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Abstract: A new flowsheet was developed to recover the valuable minerals from oxide or oxide sulfide ores of lead
and zinc. The flowsheet consisted of flotation of sulfide minerals, desliming and sulphidization-flotation of oxide
minerals. The corresponding reagent system and techniques to the flowsheet were investigated. Batch and continu-
ous tests show that the dosage of sodium sulfide, temperature, and collector type are main affecting factors on the
recovery of smithsonite and cerussite. For the flotation of cerussite, there is an appropriate dosage of sodium sulfide
at which the recovery reaches its maximum value. The required sodium sulfide for smithsonite flotation is higher
than that for cerussite and the recovery of smithsonite flotation increases with the dosage of sodium sulfide at low
level and becomes insensitive at high dosage. The appropriate temperature for smithsonite and cerussite flotation is
found to be 25 =40 'C. Amines are found to be the effective collectors for the flotation of smithsonite after sul-
phidization. Investigation also shows that desliming prior to sulphidization-flotation is essential to the effective re-
covery of smithsonite and cerussite, and the desliming process of two-stage hydrocyclon is well feasible and effective
for the treatment of lead-zinc oxide ores. A further treatment on the cerussite flotation concentrate by shaking table
is proposed to obtain higher lead grade.
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1 INTRODUCTION

Smithsonite (ZnCOs) and cerussite ( PbCO3)
are two typical oxide minerals of lead and zinc.
They are semrsoluble type salt minerals with solu-
bility product constants of 1.46 x 10~ for ZnCOs
and 7.40x 10" " for PbCOs'". Zinc and lead oxide
ores are wellFknown refractory ones because of
their inferior floatability and dramatic influence
from slimes, which consists of both primary slimes
and secondary slimes created during crushing and
grinding processes. In order to enhance recovery of
the oxidized minerals, a lot of investigations have
been done and chelating type reagents are found to
be quite effective!” ?'. In practice, however, semr
soluble oxide minerals are typically recovered by
sulphidization-flotation technique!*” . Based on the
analysis of current technologies in the mineral in-
dustry, sulphidization-flotation technique is still a
competent and applicable option for the recovery of
oxidized lead and zinc minerals.

Sulphidization process converts the oxide min-
eral surface such as MCO3(M —metal element) in-
to sulfide surface. This process includes the disso-
lution of Na2S, in which HS™ and S* ions form in
aqueous suspension, adsorption of HS™ and S*
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ions on mineral surfaces, chemical and/or electro-
chemical reactions, in which MS forms on the sur-
faces, and possible dissolution of some surface spe-
cies. Since the sulfidized surface of oxide minerals
is hydrophobic, conventional froth flotation tech-
niques can be used to separate them from the
gangue.

The objective of this research is to develop a
flexible flowsheet dominated by sulphidization-
flotation and investigate corresponding reagent
systems and techniques for recovery of lead and
zinc from oxide sulfide ores.

2 EXPERIMENTAL

2.1 Materials

Table 1 lists the main chemical composition of
sample used in this research. The sample was
taken from Lanping Lead-Zinc Mine, Yunnan
Province, China.

The main valuable minerals in the sample are
smithsonite, sphalerite, cerussite, gelana, pyrite,
anglesite and hemimorphite. The other minerals
include calcite, quartz, clay, limonite and hema-
tite. The oxidation degree of zinc minerals is found
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to be 80%. Among zinc minerals, smithsonite is
found to account for 71%.

Table 1 Chemical composition of ore sample used
( mass fraction, %)

Pb Zn Cu S Cd Fe CaO

1.64 10.76 0.018 3.55 0.12 7.45 15.38

AL Os Si0- MgO Au Ag

2.55  30.74 0.33 2% 10 ° 1.14x107°

Mineralogy study also shows that most of zinc
and lead minerals appear in fine particles. Some of
them are closely associated with limonite, and
most of them are disseminated in the gangue min-
erals independently.

2.2 Methods

Batch flotation tests are performed in a 1.5 L,
cell. 500 g of samples, which are ground to desired
particle size ( 80% particles are less than 75 Hm)
prior to flotation, are used for each test.

Continuous flotation tests are conducted in a
pilot flotation unit, which has a throughput of 1.2
t/d. The run of mine ores, totally about 15t, is
first crushed to about 2 mm using jaw and roll
crushers. The materials are then fully mixed and
fed to ball mills. The steps of rough, cleaning and
scavenge flotation are calculated previously and
tested to fit for desired final recovery and concen-
trate grade.

It is worthwhile pointing out that desliming is
very crucial to the whole system performance.
This research uses two-stage hydrocyclone to re-
move slime, as shown in Fig. 1. The underflow of
the first cyclone is fed to cerussite flotation circuit.
The overflow is sent to the second cyclone as input
flow. The overflow of the second cyclone is discar-
ded as slimes. The underflow of the second cyclone
is pumped back to the first cyclone as partial feed.

Both batch and continuous tests use the same

Cyclone 1
Slime
Underflow Cyclone 2

(to flotation)

Fig.1 Desliming system design

design to remove slimes.
3 DESIGN OF FLOWSHEET

Oxide minerals of Pb and Zn often occur more
or less with their sulfide minerals. As described
above, a part of sulfide minerals of Pb, Zn and Fe
are present in the sample. In order to augment the
overall profits of mineral processing plant, it is
very important to recover as much valuable miner
als in the feed as possible. Generally, sulfide min-
erals have good floatability and should be firstly

HTBI - Slime will seriously

separated and recovered
interfere with the flotation of oxide minerals and
should be removed prior to flotation of oxide min-
erals. Therefore, in the designed flowsheet, sul-
fide minerals are first floated in the order of gale
na, pyrite and sphalerite. The underflow of sulfide
flotation circuit is then conducted at the desliming
stage for the removal of slime. The deslimed un-
derflow is fed to cerussite flotation circuit to float
cerussite. The final step of the flowsheet is the flo-
tation of smithsonite.

The apparent advantage of this flowsheet is
that all of the valuable minerals in the ores are re-
covered. Besides, the desliming operation can re
move most of the harmful slime, and increase ce
russite and smithsonite recovery. Meanwhile, the
desliming operation will remove remaining reagents
added in sulfide minerals at flotation stages, which
are also harmful to the subsequent sulfidization
flotation operation. If the desliming operation is
placed in advance of sulfide mineral flotation, this
advantage will not be present.

Continuous flotation tests indicate that it is
difficult to obtain sufficiently high cerussite con-
centrate grade only by froth flotation operation be-
cause of the low feed grade of it. Considering the
high specific gravity of lead minerals, the flotation
concentrate of lead is then fed to a shaking table to
obtain the final lead concentrate of high grade in
this design.

It is known that the froth mechanical proper-

[ 16] Il’l

ties are very important in mineral flotation
the continuous flotation tests, nonpolar oil is add-
ed in smithsonite flotation circuit. The addition of
non-polar oil enhances the hydrophobic characteris-
tic by the collector synergic adsorption and im-
proves the froth mechanical properties. Tests show
that the froth becomes clearer and more elastic
when non-polar oil is used. Because the load in
smithsonite flotation circuit is quite great due to
the presence of intermediate circulating load, the
improvement of froth properties enhances the
whole system performance.

The designed flowsheet for the treatment of
leadrzinc oxide-sulfide ores is shown in Fig. 2.
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table 2. Xanthate
Cerussite ; : :
Smithsonite flotation
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2. Clg amine
3.25-40°C
Smithsonite Tailings
Fig.2 Designed flowsheet and reagent system for flotation of oxide sulfide ores of zinc and lead
(SH —sodium hexametaphosphate)
4 RESULTS AND DISCUSSION
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4.1 Effects of sodium sulfide dosage on cerussite
flotation

Fig. 3 shows the flotation response of cerussite
as a function of sodium sulfide dosage. The result
is just expected that there is a maximum flotation
response of cerussite to the sodium sulfide dosage.
At low dosage level of sodium sulfide, the ceruss-
ite particle surface is not sufficiently sulfidised. At
high dosage, the adsorption of extra S*° ions on
the sulfidised film increases with the increase of so-
dium sulfide and the flotation of cerussite is hence
depressed. It is well known that the adding manner
of sodium sulfide can greatly affect the flotation
performance of cerussite. In this research sodium
sulfide is added into the pulp at a 5 min interval in
batch tests. In continuous tests, the sodium sul-
fide is added to different sites such as mixing
tanks, flotation cells.

Sodium sulfide dosage/(g-t1)

Fig.3 Grade and recovery of lead in
cerussite flotation concentrate as
function of sodium sulfide dosage

In the cerussite flotation circuit, xanthate is
used as collector, sodium humate as depressant

and sodium hexametaphosphate as dispersant.

4.2 Effects of sodium sulfide dosage on smithsonite
flotation

Fig. 4 shows batch flotation results. 18 carbon
amine is used as the collector. The dispersant and
depressant are the same as those used in cerussite
flotation. The amount of sodium sulfide required
for smithsonite flotation is much higher than that
for cerussite flotation. The optimal dosage of sodi-
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um sulfide is up to about 3 500 g/t. This partially
results from the higher grade of zinc in the feed.
However, the extra S ion has not shown a clear
depression effect on smithsonite flotation as it has
on cerussite. This is in agreement with the results
reported by Marabini et al. She found that the
smithsonite recovery is not sensitive to the Na»S
concentration when the concentration of sodium
sulfide is high!'”'. The reason for this observation
is that at high concentration of Na:S, ZnCO3 com-
ponent disappears totally and a dense coating of
ZnS is formed on the mineral surface. The surface
complexes are stable. Essentially, the full forma-
tion of ZnS on the surface of Zn oxide minerals re-
sults in the amine adsorption less sensitive to the
effects of concentration of NaS. The sulphidiza-
tion of cerussite is quite different from that of
smithsonite. The PbCOs on mineral surface never
disappears completely. Two new species, PbS and
PbS,0s, are formed. And only 70% ~ 80% of the
surface can be converted to sulfide species. These
sulphidization characteristics of cerussite result in
an optimal Na>S/ Xanthate ratio for the flotation of
cerussite.

100 50

80 - /—\ 40

%
g r / L 3
5 )
: | i =]
§ 40 20 N
N » — Zinc recovery
e — Zinc grade
20k <410

0 | L L 0
1000 2000 3000 4000 5000

Dosage of sodium sulfide/(g-t1)

Fig. 4 Grade and recovery of zinc in
smithsonite flotation concentrate as
function of sodium sulfide dosage

4.3 Effects of pH

The high dosage of sodium sulfide results in a
pH range of 10.5712. 0 in the flotation pulp. Flo-
tation results indicate that this pH range is suitable
for smithsonite flotation''”. It is known that
amine exists in suspension mainly in the form of
RNH.'"" in this pH range. It is expected that the
amine can be adsorbed at the smithsonite surfaces
through complex bonding, possibly chelating.
Generally, commercial sodium sulfide is cheaper
than other pH adjusting reagents such as Na2CO3
and NaOH and extra S* ions in the suspension do
not have harmful influence on the flotation of

smithsonite, as discussed above. Therefore, a rel-

atively high Na:S concentration is usually used in
order to achieve both a high pH value and suffi
cient sulphidization of smithsonite surface.

4.4 Pulp solid content

It is found that the good flotation performance
is obtained when the pulp solid mass concentration
is in the range of 35% ~ 40%.
(> 40%) is not practical due to the wear of equip-

Higher content

ment, high consumption of energy, and inferior
fluidity of pulp. However, if the content is below
25%, the flotation response is extremely poor no
matter how many reagents are used. Such a phe-
nomenon is also observed in phosphate flotation. It
is usually believed that in relatively high concent
pulp, the concent of reagents is also high so that
the adsorption of reagents on mineral surfaces is
dynamically favorable and the adsorption density of
reagents on surface will be increased. The flotation
response is thus enhanced.

4.5 Effects of temperature

Figs. 5 and 6 show the temperature effects on
the flotation of smithsonite and cerussite. It is evi-
dent that both the cerussite and smithsonite flota-
tion recoveries drop very sharply when the pulp
temperature is below 20 ‘C. Temperature influence
on mineral flotation has been investigated exten-
1719201 Marabini et al''’! reported that the
sulphidization of smithsonite surface at 40 T is
better than that at 20 'C, but if the temperature is
increased to 60 C, the sulphidization efficiency is

sively

decreased. Massacci et al reported that amine ad-
sorption at smithsonite surface in the presence of
low concentration sodium sulfide is an endothermic
reaction. However, if the concentration of sodium

sulfide is high and pH value exceeds 8. 5~ 9. 0,
there is a marked decrease in the heat evolved ™.
The fact that the heat evolved decreases indicates
that there is a decrease in the amount of adsorbed
amine in high sodium sulfide solution. From the
literature and results of this research, it may be
concluded that it is not applicable to float smith-
sonite at very high temperature such as at 60 C.
However, if the pulp temperature is too low,
e.g., below 20 C, the sulfidization and the amine
adsorption are not sufficient since the adsorption
reactions are endothermic. Thus appropriate tem-
perature for the flotation of cerussite and smith-

sonite should be 25 =40 C.

4.6 Influence of slime and desliming

The slime influence can be immediately seen
from Table 2, which shows the comparison of the
cerussite flotation test results with and without
desliming. The dosage of reagents is the same in
both cases except for sodium sulfide. Without des-
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Fig. 5 Temperature effects on flotation recovery
of smithsonite and cerussite

liming, the flotation of cerussite consumes more
sodium sulfide and yields a lower grade and recov-
ery of lead than those with desliming operation.
The effect of slime on oxide flotation is strong and
the reason is complicated'” *'".

Temperature/C

Fig. 6 Effects of temperature on grade of
smithsonite and cerussite concentrates

smithsonite. In laboratory, siphon and hydrocy-
clone desliming methods are tested. Experimental
results show that zinc loss in removed slimes is
higher and the grade and recovery of it in the con-
centrate are lower by siphon desliming than those

by hydrocyclone desliming.

It turns out that the desliming operation is es

sential for successful flotation of cerussite and

4.7

Continuous flotation results

Table 3 lists the results of continuous flota

Table 2 Effect of desliming on cerussite flotation

Without desliming

With desliming

Dosage of NaxS/ (g *

)

Pb grade/ %

Pb recovery/ %

Dosage of NaxS/ (g * t™ ')

Pb grade/ %

Pb recovery/ %

1050 2.30 31.03 850 8. 80 52.57
1250 3.20 40.72 1 050 11.05 63. 38
1450 3.85 45.72 1250 11.70 62. 89
Table 3 Results of continuous flotation tests
— s i;m - Grade/ % Recovery/ %
© Pb Zn S Pb Zn S
PbS Conc. 0.632 59.95 2.55 20. 05 23.09 0.17 3.50
Cerussite Conc. 1.950 16.90" 5.52 20.08 1. 00
Pb Total 2.582 27.44 4. 87 43.17 1.17
ZnS Conc. 3. 808 0.35 55.54 30. 19 0. 82 19. 66 31.76
Smithsonite Conc. 16. 800 1.53 36.28 15. 69 56. 66
Zn Total 20. 608 1.31 39. 84 16.51 76.32
FeS: Conc. 2.972 2.10 6.59 36.42 3.80 1.82 29.90
Slimes 15.94 2.03 9.73 19. 69 14. 42
T ailings 57. 898 0. 48 1. 165 16. 83 6.27
Run of mines 100. 00 1.641 10. 757 3.62 100. 00 100. 00

*

Grade increases to 48.35% after shaking table
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tion with the flowsheet proposed and reagent sys-
tems achieved above. Total running time is 104 h
with a total input of 15t of the ore. The results in-
dicate that the proposed flowsheet is feasible and
the reagent system achieved is effective for the
treatment and recovery of lead and zinc oxide-sul-
fide ores.

4.8 Mineralogy study of tailings

Mineralogical studies reveal that zinc minerals
in the tailing are extremely finely disseminated
ZnCOs, which is not liberated from gangues, and/
or zinc silicate, which is not able to be recovered

12231 Overall smithsonite flotation re-

by flotation
covery with respect to the total ZnCOs is estimated
to be 80% by comparing the contents of smithson-
ite in tailing and slimes with those in run of mine.
Smithsonite is mainly lost in the slimes. The parti-
cle size measurement shows that over 90% of
smithsonite particles in slime are less than 10 Hm.
This range of particle size is difficult to recover by
froth flotation.

S CONCLUSIONS

1) A flowsheet that includes flotation of sul-
fide minerals, desliming, and sulphidization-flota-
tion of oxide minerals for the treatment of lead-zinc
oxide sulfide mixed ores has been developed and
the corresponding technology and reagent system
to the flowsheet have been investigated in this
research. The results of batch and continuous ex-
periments indicate that the flowsheet is feasible
and applicable, and all of the valuable minerals in
the feed can be recovered in the processes. The re-
sults also suggest that sulphidization-flotation
process is an effective and applicable technology for
the recovery of oxide minerals, such as smithsonite
and cerussite. It is shown that desliming prior to
flotation of smithsonite and cerussite is essential
for successful recovery of the minerals, and a
desliming operation of two-stage hydrocyclone is
well feasible for the treatment of lead-zinc oxide
sulfide type ores. A successive treatment of the ce-
russite flotation concentrate by shaking table is
proposed to further improve Pb grade of the con-
centrate.

2) Experiments show that the dosage of sodi-
um sulfide, pulp temperature, and collector type
are crucial affecting factors on the recovery of
smithsonite and cerussite. The dosage of sodium
sulfide depends on the grade of smithsonite and ce-
russite in feed. For cerussite there is an appropri-
ate dosage level of sodium sulfide, and the recover-
y of cerussite drops with the increase in the dosage
beyond that level. Flotation recovery of smithson-
ite increases with the increase of sodium sulfide at

low dosage and becomes insensitive to it at high
dosage. The appropriate flotation temperature for
smithsonite and cerussite is found to be 25 =40 C.
Amines are found effective collectors for the sul-
phidation-flotation of smithsonite.

3) Based on the flowsheet, a cerussite concen-
trate of 16. 90% Pb and a smithsonite concentrate
of 36.28% Zn are obtained from the tested sample
under above conditions in the continuous tests.
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