢0veeeesss| G4 - 95 59
ing solution by precipitation with NajsS 399-400.0cecscsccans | 72 80 99 69
(cycle 202). Subsequently, the lead 402-419. . ciinssnanal| 45 27 97 16

extraction began to decrease, When the — Not analyzed.

iron content of the leaching sc¢lution was 'Based on laboratory washed leach
increased to 30 g/l or higher after cycle residue.

373, the lead extraction returned to the
98-pct level. Extractions of copper,
zine, and silver were higher than those
obtained in bench-scale research (15), in
which better control of leaching time was
possible, Ferric chloride leaching can
be made selective (2), and more than
99 pct lead extraction can be obtained in
15 min (12). Additional leaching time
increases solubilization of chalcopyrite
and sphalerite. Because leaching and
filtration were performed batchwise in
the experimental unit, the contact time
between solution and concentrate was at
least 30 min, thereby increasing the ex-
traction of copper, silver, and zinc.

Lead chloride solubility was affected
by sodium chloride concentration and tem-—
perature. During 1leaching, sufficient
sodium chloride was required to keep the
lead chloride in solution, After leach-
ing, lead <chloride crystallization oc-
curred as the temperature was decreased
in the crystallizer. The lead chloride
produced was granular and had a bulk den-
sity of approximately 2.7 g/cm’. Fig-
ure 7 is a photomicrograph of the Ilead
chloride crystals. FIGURE 7. - Lead chloride crystals.
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TABLE 9. - Analysis of lead chloride, ppm

Cycle Ag Ca Cu Fe Mg Na Zn 50,
17-20cceesnacesss | <10 - <20 120 - 180 60 -
57-59ccensescesss | K10 82 - 50 - 130 <20 3,200
79-8liceessansneas | <10 170 <20 130 - 120 <20 2,800

115-116.cueesccases | <10 <60 <20 42 - 160 35 290
154-1600scerernensse | <10 <60 63 92 - 370 34 800
173-1750cesesesess | <10 <60 35 51 - 150 53 500
207-2121 .. eennen. <3 <60 5 34 - 110 10 170
238-243ccisencenns <3 <60 7 83 - 120 13 640
270-2932 . 00iennns <3(1,110 7 95 4 180 15 7,700
302-326ccsaaacsnas - <60 12 44 - 85 14 730
/S <3 <60 <3 80 - 150 9 160
355-373cccrsoncnss <3 <60 <3 24 5.5 g7 9 350
402-419csesnsrenne 3 <60 <3 59 9 230 18 1,500

- Not analyzed.

IStart of periodic removals of copper from leaching solution.
2Start of periodic removals of sulfate from leaching solution,

As shown in table 9, the
detected in the lead chloride were sodi-
um, iron, copper, zinc, magnesium, cal-
cium, silver, and sulfate. Copper and
magnesium corresponded to the trends of
their concentrations in the leaching
solution, Sulfate and caleium occurred
together in the lead chloride and most
likely formed gypsum. Removal of sul-
fate from the leaching solution by
precipitation with calcium chloride de-

impurities

Table 10 shows the operating data of
the electrolytic cell from startup in
November 1978 to April 1980. Heat from
electrolysis maintained the cell at the
desired temperature. The cathode current
efficiency was lower, and the cell volt-
age was higher than those obtained in
previous bench-scale research (17). Var-
iations in cell resistance Tzhble 10)

PbCIz

creased, but did not
in the lead chloride,
relation between the
iron,
ride and their respective
in the leaching solution
caused by batch-to-batch

washing the lead chloride.

ELECTROLYSIS

The 1liquidus surface

eliminate, sulfate
The lack

of cor-

concentrations
sodium, and zinc in the lead chlo-

of

concentrations
probably
variations

was

diagram of

in

the

PbClZ—KCI-LiCl system (16) (fig. 8) shows

that operation at about
a wide variation of
ticns, particularly the

the ranges of wvariation
temperature and
during the operation of

PbCl, .

450° C permitted
electrolyte composi-

Within
of electrolyte

compositions encountered
the electrolytic
cell, the electrolyte was always fluid,.

LizClp

(300}

(6086°)

FIGURE 8. - Liquidus diagram of the PbCl,-
LiCl-KCl system (temperatures in degrees Cel-

sius and compositions in mole-percent),



TABLE 10. - Operating data for electrolytic celll
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11/6/78-| 2/6- 3/13- [ 6/19- [10/22-"1 12/3- [1728/80-] 4/1-
1/31/79 15/79 22/79 28/79 26/79 7/79 2/1/80 11/80
Avg. current
amp.. 3,000 2,860 3,570 2,948 2,868 2,365 3,100 3,050
Avg. voltage..:V.. 5.1 4.8 4.3 4.4 4.5 5.2 4,7 4.5
Avg. electrolyte
temperature
° Cee 439 453 437 450 457 454 455 454
Avg. lead metal
Cemperature
® Cse 404 434 402 423 434 432 427 432
Avg, anode cur-—
rent density
amp/inZ,, 4.9 4.3 5.3 4.4 4,3 3.5 4.6 4,5
Avg, cathode cur-
ent density
amp/in?,, 4.7 4.1 5.1 4,2 4,1 3.4 4,5 4.4
Ampere—hours used. | 483,000 |603,500|532,500|597,500(266,353|244,496|277,715 |307,145
PbCl, added...lb.. 6,837 6,584 5,375 6,300 3,150 2,526 2,880 2,918
Lead metal pro-
duced.s.ee...1b.. 3,760 4,707 4,245 4,746 2,143 1,883 2,171 2,240
Cathode current
efficiency..pct.. 91 92 94 93 94 90 92 86
Energy requirement
kwhr/1lb lead.. 0,66 0.62 0,54 0.55 0.56 0,68 0.60 0.62

'Runs were continuous except during the period 11/6/78-1/31/79, when

was intermittent.

were
composition,
up of
sulfate.
could result
lyte density,
tension, This
fraction and
bles, with
resistance,
nificant
lyte could
of lead
crease

The

also

probably due to

in the
viscosity,
could

gas fractiom
increase
and chlorine,
the current

as

change

presence
in

changes
temperature,
impurities such
The changes in bath composition
electro-
surface
affect
the anode coverage
a resulting increase

the

ia

melt

and build-

calcium

of

and
the
by
in
of a

and

gas
bub-
cell
sig-

electro-
recombination
which would de-

efficiency. Haupin

(9) reported that in aluminum processing,

bubbles on the anode and in the elec-
trolyte significantly increased the
electrical resistance of the cell and
that careful design of the anode config-
uration and adequate bath circulation
would be required to minimize this
effect,

The

ure 9.

voltage—-amperage
the electrolytic cell is plotted
The amperage
until the voltage is about 1,3 v.

the operation

relationship of

is essential

in fig-
zZero

&
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T
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T

Electrolyte temperature: 452° C

1,600

2,000
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1
3,000
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FIGURE 9. - Amperage-voitage relationship,
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TABLE 1l. - Analysis of electrolytel!

Date Pct Ppm
K Li Pb | SO, Ca Cu| Fe Mg Na Zn

12/1-15/78cseevessssnossasase 9.0| 2.1 (62| - - - 200| 11 510 | -
1/15/79ceeussosensansossasasne 7.6 2,01 49| 0.80| 1,500 16 310| - 700 | <20
P R B 6.4 | 1.4 | 56 .74 1,600 16 660 9 950 41
2/15/79 vaeseennssnsvoasnsane 6.4 1.3 | 56 .36 | 1,100 | 42 | 1,100 23 1,700 80
3/14/79 eavacscssnssaransasens 8.5 2.6 | 48| 1.52| 2,300 73| 1,100 21 2,000 | 110
3/22/79cieesscsscnannnessnses | 11.0] 3.3 | 40| 2.49| 3,400| 90| 2,100 48 1,400 | 280
6/19/79 eessssvessssnonnrsanse 6.3 2.0 54| 2,01 1,900 73 810 | 42| 8,900 | 200
6/28/79  cessensvsnassssnssnse 9.0 | 2.7 | 48 | 2.06 | 2,900 39 2,100 49 1,700 | 400
10/26/79ccusensncansessaranss | 16.8| 4.4 | 25| 6.50| 7,500 | 34| 2,400| 55| 26,000 | 400
12/77792 0 ceeennessssnnnasssen 8.8 2.0 | 47| 1,10 2,800 29 800 | 60 7,400 | 250
2/1/80uececeseronnnsocenssnns | L4,0| 2,1 | 49| 5.60| 9,300 12 110 | 34 - -
4/7/80uecuscccsnnsrsnnnsscess | 11.9]| 4.1 | 40| 6.60| 6,000 11 | 1,800| 51| 12,000 | 320
4/11/80¢eeessesnsoessanssesss | 18.2] 6.7 [ 13]9.70] 9,700 11| 2,600 66| 18,000 | 490
— Not analyzed,
1Ag was <10 ppm for all periods.
2250 1b of electrolyte was removed and replaced.

The electrolytic cell was not a proto— metal product (table 12). When copper

type. Scaleup to commercial size from
the data obtained is not practicable,
Additional development work on cell de-
sign and scaleup to a commercial cell
size is needed.

The analysis of the electrolyte is
shown in table 11. The impurity elements
that are less noble than lead, such as
Ca, Na, Fe, Zn, and Mg, increased in the
electrolyte, The Zn and Mg increased
very slowly. Copper in the electrolyte
codeposited with the lead metal and had
to be removed from the leaching solution

to prevent contamination of the lead
chloride. Sulfate in the lead chloride
feed accumulated in the electrolyte.

During the latter part of the cell opera-
tions, a layer of brownish foam, which
was high in sulfate, was observed on the
bath surface. This layer may have caused
the decrease in current efficiency re-
corded during the final electrolysis
test, Iron in the electrolyte was pres-
ent as Fe,S04 (black salt) and at the
levels encountered had no effect on cell
performance. The fluctuation 1in Pb, K,
and Li concentrations was caused by peri-
odic addition of KCl and LiCl to the
cell.

Copper and silver were the only detect-
able metallic impurities in the lead

built up in the leaching solution, a cor-
responding increase was observed 1in
the lead chloride, electrolyte, and lead
metal product., Silver behaved in a simi-

lar manner to copper. The content of
copper and silver 1in the lead chlo-
ride must be controlled to maintain a
high-purity lead product. When copper
was removed from the leaching solu-
tion, 99.999-pct-pure lead metal was
produced,
TABLE 12. - Analysis of lead metal,! ppm
Data Ag Cu
12/6/78ceteicencansarannnas <1 4,7
1/15/79 ceavanesancansascans 1.4 7.8
2/7/79seerenssasesasasenes 1.7 14
2/15/7%  eesennsonsansannnan 1.7 24
3/14/79ciiiaerccencananans 3.4 38
3/22/7% eennrorsnnarnesnnns 14 49
6/19/79 aeseassenscrnscanas <1 33
6/28/7% easssssianasarannaa <1 14
10/26/79 ceecienncancnnnces | <1 14
12/7/79 ceeeeessnsnscsnsansss <1 10
2/1/8000cerenssasesscassnnes <1 14
4/7/800sccncnsancncnnnnnne 2 7.2
4/11/8000eeenssnsssassnnsos 2 6.5
10ther impurities below detection lim-
its 1include, in ppm, <15 Bi, <0.7 Ca,

<0.8 Cd, <2.5 Co, 3 Fe, <2.5 Ni, <25 Sb,
and <1 Zn,



Figure 10 shows a material distribution
of the 1leaching-electrolysis operation
based on the data of cycles 108-136.
This was the latter part of a 10-day con-
tinuous operation before copper and sul-
fate 1impurities were removed from the
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alternating current heating electrodes
failed and caused the electrolyte to
freeze, When the cell was opened for

inspection, the lid and bricks above the
bath showed no sign of attack., Sublimate
on the lid was mostly PbCl, and contained

leaching solution. 5.3 pet sulfate. The mullite sleeves
on the graphite anode leads were noct
After more than 1% mo of electrolytic affected, Salt had penetrated 1/2 to
cell intermittent operation, one of the 1 in into the graphite, indicating that
H,0 Pb concentrate
120 125
";O 5
Fb 88
] Cu 1.8
Leach ligquor HLeoach]mgzstank in 1.9
H.0 1,920 2 ’ == Fp 4.4
e Pb 125
Pb 37 c P Ag .06
r - u 8.8
Cu 37 Ca .4
In 24.9
Zn 23 Fe 14 S 19
fe 60 o o S0, 3.1
A Ag . 166
g .16
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Na 274 Na 275
S0 56 S 19.9 Makeup
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C1 572 €1 2.0 1
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35.9 Crystaliizer 160
—_— m Y o 2
-0 5 H,0 1,880 M, 0 = fr ??E]Z
Pb 1.4 PE i23.6 3 Pb. 86.6 b 868
c -6 70 G 38.2 ” Cd <002 Cu  <.002
in 1.1 2 Zn 23.8 S,
F 38 NG F 506 NG, n .003 Zn .003
Ae : 0, Nlor Ae ° i NG Ag <.00086 ™1 Ag <.00086
cg -202 o CQ - 4 > Ca <. 0063 ca <.0063
sa " ] Na 272" ha .Cl4 Na 014
b 7 58 és 8 SOy .004 S04 .004
[P L . .
50, 2.3 00 1 571.6 Preparat10n £l 29.6 Cl 29.6
o 2 éb tank
- H.0 2,004
Pb 7
Cu 38.2
b2 7n 23.8 Pb cell
3z ‘e 60.6 electrolyte
Ag 164 834
Ca 1.0 Pb_meta) 386.6
Na 274 K 53.4
SO 66.8 Cell (1, Li 10.8
C 542 23.6 Pb 854
Cu .04
{ n .07
Surge tank* | | Makeup f\e <‘8Sg
H,0 2,964 1 2 e "9
Pb 55.5 )
s e S
Leach 11quor Do at ™ femorimation (1 29
tc succeeding cycle = e S COWEr
(2989 1b) p |48
a .
Na 411 if Ai
S0 100 Scrubber H20 Pb metal
0 855 tower 96 b~ 86.6
{ { €, 3.6 Cu .002
n <0001
. s . ﬂ 2
*4483.5 1b solution = 2989 ib in transit H.0 Ha0 Fe <.0003
plus 1494.5 1b in residerce a4 96 Ag .00014

FIGURE 10. - Material distribution for leaching-electrolysis cperation (all units in pounds).
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protection of the graphite from air
attack at the electrolyte—air interface
was effective. A salt crust on the cell
walls was observed about 3-1/2 in above
the frozen bath surface and was located
at the PbCl, feed and Cl, exit ports.,
The salt crust was 48 to 59 pet sulfate,
contained chlorides of sodium and lead,
and was formed from the foam which rose
to within 2 to 3 in of the lid. Foaming
occurred occasionally during the latter
part of the cell operation. The concen-
tration of sulfate in the foam suggests
the possibility of sulfate removal by
skimming.

Core samples were taken of the bath at
different locations. Sections of the
electrolyte and graphite electrodes were

removed from one end of the cell to per-
mit dismantling of the bricks and insu-
lation for examination, The structure

of the frozen electrolyte 1is shown in

figure 11.

The bulk of the electrolyte was white;
its color became grayish at the lower

part of the cell. A zone of porous pink
salt with small voids wds observed near
the walls and in the middle of the bulk
of the electrolyte (fig. 11). Salt
in this =zone was the last to freeze be-
cause heat from the cell was dissipated
more rapidly through the electrodes
and top of the bath than through the
walls.

A layer of black salt was observed on
the top of the anode plates and on top
of the lead metal as shown in figure 1],
The black salt shcwed a higher iron
content than the white salt (<£0.5 pct
versus 190 ppm). Residue from a black
salt sample after leaching the soluble
salts was identified as Fe,0;. A small
amount of iron oxide would discolor the
electrolyte.

The electrolyte was removed from the
¢ell by leaching with hot water, The
anodes and cathode were removed for in-
spection (figs. 12 and 13, respectively),
and the lead metal was stripped to permit
examination of cell bottom brickwork.

®

Salt crust —_ |k

[ Sublimate

Electrolyte — )

1 Porous
——

pink salt

with voids

Black solt “ﬁi N

N
ANNANNNSNNY

Lead metal

FIGURE 11. - Structure of frozen electrolyte.



FIGURE 13. - Graphite cathode after operation.
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and cathode
surfaces of

on the anodes
was minimal. Although the
the anodes were roughened and the edges
slightly rounded, there was only a 1l/16-
to 1/8-in decrease in the overall thick-
ness of the anode plates. The most no-—
ticeable erosion {(about 1/4 in) took
place at the end of the grooves, where
the chlorine escaped. Wear on the graph-
ite anodes was due to two sources: reac-—
tion with oxygen from feed material and
air, and erosion from movement of the
electrclyte and chlorine gas.

The attack

Although the cathode shown in figure 13
(photograph taken before prolonged expo-—
sure to alr) indicated no sign of attack,

the upper surface crumbled after it was
removed from the cell and expcsed to
air for a few months. This suggested

that alkali metal had probably interca-
lated intc the graphite interstices. The

bottom surface of the cathode plate did
not disintegrate, and the surfaces of the
graphite anodes were not affected.

The oxynitride spacers between the
anodes and cathode showed no sign of
deterioration, and the wall bricks were
in excellent condition (fig. 14), Since
the wupper surface of the lead metal was
smooth and no accumulation of lead metal
globules occurred, a clean cathode was
maintained. The cendition of the brick-
work under the lead metal was similar to
that of the walls, No attack was appar-
ent. Salt and lead metal penetrated the
mortar joints in a few places, froze on
reaching the steel shell, and effectively
sealed the leak. No problems were
observed with materials of construc-
tion of the electrolytic cell, but the
graphite cathodes could be a potential
problem.

FIGURE 14. - Interior walls of electrolytic cell after operation,



LEAD MONITORING

Exposure of personnel to lead was moni-
tored during the operation of the experi-
mental unit, Air samples taken by sam-
plers carried by operating personnel were
used to determine lead-in-air levels.
Lead analyzers used to determine the con-
centration of lead in the air were a Ben-
dix model 44, and an MSA Drager-type
Multi-Gas Detector model 21/21. Blood
tests for lead were administered to moni-
tor lead-in-blood 1levels of operating
personnel. Figure 15 shows that most of
the lead-in-air results were <30 pg Pb/m3
of air, Figure 16 shows that the major-
ity of the blood samples contained <40 pg
Pb/100 g of whole blood. Lead monitoring
data indicated that lead exposured
associ-ated with operation of the experi-
mental unit were within Occupational

Safety and Health Administration stan-
dards. It should, however, be pointed
out that the lead wmonitoring data were

cbtained from an intermittent operation,

30

20
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.
_

30 40 a0 60
LEAD IN AIR, pg/m3

o]
n
o

FIGURE 15, - Lead-in-air monitoringe
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and 2 very small amount of lead was in-
volved compared to the quantities handled
in a commercial production plant,

The results of lead monitoring in dif-
ferent locations of the 'workplace are
given in table 13. Air samples taken
near the covered tanks, filter press,

electric oven, electrolytic cell, and the
fume hood in which the dry 1lead chloride
was handled showed that the lead concen—
tration was not significantly higher than
in ambient air. The highest lead c¢oncen-
tration of 800 pg was in the vapors in-
side the leaching tank, indicating that
all tanks should be covered and that
vapors from hot lead—-containing solutions
should be vented and scrubbed.

Analyses of the blood samples were per-—
formed by commercial laboratories and by
the Reno Research Center analytical
group. Analysis of air samples was per-
formed by the Reno Research Center ana-
lytical group.

1 e
L

LEAD IN BLOOD, ng/I00 g

FIGURE 16, - Lead-in-blood monitering,
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TABLE 13. - Lead monitoring in work areas

Sample location

6 ft above floOT.snsssrsserrvosroccnssnons
DeCKuososssssoessssesconssascsasrsanessnsce
Leaching tank, StedmMececccacssssscssssaes
Leaching tank, covered....ececeecoccvocces
Crystallizer, SteaMesecsssscenssocssssons
Crystallizer, covered.e.s.sceeeescsascusanas
. Surge tank, SL@AM...ceesssvscesssscccssnes
Surge tank, coveredicesssoarssrsrocnnsooss
Above opened filter press.ccscecscsssscns
Addition of concentrate to the feed
hopper.

PbCl, handling.cssecessceencnnnncoassanans
Electrolytic cell..eeenueeceecosccaccenns
In scrubber air stream near roof.cieeveens
Ambient air 200 yd downwind...ssecsesacss
Ambient air 1/2 mi downwind....eeceanceca

ND Not detected,

CONCLUSIONS

The process has potential for producing
lead with minimum pollution, but larger
scale developmental research by industry
is required for it to achieve commercial
utilization. Also, several technological
problems that need further attention were
identified in the investigation of the
process in the experimental unit.
and

Problem areas requiring research

development are as follows:

l. Improve the leaching methed to min-

Instrument Lead in air, | Number of
ug/m3 samples

BendiX 4bceneenss 2- 28 4
MSAsesvaressoanes <6 5
MSA. i eeeveassnnna 100-180 3
MSA.eeeescoscaancs ND 1
MSAsssesvessnenss 400 1
MSA..etessasnnnss ND 4
MSA, BendiX...... 100-150 2
Bendix 44.c000ens 14 1
eevealOeunsaaseasns 18 3
MSA.eseesnceasccns 100 1
MBA..eiessanancann ND 3
MSAcieeeesnascanns ND 6
MSAsessessesnensns ND 2
Bendix 44...c0040 <2- 2 2
saseal0svcnasnsans | <0.3- .33 9

3. Ensure that methods for treating

the leach residue, spent electrolyte, and
waste liquid comply with Environmental
Protection Agency requirements.

4., Obtain data on the
the electrolyte such as electrical con-
ductivity, density, viscosity, and sur-
face tension, so that the <cell behavior
can be better understood. Other elec-—
trode configurations should alsoc be
tested, as should an electrolytic cell
that 1s large enough to permit scaleup to

properties of

imize introduction of impurities in the a commercial size.
pregnant liquor.
5., 1Investigate the process on a con-

2. Improve the methods for remov- tinuous pilot plant scale to obtain en-
ing copper, sulifate, magnesium, calcium, gineering, cost, and lead exposure data
and possibly =zinc from the pregnant and to evaluate the technology for a com-
solution. mercial plant.
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