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CHLORINE-OXYGEN LEACHING OF A LOW-.-GRADE ZINC SULFIDE
FLOTATION CONCENTRATE

By G. A. Smyres ' and T. G. Carnahan?

ABSTRACT

The Bureau of Mines conducted laboratory studies to determine the
feasibility of chlorine~oxygen leaching for treating low-grade zinc sul~-
fide flotation concentrates, Recovery of zinc sulfides by flotation
from complex fine-grained sulfide ores is substantially higher in low-
grade bulk sulfide concentrates than in the high-grade cleaned concen-
trates required for smelter feed. However, there is no commercial pro-
cess in the United States for the treatment of low-grade bulk zinc sul-
fide concentrates.,

Leaching experiments using reactors of 500-mL and l-gal capacity were
conducted on a bulk concentrate containing 19.3 pet Zn, 35.6 pect Fe, and
39.4 pct S. The effects of pressure, temperature, and percent solids on
extraction were investigated. The chlorine~oxygen leaching procedure
showed promise for treating the concentrates, Zinc extractions of 95
pct or more were obtained by leaching at 50 pct solids in the tempera-
ture range of 100° to 120° C. Zinc extractions by leaching with chlo-
rine followed by oxygen at reactor pressures of 50 to 100 psig were in-
dependent of pressure.

1Metallurgist.
Supervisory metallurgist.
Reno Research Center, Bureau of Mines, Reno, NV,



INTRODUCTION

Hydrometallurgical processes have as—
sumed new significance for treating sul-
fide concentrates, particularly in view
of the stringent  environmental con—
straints being placed on smelting and re-—
fining operations and the need to treat
progressively lower grade and more com~
plex ores (lflg).3

In a conventional roast—leach~
electrowin zinc plant, excessive iron in
the concentrate is a problem because in—
soluble diron~zinc ferrites are formed
during roasting. To minimize this diffi-
culty, most domestic zinc plants will not
accept a concentrate containing more than
7 pcet Fe or less than 50 pet Zn. This
usually precludes the use of zinc sulfide
concentrates when fine grinding will not
liberate the sphalerite or when the
sphalerite mineral contains excessive
iron,

When a clean zinc concentrate suitable
for roast-leach—electrowinning is pro-
duced from a complex fine-~grained sulfide
ore, there is generally a loss of zinc to
the tailings. Such was the case when the
commercial bulk zinc concentrate used in
this investigation was cleaned to produce
a concentrate acceptable to domestic zinc
producers. The commercial bulk concen-
trate contained 75 pct of the zinc from
the ore but was low in grade and high in
iron; however, when cleaned and made
sultable for wuse by zine producers, the

overall zinc recovery was 35 to 45 pct
(11). Hence, by producing a bulk concen-

trate, =zinc flotation recovery 1s 1im-
proved; but zinc extraction from the bulk
concentrate requires a nonconventional

process., The Bureau's chlorine—~oxygen
leaching technique (12-15) shows promise
for treating complex Ilow-grade sulfide
concentrates and has the potential for
producing high—purity =zinc without the
constraints of the maximum iron and mini-
mum zinc concentration limits imposed by
current commercial processing.

A conceptual flowsheet for treating
low—grade zinc concentrate using the Bu-
reau's chlorine-oxygen leaching technique
is shown in figure 1. The concentrate is
slurried and reacted with chlorine and
then oxygen to leach zinc and other base
metals while iron 1s rejected to the res-—
idue. The pregnant solution is recovered
by filtering the pulp, and the filter
cake is washed with water to remove solu-
ble zinc. Lime and Hy;S are added to the
wash water to preclpitate base metals,
which are returned to the. reactor. The
pregnant solution is purified by zinc-
dust cementation (ié)’ which produces a
precipitate of cadium, lead, silver, and
copper metals. The purified ZnCl, solu-
tion is then evaporated to produce ZnCl,
crystals, After drying, the ZnCl, is fed
to a molten—salt bath and electrolyzed at
535° C to produce molten zinc metal and
chlorine (16-17). The chlorine is recy-
cled to the reactor to leach fresh con-
centrate. To determine the feasibility
of using this technique for testing low-
grade zinc concentrates, experiments were
conducted to investigate key parameters
involved with the leaching, liquid-solid
separation, and solution—purification
steps of the flowsheet.

CHEMISTRY OF CHLORINE-OXYGEN LEACHING

Reactions A through C are pertinent in
the leaching of sphalerite.

Cl, + H,0 + HC1 + HOC1 (A)

ZnS + 2HCL + 1/20, + ZnCl, + S° + Hp0 (B)

3Underlined numbers in parentheses re-
fer to items in the list of references at
the end of this report.

ZnS + 4HOCL » ZnSO, + 4HCL (C)

Secondary leaching reactions that prob-
ably occur include the following:

ZnS + 2CuCl; + ZnCl, + 2CuCl + S° (D)

ZnS + 2FeCls » ZnCl, + 2FeCl, + S° (E)
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FIGURE 1. - Conceptual flowsheet for chlorine-oxygen leaching of low-grade zinc concentrate,

CuCl; and FeClxy are formed by aqueous ox-
idation of copper— and iron-bearing sul-
fide minerals in the feed.

Although chlorine-oxygen leaching of
sphalerite can occur without copper being
present, the leaching rate 1s faster with
copper (1). Studies to systematically
evaluate the effects of copper in
chlorine-oxygen leaching were not con-
ducted. In the case of the low-grade
sphalerite concentrate investigated,
there was sufficient copper I1mpurity to
accelerate the leaching.

Under ideal conditions, chlorine—oxygen
leaching solubilizes all of the valuable
base metals, and the iron remains in the
leach residue. Chloride control 1s re-
quired to ensure that there 1is enough
chloride to satisfy the counter-ion needs
of the zinc, copper, cadmium, and lead to
ensure that no chloride remalns for the
iron, which is precipitated from solution
as goethite, as shown in the next column.

FeCl, + 1/40, + 3/2H,0

> FeO(OH)+ + 2HC1 (F)
When the final pH after reaction is al-
most l.7, the solution is iron—-free.
Sulfate 1ons should be removed from
solution to minimize valuable metal loss-—
es by precipitation of a basic sulfate

mineral such as beaverite,
[PbCusFe,(0H)(S04)4]. This can be
accomplished by adding BaS, CaCl,, or

BaCl, to the reactor to form insoluble
sulfates as shown in reactions G and H.

BaS + 2HC1l + 1/202 +» BaCly + 8° + H,0 (G)
CaC].z or Ba012 + 8042-
» CaS0, or BaS0, + 2C1~7 (H)

1f a chloride salt 1s added, the chloride
makes up for losses to the leach residue.



MATERIALS AND EQUIPMENT

The analysls of the commercial bulk
zinc concentrate used is given in table
1. Electron microprobe examination of
the concentrate indicated that the major
minerals were sphalerite, pyrite, and
chalcopyrite.

TABLE 1. ~Composition of concentrate,
percent

(Commerclal low-grade bulk ZnS
flotation concentrate)
19.3 Insolesess 1.6

Zno.c.n..o

Clessoeoss .66 MZeveonnns .061
FeEuseasess 35.6 Nlueeveaass <.002
Avenenans <0014  Pbuveesses .10
Aleeeeanns .52 S eeese. 38.8
Ca:....... 0036 Sill.lb.ol 019
Cdevennens .036 8042 veues 1.8
COussnnnss 057

Leaching experiments were conducted in
reactors of 500-mL and 1l-gal (3,800-mlL)
capacity. The 500-mL reactor was a modi-
fied Parr4 hydrogenation bottle capable
of operating at pressures up to 60 psig
and was provided with a thermocouple in-
sert and a chlorine and oxygen delivery

system. A gauge guard was used to pro-
tect the pressure gauge from the chlo-
rine. Although the reactions were exo-

thermic, a heating mantle (100 W, 115 V)
with a temperature controller was re~
quired to maintain the temperature in the

bottle  because heat loss from this
small-scale reactor was large. Agitation
EXPERIMENTAL

The amount of chlorine required for
leaching was determined in the 500-mL re-
actor, One hundred grams of concentrate
was slurried with water in the reactor,
and chlorine at room temperature was add-
ed to the reactor, The amount of chlo~-
rine added was determined by weighing the
bottle before and after the chlorine add-
ition. All of the chlorine was added

products does
Bureau of

dReference to specific
not imply endorsement by the
Mines.

provided by
rate of 225

of pulp during leaching was
shaking the bottle at a
c¢/min.

The rate of oxygen flow into the 500-mL
reactor was measured by a Hastings oxygen
flowmeter-totalizer, Timers were wused
for shutting off the heater and shaking
mechanism., A Fluke 2200B datalogger was
used to record time, gas flow, and tem-

perature data at equal time intervals,
Figure 2 shows the 500-mL reactor, the
control section, and oxygen mass flow-

meter. Chlorine was added from a lecture
bottle through a 1/4-in-0D Teflon fluoro-
carbon polymer tube to the reactor.

The l-gal reactor was a Pfaudler glass-
lined steel reactor with a steel jacket

(fig. 3). It had a titanium shaft and a
5-in=-diam four-bladed titanium turbine-
type impeller. The reactor jacket was

designed to allow either steam heating or
water cooling. Chlorine and oxygen addi-
tions to the reactor were determined by
gas-bottle weight loss, which was mea—-
sured with a top-loading 10~kg balance.
An air heat gun was used to warm the

chlorine bottle during chlorine addi-
tions. Temperature and pressure were
measured by  thermocouple and gauge,
respectively.

Filtration experiments were conducted
with a standard EIMCO 0.1-ft? filter
disk. The polypropylene filter cloth

used on the filter disk was constructed
of 0.0l-in~diam thread with a rectangular
weave of 100 threads per linear dinch by
50 threads per linear inch.

PROCEDURE

before the oxygen bottle was connected to
the reactor. Oxygen was admitted to the
slurry as the reactor was heated to the
operating temperature, The temperature
and pressure were maintained until the
flowmeter indicated there was no further
oxygen consumption. The slurry was cool-
ed to room temperature and vacuum filter-
ed through Whatman No. 5 filter paper in
a 15-cm—diam Buchner funnel., From 350 to

500 mL of water was used to wash the fil-
ter cake,



FIGURE 2. - 500-mL reactor,

The effects of pressure, pulp solids,
and temperature on leaching were deter-
mined in the l-gal reactor. The weights
of concentrate used to make up pulp sol-
ids of 30, 50, 60, and 70 pct were 1,286,
2,600, 3,150, and 4,200 g, respectively,
Water additions were 3,000, 2,600, 2,100,
and 1,800 g, regspectively. After chlo-
rine addition, the reactor was pressur-
ized to 30 to 100 psig with oxygen, and
the slurry was mixed with an impeller op-
erating at a tip speed of 1,300 ft/min.
The temperature was increased to the de-
sired operating level. A leaching time
of 7-1/2 h was used to allow the experi-
ments to be completed during normal work-
ing hours.

Filtration rates were determined with a
standard 0.1-ft2 leaf filter., The filter
disk, with the filter cloth facing down,

was placed in a stirred slurry. The fil-
ter disk was removed from the slurry
after 30 s and held for 90 s with the
filter cake facing wupward to simulate

cake drying.

FIGURE 3. - l.gal reactor.

The filtrate was mixed at 75° ¢ for 30
min with twice the theoretical amount of
zine necessary to cement the copper,
lead, cadmium, nickel, and cobalt and was

then filtered. After cooling to about
30° ¢, additional =zinc dust--about one-
fourth the amount of dust wused in the

first cementation-—was mixed with the so-
lution for another 30 min and filtered.
The second (30° C) cementation step was
necegsary because metals were redissolved
when the cementation product was left in
contact with the hot ZnCl, solution. The
metals redissolved so fast at elevated
temperatures that it was not practical to

separate the cementation product soon
enough to prevent the metals from
redissolving.

Metal analyses of leaching solutions

and residues were made by atomic absorp-
tion spectroscopy. Sulfur analyses were
performed using wet-chemical methods.
Silver in the concentrate was analyzed by
fire assay.



RESULTS AND DISCUSSION

CHLORINE REQUIREMENTS

A series of experiments was conducted
in the 500-mL bottle reactor at 50 pct
solids, 110° C, and 50 psig to determine
the chlorine—to—concentrate weight ratio
that would give high zinc extractions
while minimizing iron extractions. The
experimental results are summarized in
table 2. A chlorine~to-concentrate ratio
of 0.184 was sufficient for high zinc ex-
tractions and minimized iron in solution.
Zinc extraction variation was due to ana-
lytical errors in assessments of the
high-zinc content solutions. Achieving
the lowest iron concentration consistent
with high zinc extraction was important
because this minimized iron dimpurity in
the ZnCl, later produced by evaporative
crystallization of the pregnant solution.
All subsequent experiments to determine

interactions between pressure, tempera-
ture, and percent solids were conducted
with a chlorine~to~concentrate ratio of
0.184.

TABLE 2, - Effect of chlorine concen-—
tration on extraction of metals from
zinc concentrate

Cl,~to~ Metal dissolved, Fe in
concentrate pet filtrate,
weight ratio| Zn | Cu | Fe g/L

0.184 981 61| 0.0 0.0017
192 92| 75| .5 .33
.200 97 80| .7 .69
.206 971 85 1.3 1.4
.208 100 | 100 | 8.7 13.0

EFFECTS OF PRESSURE, TEMPERATURE, AND
PERCENT SOLIDS

The effect of oxygen pressure on ex-
tractions of =zinc an copper was deter-—
mined at reactor pressures from 50 to 100
psig, at 50 pct solids and 100° C. The
l-gal reactor was used in this experiment
and in all subsequent experiments. Fig-
ure 4 shows that the zinc and copper ex-
tractions were independent of oxygen
pressure,

The effect of temperature on the metal
extractions was determined uging

temperatures from 80° to 140° C, at 50
pcet solids, with the reactor pressurized
to 100 psig with oxygen., The results are
shown in figure 5. Zinc and copper ex-
tractions increased with increasing tem~
perature up to 120° C. The decrease in
metal extractions at higher temperatures
was attributed to the formation of a
molten—~sulfur coating on unreacted sul-
fides. At 140° C, the residue from
leaching showed two distinct fractioms,
A sulfur-coated residue, which was a
black mass, contained, in percent, 2.8
Zn, 0.55 Cu, and 26.4 S°. The rest of
the residue contained, in percent, 0,40

100~
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FIGURE 4, - Effect of reactor operating pres-
sure on zinc and copper extraction.
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Zn, 0.06 Cu, and 1.0 8°., Lower metal ex-—
tractions at 80° and 100° C indicated the
need for a longer reaction time (more
than 7-1/2 h).

The effect of pulp solids on leaching
was determined at 100° C and reactor
pressures from 50 to 70 psig. At less

leached solids
of pregnant

than 60 pct solids, the
settled normally and a layer

solution above the pulp was obtained.
The pulp approached the consistency of
whipped cream at 60 pct solids and of
mashed potatoes at 70 pct solids, At

these higher pulp solids levels, aeration
was hindered and gave less formation of
sulfate. When less sulfate is formed,
the amount of chlorine has to be in-
creased to obtain good metal extractions
because sulfate substitutes for chloride
ions, With insufficient chlorine, as was
the case at 60 and 70 pct solids, extrac-
tions were less than those at solids lev-
els below 60 pct (fig. 6). Copper ex-
traction was affected to a greater extent
than zinc because CuCl, will leach metal

sulfides while being oxldized to insol-
uble atacamite [Cup(OH)zCl] as the pH
increases,

Oxygen consumption as a function of

temperature for 30 and 50 pct solids at
70 psig 1s shown in table 3. Oxygen con-
sumption increased with Increasing tem~
perature, indicating that more sulfur was
oxidized to sulfate when the temperature
increased. However, at 50 pct solids and

100
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FIGURE 6. - Effect of pulp solids on zinc and

copper extraction,

120° C, the consumption of oxygen de-
creased. This decrease was probably the
net result of hindered aeration, less ox~-
ygen partlal pressure, and possibly less
sulfur surface area because of molten
sulfur particle agglomeration,

TABLE 3. - Oxygen consumption as a
function of temperature

(0,~to-concentrate ratio at 70 psig)

Temp, °C Pulp solids
30 pct 50 pct
80eseesvssesscnnssnesse | 0,13 0.12
100ceesaesesssassenesnes .13 14
120. cecensensasenconnene .19 .09

EFFECT OF TEMPERATURE ON OXYGEN
SUPPRESSION OF H,S

Formation of H,S in the absence of oxy-
gen is inevitable because the primary re-
action between ZnS and acid proceeds as
follows:

Zn$ + 2H* » Zn*t + HyS (1)
The formation of H,S can cause a sudden
surge in the reactor pressure that can

burst the rupture disk. The presence of
sufficient oxygen causes H,S to oxidize
into elemental sulfur and water according
to the reaction,

HQS + 1/202 + HZO -+ Soo (J)

Experiments were conducted to determine
the effects of temperature and operating
pressure on H,S formation. The results
presented in figure 7 were determined by
careful observation when rapid buildup of
pressure due to HyS began. The data were
obtained by leaching the zinc concentrate
at 50 pct solids and varying the tempera-
ture and reactor pressure. The reactor
pressure was regulated by the addition of
oxygen. H,5 formation was detected under
the conditions represented in the shaded
region of the figure. The data show, for
example, that leaching at 110° C (at 50
pct solids) required a wminimum reactor
oxygen pressure of 45 psig to suppress
the H,S formation and that higher tem-
peratures required  Thigher pressures.
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FIGURE 7. - Effect of temperature and reactor operating
pressure on suppression of H,S formation using oxygen.
Based on HyS formation information,
leaching conditions were controlled by
using sufficient oxygen pressure to sup-
press H,8 and favor the formation of ele-
mental sulfur,

SULFATE CONTROL

Chlorine—oxygen leaching converts part
of the sulfide content of the concentrate

into sulfate (reaction C),. The sulfide
that was converted amounted to 8 to 11
pet of the total sulfur content in the
feed, Sulfate concentrations were about

50 g/L S042~ after leaching. Control of
sulfate 1is required to prevent sulfate
contamination of the ZnCl, crystals pro-
duced in the process. To remove sulfate
ions from the pregnant solution during
leaching, chlorine-oxygen leaching tests
using CaCl, and BaS were conducted.
When CaCl, was used, sulfate in the fil-
trate was decreased to l.1 g/L. With
BaS, the sulfate content of the filtrate
was 0.04 g/L.

LIQUID-SOLID SEPARATION

The slurry from chlorine~oxygen
leaching was slimy and would not settle
or filter easily. To determine how the
material would behave Iin actual process
equipment, a series of flocculation tests

was conducted with slurry at a 40 pct
solids. The results are summarized in
table 4. Addition of a nonionic polymer
flocculant increased the settling rate
from 0.2 to 9.9 in, din 30 min when the
quantity of flocculant was increased from
0 to 1.0 1b/ton of solids. The pulp
obtained from the addition of 0.6 1b of
floceculant per ton of solids was used to
determine the filtration rate, The
results obtained with the standard
0.1-ft? leaf-filter apparatus were 21 1b
of filtrate and 23 1b of filter cake per
square foot per hour. The moisture
content of the filter cake was 24 pet.

TABLE 4, - Flocculation test

results
Flocculant, ' Settling rate
ib/ton solids in 30 min, in
O0i0cecesvesens 0.2
edhasesessnesns 6.0
I 7.8
leO0csvovecanas 9,9

ISeparan MGL flocculant (Dow
Chemical Co.).

ZINC SOLUTION PURIFICATION

Purification of the ZnCl, solution was
accomplished by zinc cementation (15).
The solution for purification contained,
in grams per liter, 97 Zn, 4.5 Fe,
2.0 Cu, 0,15 ¢Cd, 0.011 N1, 0.022 Pb, and
0.041 Co., After addition of 6.0 g/L Zn,
the metal 1mpurity concentrations were
much lower, except for iron. The lower
concentrations were, 1n grams per liter,
< 0.001 Cu, < 0,001 ¢Cd4d, < 0,002 Ni,
< 0.003 Pb, and 0.0049 Co; however, the
iron concentation remained at 4.5 g/L Fe.
As these data indicate, =zinc will not
cement iron, Thus, it 1s importapnt that
chlorine~oxygen leaching be cogﬂgited
under conditions that will yield a mini-
mal amount of d1ron in solution. When
leaching conditions are ideal, high zinc
extraction can be achieved while produc~-
ing a solution that contalns less than 1
mg/L Fe (13).



SUMMARY AND CONCLUSIONS

Chlorine-oxygen leaching extracted more
than of 95 pct of the zinc contained in a
concentrate that was not suitable as feed
for a conventional roast-leach-electrowin
plant because of its low zinc and high
iron content. The recommended leaching
conditions, based on the experimental
data are (1) 50 pct solids, (2) 100° to
120° €, and (3) pressurize with oxygen to

or BaS would be added to eliminate sul-
fate from solution, part of the zinc fil-
trate would be recycled to the leaching
reactor to maintain an adequate ZnCl,
feed concentration for crystallization,
and the precipitated copper and zinc com-
pounds separated from the wash water
would be recycled to the leaching reactor
to achieve good zinc and copper

50-70 psig. In an actual process, CaCl, extractions.
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