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RECOVERY OF MERCURY -FROM CONCENTRATES BY CUPRIC
CHLORIDE LEACHING AND AQUEOUS ELECTROLYSIS

By J. E. Murphy,' H. G. Henry,? and J. A, Eisele®

ABSTRACT

The Bureau of Mines developed a hydrometallurgical method for recover-
ing mercury metal from mercury sulfide concentrates. Sulfide flotation
concentrate from the McDermitt Mine was leached in a cupric chloride
solution at 80° C. The redox potential of the solution was maintained
at 850 mV during leaching by chlorine sparging. Mercury extractions
exceeded 99 pct in 3 h of leaching. After leaching, the pH of the solu-
tion was increased from 1 to 4.5 to precipitate copper as atacamite.
The pregnant solution typically containing 100 g/L Hg was sent to elec-
trolysis to produce high-purity mercury metal and chlorine for recycle.
In a 200-A electrolytic cell operated for 24 h, current efficiency was
99 pect and the energy requirement was 0.9 kW*h/lb of mercury produced.
Mercury removal from the waste stream was also investigated. Iron or
zinc cementation, sulfide precipitation with HyS, and activated carbon
adsorption all decreased the mercury concentration from 10 g/L to 0.0l
mg/L, which is less than the Environmental Protection Agency 1limit on
wastewater of 0.02 mg/L.

1Super,visory physical scientist.

Research chemist,

3Supervisory chemical engineer.

Reno Research Center, Bureau of Mines, Reno, NV.



INTRODUCTION
The Bureau of Mines and the Nevada States. The impetus for developing a
Bureau of Mines have investigated hydro—- hydrometallurgical method for recovering
metallurgical methods for recovering mercury £from concentrates was to elimi-

sulfide concentrates
(1-8).%4 Most recently, Atkinson inves-
tigated the recovery of mercury from
sulfide concentrates by a CuCly leaching-
electrolysis technique (l1). The concen-
trate used 1in the investigation was
obtained from the McDermitt Mine, the
major mercury producer in the United

mercury metal from

2Underlined numbers in parentheses re-
fer to items in the list of references at

the end of this report.

O,

nate from the workplace mercury vapors
that are difficult to control in a con-—
ventional furnacing operation.

The flow diagram for the previously
developed leaching-electrolysis method is
shown in figure I. Mercury concentrates
were leached in a CuCl,~FeCl3~CaCl p~HC1~
Cl, solution. Following solid-liquid
separation, mercury metal was electrowon
from the pregnant chloride solution, and
spent electrolyte was recycled to leach-
ing. The electrolytic «cell employed a
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FIGURE 1.~Flowsheet for treating mercury sulfide concentrate.



mercury pool cathode and a graphite
anode, The technique was demonstrated on

a continuous basis for 11 days with a
bench—-scale apparatus. Mercury extrac—
tions averaged more than 99 pct. Elec—

trowinning mercury from the
lution yielded a current
only 30 pet, and sludge formed on the
mercury cathode surface during electrol-
ysis. The sludge, which contained mercu-
rous chloride and finely divided mercury
metal, increased the c¢ell voltage and
eventually had to be removed.

pregnant so-—
efficiency of

The present investigation was under—
taken to improve the electrolysis step of
the process by eliminating sludge forma-
tion on the cathode and increasing cur-
rent efficiency. The investigation show-—
ed that copper and iron had to be removed
from the electrolyte to improve the elec-
trolysis. As a result, the leaching pro-
cedure was modified to produce a copper-
and iron—-free pregnant solution suitable
for electrolysis. A modified process
flowsheet was developed.

EQUIPMENT AND MATERIALS

Mercury sulfide flotation concentrate
was provided by the McDermitt Mine.
Analysis of the concentrate is shown in
table 1. Approximately 70 pct of the
mercury was present as cinnabar and 30
pct as corderoite (HgzSzClg).

The leaching solution used in the pre-
vious study (1) contained copper, iron,
and calcium as chlorides, and HCIL., Cal-
cium c¢hloride was added to increase the
chloride concentration, which would in-
crease the solubility of cuprous chloride
and would control the sulfate produced
during leaching by precipitation of
CaS04+2H20, 1Iron was added to the leach-—
ing solution because the iron concentra-
tion would slowly increase as the leach-
ing solutlon was recycled. HCl was added
to prevent precipitation of copper. In
the present study, the leaching solution
normally contained 50 g/L Cu and 100 g/L
Ca as chlorides, and 3.8 g/L HCl. The
leaching solution differed from the so-
lution in the previous study in that iron
was eliminated and the HCl concentration
was decreased from 42 to 3.8 g/L. Iron
was eliminated because the flowsheet was

TABLE 1. - Analysis of flotation
concentrate, percent1

Antimony..... 0.08
Magnesiumee.. .07
Calciumeevsae .03
Arsenicecesss .01

Mercuryesesoe 7747
Sulfureeeese. 11.9
Chlorineesses 2.7
Siliconessses 1.8

Aluminums eese .9 Elemental
IrONeceecnnce .8 sulfurececsse .05
Titanium...g. n08 Sulfate.¢¢o.. .07

"The concentrate contained 0.2 oz/st Ag.

revised and the buildup of iron appeared
to be less likely. The HCl concentration
was decreased to avoid unnecessary HCI
consumption, which will be discussed in
the text under Leaching.

Leaching was performed in a 2-L glass
beaker. All chemicals used in the exper-—
iments were reagent grade. A hotplate,
thermocouple, and temperature controller
were used to control the leaching temper—
ature. A Teflon® paddle-type stirrer was
used to keep the concentrate suspended in
the solution. Chlorine was sparged into
the slurry through a capillary glass tube
with a l.5-mm—diam bore. Filtering oper—
ations were done with Whatman No. 5
filter paper on a Buchner funnel with a
slight vacuum applied.

The bench-scale electrolytic cell shown
in figure 2 consisted of a 1-L glass bea-
ker with a 3.5-in-diam, 1/2-in-thick
graphite plate for the anode and a 1/2-
in-deep mercury pool as the cathode. A
3/16~in~diam iron rod, which was pro~-
tected from the electrolyte by a glass
sleeve, served as electrical contact to
the cathode. A 1/2-in-diam graphite rod
threaded into the anode plate served as
the anode connection. The cell was
operated at 7 A except when the current
density was varied. Cell temperature,
typically 50° C, was maintained by a hot-
plate that was controlled by a glass—
encased thermocouple in the electrolyte.
A paddle~type polyethylene stirrer was

products does
Bureau of

SReference to specific
not imply endorsement by the

Mines.
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FIGURE 2.—Bench-scale electrolytic cell.

used for electrolyte agitation during

electrolysis.

A larger 200-A cell, shown in figure 3,
was constructed. The contalner was a
Pyrex glass vessel 11-1/2 in in ID by 12

in high. A 2-in—diam graphite rod that
was connected to the anode bus was
threaded 4nto a l-in-thick by 9-in~diam
graphite plate. A 1/2-in-deep mercury
pool was electrically connected to the
cathode bus by a l-in-diam iron rod en-

cased in glass tubing. Mercury metal was

PROCEDURES
ELECTROLYSIS TESTS IN 7-A CELL

The 1nitial objective was to eliminate
sludge formation during electrodeposition
of mercury from the pregnant solution.
‘The first approach was to manually skim
the sludge from the mercury cathode and
return the sludge product to the leaching
operation. However, the sludge leached
very slowly in the cupric chloride solu-
tion, After 48 h of leaching at 80° C,
less than half of the sludge dissolved.

Electrolytic cell parameters were in-
vestigated to determine their importance
in sludge formation. Normally, the elec-
trolytic cell was operated at 50° C with
a cathode and anode current density of 80
and 103 A/ftz, respectively, and elec—
trode spacing of 1/2 in. The electrolyte
contained 50 g/L Cu, 100 g/L Ca, 100 g/L
Hg, and 35 g/L HCl. Cell parameters that
were investigated included electrolyte

rElectrolyte in
{ron rod

Electrolyte out<-*1

Mercury out -7 cathode
connector
E Glass
= insulating
Electrolyte ~—H tube
Graphite rod —H Glass
_5 container
Anode —H
Mercury cathode —
FIGURE 3.—200-A electrolytic cell.
removed from the cell by siphoning
through a 1/2-in-ID Pyrex glass tube.
The cell operated at a cathode and anode

current density of 407 and 453 A/ft?,
respectively, and required cooling to
maintain the temperature at 60° C. The
electrolyte was circulated between the
cell and a 25-gal reservoir tank that was
equipped with a water cooling coil.
Chlorine generated during electrolysis
was scrubbed by passing the cell offgas
through a NaC03 solution.

AND RESULTS

composition, temperature, agitation, and
electrode current density.

The experiments showed that copper con-—
centration of the electrolyte was the
most important factor in sludge formation
and current efficlency. Decreasing the
copper concentration iInm the electrolyte
dramatically decreased sludge production
and increased current efficlency. Below
1 g/L Cu, the mercury cathode remained
clean and bright during electrolysis and
current efficlency was more than 99 pct.
The effect of copper concentration on
current efficlency is shown in figure 4.
The decrease in current efficlency with
increasing copper concentration resulted
from the reduction of cupric ion at the
cathode and oxidation of cuprous ion at
the anode. Sludge formed on the cathode

was mostly mercurous chloride and finely
divided mercury metal and contained
only a few percent copper. Apparently,
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cuprous chloride reacted with the mercu-
ric chloride to produce cupric chloride
and insoluble mercurous chloride. The
effect of 1iron chloride in the electro—
lyte on current efficiency and sludge
formation was similar to that of copper

chloride.

Besides copper concentration, the only
cell parameter that significantly influ-
enced current efficiency was mercury con—
centration of the electrolyte. The ef~-
fect of varying mercury concentration on
current efficiency in a copper—containing
electrolyte 1is shown in figure 5. In-
creasing the mercury concentration in-
creased sludge formation. At 300 g/L Hg,
sludge formed on the cathode at a rate of

1/2 in/h.
the graphite anode was noted at
Hg.

Several experiments were made with a
copper—free electrolyte containing 100
g/L Hg, 100 g/L. Ca, and 3.8 g/L HCl.
Data from a typical experiment are shown
in table 2. Without copper present, cur-
rent efficiency was more than 99 pet and
the energy requirement was 0,37 kW<h/1lb.
No sludge formed on the mercury metal
cathode, which remained bright and shiny
until electrolysis was stopped.

In a series of experiments, electrol~-
ysis was continued to determine the
effect of low mercury concentration in
the electrolyte. At 5 g/L Hg the cell
voltage started to gradually increase,
and at 2 g/L Hg hydrogen production was
apparent on the cathode.

Mercury metal electrowon from solutions
in which there was no copper was very
pure. In table 3, analyses of the elec—
trowon mercury are compared with analyses
of mercury produced at the McDermitt Mine
and triple-distilled mercury from the
Je T. Baker Company.

Also, slight disintegration of
300 g/L

TABLE 2. — Operating data for 7-A
electrowinning cell with no
copper in the electrolyte1

Cell currentecsessascnscecscessecalae 7
Cell Voltage....................V.. 3.0
Anode current densit¥.......A/ft%.. 105

Cathode current density.....A/ftZ.. 80
Electrolyte temperaturessssesee Coe 50
Electricity usedesecessoscsnssAha, 10
Metal producedeeseececsccncossnaefas 37,3
Current efficiencyececsesssscapete. 99.7
Energy required........kW*h/1b Hg.. 0,37

"Tnitial electrolyte composition, in
grams per liter: 100 Hg, 100 Ca, and
3.8 HCl. Electrode spacing, 1/2 in.

ELECTROLYSIS IN 200-A CELL

The larger cell was operated contin-
uously for 24 h to determine if sludge on
the cathode or other problems would
be encountered in a larger scale oper-—
ation. Feed electrolyte compostion was



TABLE 3. - Analyses of mercury metal,
parts per million

Element McDermitt Bureau Je Te
Mine of Mines | Baker Co.

Ageceases <Z2.0 <2.0 <2.0
Aleeesess 12.0 12.0 <9.0
ASesesnss 62.0 67.0 62.0
AlUcevenes <2.0 <2.0 <2.0
Bleesoses <. 4 <o 4 <od
Biesoseos <17.0 <17.0 <17.0
CAsserses <9.0 <9.0 <9.0
Cdescanns <e3 <.3 <. 3
COsnnncseae <, 8 <. 8 <. 8
Clevecans <4,0 <4, 0 <4,0
Cllaesecaes <2.0 <2.0 <2.0
Feecooane 3.0 .9 <. 6
Keeasnaoe <35.0 <35.0 <35.0
L8ceesese <3.0 <3.0 <3,0
Liceesnns <. 9 <.9 <. 9
MEeooonas <3.0 <3.0 <3.0
MDeasesaos 2.3 2.4 3.7
MOeoeseon <1.0 <1.0 <l.0
Naeeoasses <9.0 <9.0 43.0
Niseoosne <3.0 <3.0 <3.0
Pbresasse 39.0 19.0 18.0
Shecencas 11.0 14,0 10.0
Sicecsens <6. 0 <6.0 <6.0
Tieeenses 8.7 1.6 2.3
Zleconooe 22.0 12.0 16.0

TABLE 4., — Operating data for 200-A
electrowinning cell!

Average cell currentecscecscasches 200
Average voltageseesesesscaseeeseVes 7.0
Cathode current density....A/ftZ.. 407
Anode current density......A/ft2.. 453
Electrolyte temperatur€.sesss.Ce. 60
Electricity usedesseescossessAches 4,800
Metal producediescscsssscsosselbes 39
Current efficiencyeccsssescceapcts. 98.6
Energy requiredsseceskW*h/1b Hg.. 0.87

150 g/L Hg, 100 g/L Ca, 0.5 g/L Cu, and 1

g/L HCL. Electrolyte was continuously
pumped from the reservoir tank to the
10-L cell at a rate of 1 L/min. Total

volume of electrolyte was 95 L. Spent
electrolyte was replaced with fresh elec-
trolyte after 12 h of electrolysis. At
the end of the 12 h, the spent electro—
lyte contained about 50 g/L Hg. Anode-
cathode spacing was maintained at about
1 in by siphoning 10 1b of mercury from
the cell every 6 h. Operating data for
the cell are given 1in table 4. The mer-
cury cathode remained sludge-free during
the test, and current efficiency was 98.6
pct. Anode and cathode current densities
exceeding 400 A/ft? and l-in electrode
spacing were responsible for the high
energy requirement of 0.9 kW h/1lb; how~-
ever, this was less than the l.4 kKW*'h/1Db
reported (1) when anode and cathode cur-
rent densities of 100 A/ft? and an elec-—
trode spacing of 1/2 in were used.

composition, in
100 Ca, 0.5 Cu,
1 in.

Initial electrolyte
grams per liter: 150 Hg,
1 HCl. Electrode spacing,

LEACHING

leaching followed by
solution before
approach to

of mercury

Cupric chloride
copper removal from the
electrolysis is a good
hydrometallurgical treatment
concentrates.

The best method for removing copper
from the pregnant solutions was precipi-
tation of a basic salt by pH adjustment.
Sulfide precipitation with addition of
H2S8 or NaS to the solution was also in-
vestigated but was not practical because
at pH 1 almost 30 pet of the mercury pre-
cipitated with the copper. Increasing
the pH of the pregnant solution with cal-
cium or sodium carbonate or hydroxide
precipitated a copper oxychloride, which
was ldentified by X-ray diffraction as
atacamite [CupCl(OH)z]. The neutralizing
agent was added slowly to the solution
over a 15-min period with constant stir-
ring. All of the neutralizing agents
worked, but the carbonates entrained less
mercury in the copper precipitate.

Disadvantages of increasing the pH to
remove copper were that HCl was removed
from the pregnant solution as calcium
chloride and an HyS0; addition was re-
quired to dissolve the copper precipi-
tate. Although the copper precipitate
was readily soluble in HCl, the use of
Hy50, was preferred because H;S50, adds
sulfate to the leaching solution, which
controls the calcium concentration in the
spent electrolyte by precipitating
CaS0, < 2H,0. Acid consumption could be



minimized by decreasing the concentration
of HCl in the leaching solution and by
increasing the ratio of mercury to copper
concentration. A series of experiments
was made to determine the effect of HC1
concentration on leaching and to deter-
mine if the mercury concentration in the
leaching solution could be increased to
200 g/L. In addition to HCl, the solu-
tion contained 50 g/L Cu, 100 g/L Ca, and
300 g/L Hg concentrate. Leaching was
carried on for 3 h at 80° C with the re-
dox potential maintained at 850 mV (Eh)
by chlorine sparging. Concentrations of
HC1 between 2 and 38 g/L had no effect on
leaching. In all tests, mercury extrac—
tions were more than 99 pct. The mercury

concentration of the pregnant solution
was more than 200 g/L. Analysis of the
residue showed that 5 to 10 pet of the

sulfur 1in the concentrate was converted
into sulfate. All solutions filtered
easily.

Since the mercury concentration of the
pregnant solution could be increased
easily, tests were made to determine if
copper removal would be adversely affect-
ed by a high mercury concentration. A
synthetic pregnant solution was made con—
taining 50 g/L Cu, 200 g/L Hg, and 10 g/L
HC1. Calcium carbonate was added very
slowly to the stirred slurry until the pH
was vraised to a selected level. The
slurry became very thick after the CaCOs
was added, but filtered easily. Results
of the tests are presented in table 5 and
demonstrate that excellent separation of
the copper was possible with CaCOs. The
precipitate redissolved easily in HCl and
could be returned to the leaching step.
Adding 10 g/L Fe as FeCls to the pregnant
solution and increasing the pH with CaCOj
showed that iron precipitated with the
copper.

Four experiments in which 1leaching was
followed by copper removal were perform—
ed. Three hundred grams of mercury con-—
centrate was added to 1l L of solution
containing 50 g Cu and 100 g Ca as chlo~-
rides and 3.8 g HCl. Leaching was con-
ducted for 3 h at 80° C with the redox

potential maintained at 850 mV (Eh) by
Cl; sparging. Mercury extraction aver-
aged 99.4 pct, and between 7 and 1l pet

of the sulfur was converted to sulfate.

After filtering, water was added to the
filtrate to bring the volume to 2 L. In
practice, spent electrolyte would be used
to dilute the filtrate. Dilution of the
filtrate made the copper precipitate eas~—
ier to filter and decreased the mercury
concentration to about 100 g/L, which was
a good electrolyte concentration.

Filtrates from the leaching experiments
were treated with CaCOx to remove copper.
The CaC0z was added slowly, and the solu-
tion was stirred for 1 h. The copper
precipitate was filtered from the solu-
tion and washed with 200 mL of water.
Analyses of the pregnant solutions and
the copper precipitates are given in
table 6. Adding 100 g CaC03 per liter of
solution decreased the copper level to
less than 0.1 g/L, which is lower than
necessary for electrowinning. Mercury
concentration in the precipitates aver—
aged less than 0.3 pet. Even this small
amount of mercury would not be lost, but
would be redissolved in H380, along with
the copper and returned to leaching.

As an alternative for producing a
copper~free electrolyte, a few leaching
experiments were made with chlorine alone
as the lixiviant. Leaching was suc~
cessful, with 99 pct extraction in 3 h.

TABLE 5. — Removal of copper from syn—
thetic pregnant solution containing
200 g/L Hg by precipitation with
CaCOs

Final | CaCOs3 Cu remaining Hg in Cu
pH added, | in solution, | precipitate,
g/L g/L pct
4.0 16,1 1.2 0.6
4,5 20.5 .13 1.0
5.0 25.7 .005 .9

TABLE 6. - Removal of copper from preg-
nant leaching solution containing
100 g/L Hg by precipitation with
CaCO3

Final | CaC03 | Cu remaining Hg in Cu
pH added, | in solution, | precipitate,
g/L g/L pet
3.5 50 4.6 0.2
4,2 80 »37 .5
4,6 100 .026 o1
5.0 120 .001 .2




However, chlorine losses to the atmo-
sphere were high and 40 pet of the sulfur
was converted to sulfate, both of which
were considered to be serious drawbacks.

As a result, chlorine leaching was not
pursued.
MERCURY REMOVAL FROM WASTEWATER
Three methods evaluated for mercury

removal from wastewater were cementation
with iron powder, steel wool, or zinc;
precipitation with H3S or NasS; and ad-
sorption on activated carbon. A solution
containing 10 g/L Hg, 50 g/L Ca, and 1
g/L HCl1 was used in the experiments.
When solid reagents were used, 1 L of
solution was stirred with the reagent for
2 h at ambient temperature. With H,S,
the gas was slowly sparged into the solu-
tion for 2 h. The results of the experi-
ments are shown in table 7. Iron and
zine powder, H5S, and activated carbon
decreased the Hg concentration to below
the Environmental Protection Ageghy (EPA)
discharge level of 0.02 mg/L.
the best alternative is precipitation of

Makeup Clp
Hg8 concentrate

HgS by HeS sparging because the HgS can
be returned to leaching and no additional
process steps are necessary. Mercury
level in solution after treatment with
steel wool was higher than the EPA limit,
but extending the treatment time to 4 h
or doubling the guantity of steel wool
decreased the mercury concentration to
0.01 mg/L. Steel wool has the advantages
of low cost and simplicity of treatment.

TABLE 7. - Removal of mercury from
waste solutions

Extraction reagent Weight, | Hg conc,
g/L1 ng /L
Steel WoOlesaencseannns 20 1.0
Iron powderssscesssecs 20 .01
Zinc powderceesesscoacs 20 .01
HoSveasssesacosenncsas 5 .01
Na9Seeescsansscansnass 10 .05
Activated carbonZ..... 50 <,004
TSolution contained, in grams per

liter, 10 Hg, 50 Ca, 1 HC1.

Leaching -t

\

Liquid-solid separaiion

CaCQ03 -——‘}
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Copper product

Probably 2CAL 12x40 from Pittsburgh Activated
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FIGURE 6.—Flow diagram for cupric chloride-chlorine leaching of mercury concentrate.



IMPROVED PROCESS FOR MERCURY
EXTRACTION FROM CONCENTRATES

The flowsheet for mercury extraction
from concentrates developed previously
(fig. 1) was modified as shown in figure
6. In the revised flowsheet, chlorine is
sparged into a leaching slurry containing
300 g/L concentrate and 50 g/L Cu. After
leaching, the slurry is filtered and the
pregnant
electrolyte. Copper is precipitated from
the pregnant solution by increasing the
pH from 1 to 4.5 with CaCOz. Follow-
ing copper removal, the pregnant solu-
tion 1s routed to electrowinning, which

solution is diluted with spent-

produces high-purity metal and chlorine
for recycling to leaching. The copper
precipitate is dissolved in H,50, and re-
turned to leaching. Sulfate added to the
solution 1s precipitated in the leaching
step as CaS04-+2H,0.

The residue from leaching must be
thoroughly washed to remove highly toxic
mercuric chloride. Wash water could be

treated with H;S to recover HgS for re-
cycling to leaching. Alternatively, wash
water could be treated by iron cementa-
tion to produce a relatively iwmpure mer-
cury product. Salable mercury metal
could be obtained by filtering and acid
washing.

SUMMARY AND CONCLUSIONS

Cupric chloride leaching has potential
for treating mercury concentrates with
minimal mercury vapor emissions. Leach-
ing was rapld, and mercury extractions
exceeded 99 pct. Chlorine was sparged
into the slurry during leaching to de-
crease the copper required for leaching.
Before mercury was recovered from the
solution by electrolysis, copper was re-—
moved by increasing the solution pH to
4,5 with calcium or sodium carbonate.
Iron present in the leaching solution was
also precipitated at pH 4.5, Failure to

on the mercury cathode and decreased cur-
rent efficiency to 30 pct. After copper

removal, current efficiency was 99 pct
and the energy requirement was 0.37
kW *h/1b.

Wastewater was treated by cementation,
sulfide precipitation, and carbon adsorp-—
tion. Although all methods gave solu-
tions that met EPA requirements for mer-
cury contamination, sulfide precipitation
was favored because the HgS product could
be returned to leaching, which did not
require additional process steps.

remove copper caused sludges to build up
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