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PRESSURE LEACHING OF GALENA CONCENTRATES
TO RECOVER LEAD METAL AND ELEMENTAL
SULFUR

By Agnes Y. Lee,! Ann M. Wethington,2 and Ernest R. Cole, Jr.2

ABSTRACT

As part of the U.S. Bureau of Mines program to improve base metal leach systems, pressure leaching
of galena (PbS) concentrates in fluosilicic acid (H,SiF) solution was investigated. Lead extraction was
93 pct when PbS was pressure leached in H,SiF, at 95° C with 200-psig O, pressure for 40 min, using
ferric nitrate [Fe(NO,),] as a catalyst. The effects of several catalysts, O, pressure, time, and acid
concentration on leaching were determined. The purified leach solution was electrowon to recover high-
purity Pb metal. The H,SiF, used in leaching and electrowinning can be recycled continuously. A flow
diagram was proposed based on this investigation.

Elemental sulfur (S°) was recovered from the leach residue by solvent extraction. A method was also
developed for treating the final residue to segregate the important byproduct elements such as Ag, Cu,
and Zn and enable their recovery by standard commercial processes.

!Chemical engineer.
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INTRODUCTION

Hydrometallurgy offers the potential for reduced envi-
ronmental hazards compared with the present pyrometal-
lurgical smelting process. An effective oxidative leaching-
electrowinning method to recover high-purity Pb metal and
S° from PbS concentrates without S-bearing gases and Pb
emissions has been developed (7). This method consisted
of leaching PbS concentrates in waste H,SiF with hydro-
gen peroxide (H,0,) and lead dioxide (PbO,) as oxidants.
After solid-liquid separation to obtain the lead fluosilicate
(PbSiF) solution and the residue containing S°, electro-
winning of the aqueous PbSiF, solution at 35° C produced
Pb metal and H,SiF, (2-5). The H,SiF is then recycled to
leach more PbS. Sulfur is recovered from the leach resi-
due by solvent extraction.

A preliminary process evaluation of the above men-
tioned leaching-electrowinning method indicated that H,0,
is an expensive oxidant for producing Pb. Therefore, a

method for O, pressure leaching of PbS was developed to
solubilize Pb into H,SiF, solution, ithen Pb metal was
recovered from the leachate by electrowinning.

The leaching parameters investigated were pressure,
catalysts, temperature, acid concentration, and time. Since
pressure leaching solubilized more impurities into the
leachate, two methods for removing Fe, Ni, Co, Cu, and
other impurities from the leachate were studied and
compared. High-purity Pb metal was electrowon from the
purified leachates with 95 pct current efficiency.

Elemental sulfur, a commercially valuable product, was
recovered from the leach residue by solvent extraction. A
method was developed for treating the final residue to seg-
regate the other important byproduct elements such as Ag,
Cu, ard Zn and enable their recovery by standard com -
mercial processes.

MATERIALS, EQUIPMENT, AND PROCEDURES

PRESSURE LEACHING

PbS concentrates used for leaching experiments were
obtained from a Missouri Pb smelter. The concentrates
were dried, mixed, and sampled by screen and chemical
analysis () and were found to contain, in percent, 74.4 Pb,
13.7 S, 1.25 Fe, 1.1 Zn, and 0.47 Cu with trace amounts of
Ni, Co, and Ag. Seventy percent of the PbS concentrates
passed through a 400-mesh screen.

The leaching reagents were H,SiF,, O, pressure, and
distilled water. Technical grade HNO,, PbO,, H,0,,
Fe(NQ,),, Ni(NO,),, Cu(NO;),, and Zn(NQ,), were used
as oxidants and catalysts for the pressure leaching. Three
types of H,SiF, solutions—technical grade acid, waste acid
from a phosphate fertilizer company (2), and recycled
spent electrolyte—were used in the leaching experiments.
The analysis of the three solutions is given in table 1. The
recycled electrolyte also contained, in grams per liter,
1.1 Ca, 0.78 Mg. 0.015 Ni, and 0.006 Co.

Table 1.-Partial analysis of H,SIF
solution used for leaching
experiments, grams per liter

H,SiF H,SIF, Pb Fe
solutions
Technical . . 396 0.002 0.005
Waste .... 305 .020 .036
Recycled . . 157 23.8 .480

Pressure leaching experiments were conducted in a
standard Parr’ pressure reactor as shown in figure 1. This

“Italic numbers in parentheses refer to items in the list of references

at the end of this report.
Reference to specific products does not imply endorsement by the

U.S. Bureau of Mines.

1-L stainless steel reactor was modified with a Teflon
(fluorocarbon polymer) impeller and Teflon stirring shaft
to provide vigorous mixing and a Teflon dip tube to allow
O, to be introduced below the surface of the liquid. The
surfaces of the thermowell and reactor head were pro-
tected from the acid environment with printed circuit
board maskant. A 1-L glass liner in the reactor was used
to contain the corrosive leaching slurry.
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Figure 1.-Pressure leaching of galena concentrates.



Unless otherwise stated, the following procedure was
used for all tests. After the addition of 300 mL of solution
containing 160 g/L H,SiF, to the 1-L glass liner, 2 g of
PbO, and 2 mL of HNO, were added before the addition
of 30 g PbS concentrates and the desired catalyst. The
PbO, added initially with the H,SiF, supplied O, and pre-
vented the formation of hydrogen sulfide (H,S) gas (1),
and HNOQ, acted as a strong oxygen carrier (6) to enhance
the efficacy of pressurized O,. The mixture was then
placed in the autoclave, pressurized to 200 psig with O,,
and heated to 80° C. At that temperature, an exothermic
reaction caused the leaching temperature to climb rapidly
from 95° to 100° C, after which external cooling or heating
was used to maintain the temperature about 95° C for 1 h.
At the end of the hour, the reaction vessel was removed
from the heater and rapidly cooled to room tempera-
ture before opening. The reaction mixture was filtered
and washed to separate the residue from the leachate.
Elemental sulfur was extracted from the residue using a
50:50 mixture of tetrachloroethylene and kerosene at
115° C as described in a previous Bureau report (7).

H,SiF, and Pb concentrations in the leachates were
determined by titration with sodium hydroxide (NaOH)
and EDTA (disodium ethylenediaminetetraacetate),
respectively. The concentration of the impurities was
determined by atomic absorption,

PURIFICATION OF LEACHATES

Two methods for purifying pressure-leached solutions
were investigated. In both methods, reagent grade chemi-
cals and general laboratory equipment was used.

In method 1, Fe in the leachate was removed with phos-
phoric acid (H,PO,) by precipitation as an insoluble ferric
phosphate compound (7) under controlled conditions of

RESULTS AND

PRESSURE LEACHING
Recycled H,SiF

Pressure leaching of PbS concentrates with recycled
spent electrolyte resulted in a much higher Pb extraction
than leaching with technical grade H,SiF, or waste H,SiF;
as shown in table 2. Lead extraction was 93 pct for the
recycled H,SiF, compared with 40 and 69 pct for the tech-
nical and waste H,SiF,, respectively. Apparently, the
impurities contained in the recycled electrolyte acted as
catalysts during leaching.

Table 2.—Results of pressure
leaching PbS in different
H,SiF, solutions

H,SiF, (160 g/L)  Pb extraction,

leaching solution pct
Technical .. 40
Waste .. ... 69

Recycled . . . 93

pH and redox potential. The procedure used was as
follows: (1) the redox potential was increased to about
350 mV versus an Ag-AgCl (silver chloride) reference
electrode by adding H,0,, and (2) the required H,PO, was
added and the pH adjusted to 0.9 with ammonium hydrox-
ide (NFH,OH). The leachate was heated to 50° C, the pH
readjusted to 1.9, and the temperature was maintained
between 50° and 60° C for 1 h. Filtration to remove the
Fe compound was rapid. The amount of H;PO, (85 pct)
needed to react with Fe was 1.4 mL/g Fe, roughly 16 pct
more than the stoichiometric requirement. Copper was
eliminated by cementation with Pb powder.

In method 2, Pb in the leachate was precipitated with
a stoichiometric amount of sulfuric acid (H,SO,), leaving
all the impurities in the H,SiF, solution. Filtering out the
lead sulfate (PbSO,) left the solution to be recycled to
leach more PbS. The PbSO, was then reacted with ammo-
nium carbonate [(INH,),CO,] solution to form lead carbon-
ate (PbCO,). Fresh, high-purity H,SiF, or recycled
electrolyte was used to dissolve the PbCO, to generate
PbSiF; electrolyte (2).

LEAD ELECTROWINNING

Lead electrowinning experiments were performed in
PbSiF; electrolyte at 35° C and 200 A/m? current density
with PbO,-coated Ti anodes (8) and Pb sheet cathodes
using an electrowinning method developed in previous
work (3-4). Three varieties of electrolytes—the as-leached
solution, solution purified with H,PO,, and solution
purified with H,SO,~were electrowon to study the effec-
tiveness of purification methods. The leveling agent and
grain refiner added to the electrolyte were 4 g/L calcium
lignin sulfonate and 0.05 g/L animal glue.

DISCUSSION

Oxygen Pressure

The effect of O, pressure on leaching is given in table
3. The leaching solution was recycled H,SiF,. Pressure
leaching using 200 psig of O, gave the highest Pb extrac-
tion, therefore this pressure was used for the balance of
the experimental work.

Table 3.~Effect of oxygen
pressure on lead

extraction
O, pressure,  Pb extraction,
psig pct
150 .. 87.8
175 .. 90.0
200 .. 93.0
250 .. 91.6



Temperature

Previous studies (7) indicated atmospheric leaching of
PbS was an exothermic reaction, and the optimum leaching
temperature was found to be 95° C. During pressure
leaching, the reaction started at 80° C. The temperature
of the leaching slurry rose rapidly to 95° C or more. Since
temperatures above 105° C resulted in a breakdown of the
acid, often external cooling was required to prevent
overheating.

Catalysts

HNO, and several inorganic ions were investigated as
possible catalysts. The effect of HNO, in a 30-min leach
in recycled electrolyte is described in table 4. Leaching
was discontinued after 30 min because with longer time it
was difficult to distinguish between the effects of the
different catalysts. Without using HNO, in the leaching
solution, Pb extraction was only 284 pct in recycled
electrolyte. Adding 1 mL of HNO, (1.008 g/mL) was not
sufficient, while the use of 1.5 to 3.0 mL resulted in 87 to
91 pct extraction. Impurity extraction and insoluble PbSO,
formation increased proportionally with additional HNO,.
The optimum amount of HNO, was determined to be 1. 5
to 2.0 mL for each 30 g of PbS lcachcd to avoid excessive
formation of PbSO,, which is not soluble in H,SiF
solution.

Table 4.-Effect of HNO, concentration
on lead extraction

HNO, Pb Resldue
used, extraction, Weight, SO,
mL pct g pet
0 iumis 28.4 23.72 ND
1 ..., 55.0 19.64 ND
1.5 . 87.4 10.13 3.6
1. 75 87.4 9.87 4.7
2 ... 88.6 9.58 5.8
25 . 88.8 9.63 75
3 91.1 9.18 10.7

ND Not determined.

A catalyst screening study indicated that the addition of
Fe(NO,);, Zn(NQ,),, Cu(NO;),, or Ni(NO,), to the tech-
nical grade H,SiF; solution also increased Pb extraction.
In table 5, Fe and Nl were better than Cu and Zn with Fe
being the most efficient catalyst. Both Fe and Ni were the
subjects of further study.

Table 6 shows the effect of increasing amounts of Fe
and Ni ions in the solution on percent of Pb extraction as
well as an analysis of the resulting leach liquors. For these
tests, 30 g of PbS concentrates were pressure leached in
300 mL of 160-g/L technical grade acid for 1 h. Table 6
also gives the analysis of the resulting leachates, which
contained Fe, Cu, Ni, and Co as impurities.

Table 5.-Effect of catalyst on lead extraction

Catalyst Pb Leachate (0.350 L), g/L
added extraction, Ppp~ Fe Zn Cu Ni
pct
None ........ 40 176 037 025 0.10 0.02
1gZn(NO;), . .. 45 19.4 A5 243 .10 .02
1g Cu(NG,), .. 61 42.0 51 .20 47 .02
1 g Ni(NG,), ... 79 5§5.0 J7 58 .12 .69
1g Fe(NOy); ... 92.7 627 166 .70 39 .07

Table 6.—-Effect of iron and nickel lon concentration
on lead extraction

Pb Leachate (0.345 L), g/L

Addition, g extraction, Pb Free Fe Cu Ni Co
pet H,SIF

Fe(NO,),:
025 .. 89.8 626 736 099 0.26 0.059 0.034
050 .. 92.7 656 69.2 1.19 .33 .061 .036
1.00 .. 92.7 656 69.1 134 .35 .064 .035
200 .. 93.8 662 679 179 .37 069 .037

Ni(NO,),:
025 .. 51.6 359 107 .30 .002 .017 .038
050 .. 65.9 459 926 47 .080 .25 .025
1.00 .. 79.0 565 861 .68 .120 .65 .027
2.00 .. 85.5 595 743 .77 177 1.21 .032
It became apparent after these tests that the Fe

(0.48-g/L) and (table 1) content of recycled electrolyte
contributed to the increased Pb extraction when this
electrolyte was used for leaching in the earlier tests. For
this reason and because the use of recycled electrolyte
would more closely duplicate industry practice, recycled
electrolyte was used for the balance of the experiments.
The ideal oxidative leaching of PbS in an acid medium is
given by reaction A.
PbS + [O] + 2H" » Pb™ + H,O + S (A)
Since PbSO, is not soluble in H,SiF,, any PbSO, formed -
must be filtered out and treated separately, therefore fur-
ther oxidation of sulfide sulfur to sulfate as in reaction B
should be minimized.
PbS + 4[O] - PbSO, (B)
Here [O] is written for the equivalent of one atom of oxy-
gen in the oxygen carrier. For example, H,0, used in the
previous atmospheric leaching studies (Z) is an oxidant
that provided [O] continuously through the continued addi-
tions of H,0, to the leaching mixture, as in reaction C,
H,0,~ [O] + H,0 ©
The reaction is not reversible, so H,0, is an oxidant, but
not an oxygen carrier. Bjorling (6) suggested that O, gas
does not attack PbS or any other metal sulfide crystal.
This O, pressure leaching study indicated that the [O]
required to oxidize PbS was provided continuously by



HNO, and O, according to reactions D and E, since HNO,
acted as an oxygen carrier.

2HNO, -+ 3[0] + 2NO + H,0 (D)

2NO + 3/20, + H,0 - 2HNO, (E)

During pressure leaching, the oxidizing potential was
determined by the amount of HNO, used and the O,
pressure applied.

In addition, the ions of Fe and other metals contained
iu the leaching solution probably acted as cataiysts to pro-
mote the reactions between HNO, and O, for producing
[O]. Iron ions might also act as an oxygen carrier (6) as
in reaction F.

2Fe’* + H,0 « 2Fe** + [0] + 2H" (F)
Lead extraction was only 40 pct in the technical H,SiF,
leaching as listed in table 2 using HNQO,, but not the Fe
catalyst, and Pb extraction was only 28 pct in the recycled
H,SiF, leaching as listed in table 4 using Fe** without the
use of HNQO,. These results clearly indicate that the
synergistic effect of HNO, and Fe** ions was essential to
the success of pressure leaching of PbS concentrates.

Time

All tests were from 30- to 60-min long with timing
started when the designated temperature was attained.

Free HZSiFG

The effect of free H,SiF, concentration on Pb extraction
was studied. Tests were conducted using 30, 40, and 50 g
of PbS concentrates in 300 mL of recycled spent electro-
Iyte at 200 psig O, at 95° to 100° C for 60 min. In general,
metal extraction decreased with free acid concentration as
listed in table 7.

Table 7.-Effect of free H,SiF, concentration
on metal extraction

PURIFICATION OF LEACHATES AND
ELECTROWINNING

Attempts to electrowin the as-leached solutions to
recover the Pb were only partly successful. Both current
efficiencies and cathode morphologies were marginal,
and it was obvious that it would be necessary to re-
duce the amount of impurities in the solution before
electrowinning. Two methods of purification were investi-
gated, and an analysis of the resultant solutions is given in
table 8 as well as an analysis of the as-leached PbSiF; solu-
tion for comparison.

In method 1, a process developed by Dahnke (7) was
used to remove the Fe as an insoluble ferric phosphate
(FePO,) compound. The low (1.9) pH required for this
method was a major advantage over the traditional Fe re-
moval process that requires a pH of from 3 to 5 to precip-
itate the Fe as ferric hydroxide [Fe(OH),], which is very
difficult to filter. In contrast, the FePO, precipitate is
readily filterable.

The pH of the as-leached solution was ~0, and it was
necessary to add a large amount of concentrated NH,OH
(67 mL for 1 L of leachate) to raise the pH to 1.9.
NH,OH was chosen to increase the pH because NaOH
and KOH formed a jell-like sodium fluosilicate (Na,SiF,)
or potassium fluosilicate (K,SiF,) precipitate.

Unfortunately, method 1 was only partly successful.
Iron was reduced by about 1 g/L and much of the Cu was
removed by the Pb powder addition after Fe removal, but
the solution still contained the majority of the Co, Ni,
and Zn as indicated in table 8, and the current efficiency
was only 83 pct. Also, about 8 pct of the Pb had been
removed. Nickel and cobalt could be removed by cemen-
tation on Pb powder at pH 3.5, but most of the Pb was
lost at this pH as well.

In method 2, the Pb was precipitated with stoichi-
ometric additions of H,SO, leaving the impurities in the
solution. The PbSO, was then carbonated with ammonium
carbonate (Na,CO,) and the resulting PbCO, was dissolved

PbS Extraction, pet Free H,SIF, in H,SiF, (1) giving a relatively pure solution (table 8) that
concentrates, Pb Fe Zn  Cu In leachate, upon subsequent electrowinning gave 95 pct current effi-
g g/L ciency and 99.999 pct Pb deposit.
80 s sosms 934 100 69 100 92.4 There are several advantages to the use of method 2:
g e gg:g 1%9 gg %.7 gg:f (1) low H,SO, consumption, only a stoichiometric amount
is needed to precipitate Pb; (2) the ammonium sulfate
[(NH,),SO,] generated during the conversion of the PbSO,
Table 8.-Analyses of PbSIF solution and current efficlency of
lead electrowinning
PbSIF, Analysis, g/L Current  Cathode
solution Free efficiency, deposht,
Pb HSIF;, Fe  Zn Cu NI Co  pet Pb pet
As-leached .. 79.8 91.2 1.25 0.770 0.310 0.065 0.034 70 99.96
Purified:
HPO,.... 73 90 29 620 004  .060  .030 83 99.99
H,SO,.... 96 82 03 007 <001 <.001 <.001 95 99.999




to PbCO, can be used as fertilizer or recycled to recover
NH, (1); (3) the solution stripped of Pb can be recycled
and the impurities catalyze the pressure leaching; and (4)
the necessity to remove calcium lignin sulfonate from the
spent electrolyte is eliminated because spent electrolyte is
used for dissolving PbCO; not for pressure leaching (7).

LEACH RESIDUES

A typical residue, ~8.5 g, left from a 90 pct Pb extrac-
tion leach was partially analyzed and found to contain, in
percent, 23 Pb, 2.1 Fe, 2.0 Zn, 1.1 Cu, 37.1 §°, and 6.4 SO,.

After S removal, the Pb concentration in the S° free
residue was upgraded to 58 pct, and the amounts of Cu,
Fe, SO,, and Zn were increased proportionally. The major
Pb compounds in the residue were identified as PbSO,, un-
reacted PbS, and varying combinations of Pb with PO,, Si,
and F. The residue was pressure leached with H,SiF-O,
to solubilize PbS followed by a carbonation leach to con-
vert PbSO, to PbCO, and an H,SiF; leach to dissolve the
PbCO, (I). The final residue still contained 5 pct Pb. In
addition, it also contained, in percent, 0.9 Co, 8 Cu, 1 Nj,
and 12 Zn, as well as ~26 tr oz/mt Ag making it a valu-
able byproduct.

Various procedures have been tested, including leaching
with brines (9-10), acids (11), or alkalis; roasting before
leaching (12); and pressure leaching to recover the metal

values from the final residue. The brine leaches, FeCl, or
NaCl, solubilized only one-half of the Ag and even less of
the other metal values. Alkali leaching was only margin-
ally effective. An H,SO, leach using residues roasted at
500° C produced the most promising results. A study of
leaching conditions using a 2* factorial design with two
constants and three variables was completed. The constant
was a pulp containing 10 wt pct residues in 1.8 M H,SO,,
with temperature (T), time (t), and pressure (P) as
variables. The range of the variables was as follows:

Low High
P .. 200psi P .. 300 psi
T .« M5C T ,. 165C
t... 30min t... 1h

The results, based on the amount of residue remaining
after leaching, indicated T was the most significant variable
with the interaction of P and t having a possible effect.
One other run was completed using conditions far outside
the factorial limits. Results from runs at the upper and
lower limits of the factorial design test and the extra run
are tabulated in table 9. These results indicate Pb and Ag
can be almost completely separated from the other metal
values in the leach residue. This should facilitate their
recovery.

Table 9.~Results of factorial design tests'

Distribution, Test 1 Test 2 Test 3
pct Filtrate Residue Filtrate Residue Filtrate Residue
Pb isowias ND 100 ND 100 ND 100
F@ wuwimems 99.5 5 98.8 1.2 14.3 85.8
Zn........ 100 ND 99.4 6 5.8 95.2
Cu isivwinms 98.3 1.7 97.6 2.4 18.7 81.3
Ag........ ND 100 ND 100 ND 100
N, 94.8 5.2 94.2 5.8 31.1 69.0
CO vsssus 98.5 1.5 97.4 2.6 31.2 68.5
ND Not determined.
Leaching conditions:
Test Pressure, psig Temp, °C Time, min
1. 300 165 60
2 s 200 145 30
3.. 50 100 30
CONCLUSIONS

A conceptual flow diagram was developed to recover Pb
metal and S° from PbS concentrates (fig. 2), without the
S gases and Pb emissions attendant to the present pyro-
metallurgical Pb smelting process. The process consists
of (1) pressure leaching of PbS concentrates in H,SiF;
solution with O, pressure as a replacement for the large
amounts of H,0, required as an oxidant in the atmos-
pheric leaching process (1), (2) purification of leachates,

and (3) electrowinning of Pb metal from the purified
PbSiF, solution.

This method produces high-purity (99.999 pct) Pb
metal, although extra H,SO, and (NH,),CO, are needed to
purify the leachate, but (NH,),SO, is generated as a valu-
able byproduct that has potential application as a fertilizer.

Other advantages are (1) H,SiF, can be recycled contin-
uously in the pressure leaching process without removing
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Figure 2.-Flow diagram for pressure leaching, purification, and electrowinning.

catalytic Fe and Ni ions, although at some point a bleed
stream will probably be necessary, and (2) spent electrolyte
can be used to dissolve PbCO, without activated carbon
treatment to remove the organic additives, such as calcium
lignin sulfonate and glue, used as leveling agents during
electrowinning ().

More work is necessary to perfect the method for re-
covery of values from the residue since the economics of
the process will probably be dictated by the value of the
recovered byproduct metals.

REFERENCES

1. Lee, A. Y., A. M. Wethington, and E. R. Cole, Jr. Hydrometal-
lurgical Process for Producing Lead and Elemental Sulfur From Galena
Concentrates. BuMines RI 9055, 1986, 13 pp.

2. Cole, E. R, Jr, A. Y. Lee, and D. L. Paulson. Electrolytic
Method for Recovery of Lead From Scrap Batteries. BuMines RI 8602,
1981, 19 pp.

3. . Recovery of Lead From Battery Sludge. J. Met., v. 35,
No. 8, Aug. 1983, pp. 42-46.

4. . Electrowinning of Lead From H,SiF, Solutions. U.S. Pat.
4,500,340, Feb 19, 198s.

S. . Production of Lead From Sulfides.
June 9, 1981.

6. Bjorling, G., I. Faldt, E. Lindren, and 1. Toromanov. A Nitric
Acid Route in Combination With Solvent Extraction for Hydrometallur-
gical Treatment of Chalcopyrite. Ch. in Extractive Metallurgy of Cop-
per, ed. by J. C. Yannopoulos and J. C. Agarwal, v. 2, TMS Metall. Soc.
1976, pp. 725-737.

7. Dahnke, D. R,, L. G. Twidwell, and R. G. Robins. Selective Iron
Removal From Process Solutions by Phosphate Precipitation. Pres. at
CIM 16th Annual Hydrometallurgical Meeting, Int. Symp. on Iron

U.S. Pat. 4,500,398,

Control in Hydrometallurgy, Toronto, Canada, Oct. 19-22, 1986; avail-
able from D. R. Dahnke, MT Coll. Miner. Sci. Technol., Butte, MT.

8. Smith, L. L., R. G. Sandberg, and E. R. Cole. Method of Produc-
ing a Lead Dioxide Coated Anode. U.S. Pat. 4,159,231, June 16, 1979.

9. Dinardo, O., and J. E. Dutrizac. The Solubility of Silver Chloride
in Ferric Chloride Leaching Media. Hydrometall,, v. 13, 1985, pp. 345-
363.

10. Sandberg, R. G., and J. L. Huiatt. Ferric Chloride, Thiourea,
and Brine Leach Recovery of Silver, Gold, and Lead From Complex
Sulfides. BuMines RI 9022, 1986, 14 pp.

11. Noual, P., G. Bienvenu, and L. Rizet. Recovery of Metals From
Complex Sulfide Concentrates in Fluosilicic Medium by Extramet
Process: Paper in Complex Sulfides, Processing of Ores, Concentrates,
and By-Products, ed. by A. D. Zunkel, R. S. Boorman, A. E. Morris,
and R. J. Wesely (TMS Metall. Soc. Conf. at TMS-AIME Fail Extra.
Meet., San Diego, CA, Nov. 10-13, 1985). TMS Metall. Soc., 1985,
pp. 925-935.

12. Baglin, E. G,, J. M. Gomes, T. G. Carnahan, and J. M. Snider.
Recovery of Platinum, Palladium, and Gold From Stillwater Complex
Flotation Concentrate by a Roasting-Leaching Procedure. BuMines
RI 8970, 198S, 12 pp.

INT.BU.OF MINES,PGH.,PA 29185



	RI9314
	1



