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Mineral Processing Techniques Present Status & Prospect
of Lead-Zinc Sulfide Ore in China

I. General situation of lead-zinc ores in China

China’s orebeds can be divided into six types. skarn, metamorphic rock, car-
bonatite. extrusive-sedimentary rock. comprehensive rock and weathered residual
rocks. The mines under production are mainly of carbonatite and comprehensive rock
type. which account for over 70%. Mines of skarn and weathered residual rock type
only accounts for less than 10%. On the basis of oxidation degree, ores in China’s
lead-zinc orebeds can be divided into three basic types, that is, sulfide ores, mixed
ores and oxide ores. Zinc is the chief constituent in the resource. The grade ratio of
lead to zinc is 1:2- 45. while the total ratio in the world is 1:1 [8,10,3].

l.ead-zinc resources are very abundant in China, distributing in southwest,
northwest and central south part of the country. As viewed from the production of
lead and zinc. their uiilization degree is not high. Since China’s production of lead
and zinc only accounts for 3. 3% and 3. 9%. respectively. the potential of developing
China lead and zinc production is enornious. At present, there are nearly 100 lead-
zinc mines in the country. Among them. 9 are key mines. Up till now, Guangdong
Fankou l.ead-Zinc Mine has still been the largest lead-zinc production mine in China.
Undergroud mining is applied in all the nine key mines. only some small mines are of
open-pit mining. the mining amount of which only accounts for 5% of the total min-
ing amount of all lead-zinc mines. ‘

Changba l.ead-Zinc Mine Area and Xitieshan lead-Zinc Mine Area are the main
lead and zinc resources in the northwest area. The resource of lead and zinc in
Chargba belongs to the large-scale intermediate-low temperatare hydrothermal fill-
ing-replacement orebed associated with minor-dispersed metals and noble metals like
Ag. Cd. Tl Ga. Ge, In. etc. The main valuable minerals in the sulfide ores are
lead sulfide, zine sulfide, pyrite. ete. o and the main valuable minerals in the oxide
ores are smithsonite. calamine. cerusite and so on. In Xitieshan l.ead-Zinc Mine of
Qinghai Province s according to the natural ore type. there exist mainly sulfide and
oxide ores. while mixed ores are not developed. Most of the oxide ores are of.sulfmc
minerals o assuping carthy and powdery . the oxidation rate of which is rather high,
The sulfide ores assume compact-massive. disseminated and veinlet forms. The min-
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eral composition consist of galena, sphalerite, pyrite, pyrrhotite, chalcopyrite,
white pyrite. etc. . and the gangue minerals are quartz, sericite, calcite, chlorite and
gypsum.

l.ead and zinc resources in the southwest part are rather concentrated, especially
in Yunnan and Sichuan Provinces. lanping Mine in Yunnan is a huge mine area
rarely seen in the world, the reserve of which is only next to the lead-zinc mine area
in the southeast part of Missouri State. USA (grade 4—6% ), Marsal Mine Area in
Australia (grade 14-1%) and Shalywen l.ead-Zinc Mine Area in Canada (grade
11.9%), ranking the fourth place in the world. The average grade of lead plus zinc
in Lanping Mine is 9. 38%. Half of the metal amount comes from oxide ores. Besides
Pb and Zn. it is also associated with various valuable elements like Ag, Cd, S, In,
Tl. Ba, Sr. etc. According to the preliminary estimation, on the basis of the recov-
ery value of every metal in the lead-zinc mine, the value per ton lead-zinc ore is e-
quivalent to 2 to 6 times that of the common copper ores.

Huili L.ead Mine Area in Sichuan Province contains 80% of sulfide ores. The up-
per part of the orebody is deeply oxidized. the lower the part, the lower the oxida-
tion rate is. The main metal minerals in the sulfide ores are sphalerite, galenaand
small amount of pyrite. chalcopyrite. cadmium blende, aphthonite, argentite, dark
red silver ore. etc. The characteristics of the minerals’ intergrowth lie in that part of
the metal sulfides are compacted with each other in super fine particles. For in-
stance, 1/3—1/2 of galena curstals of 5-25um are interlaid in sphalerite; most of an-
timony-silver fahlore is interlaid in galena and sphalerite in the particle size of 2—
26pm; chalcopyrite is mostly disseminated in sphalerite in the particle size of 5—
10pm. All this makes the floatability of sulfides close to each other and causes diffi-
culty in their separation. Fankou Mine is a typical lead-zinc resource in central south
area. It is characterized not only by its large reserve but by its high grade. the aver-
age grade of Pb+Zn reaches 16% (Pb grade>5.0%., Zn grade>10.0%).

‘v

I1. Mineral processing techniques for lead-zinc sulfide ores

Lead-zinc ores mined in China are mostly of carbonatite type. The main metal
minerals are galena, sphalerite, pyrite and chalcopyrite; the gangue minerals are cal-
cite, quartz. muscovite. mica. chlorite. garnet, feldspar, etc. ; the associated ele-
ments include Ag. Cd, In, Tl. Ge. etc. Mos! of the carbonatite type lead-zinc ores
occur in the intermediate or intermediate-low temperature hydrothermal crevasse fill-

ing replacement orebeds. their structure are mostly in campact-massive. veinlet and

020
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disseminated forms followed by banded., network vein, starry, breccia forms, etc.
Generally, the intergrowth between the valuable and gangue minerals is rather sim-
ple but the interlaying between valuable minerals is very complicated. the interlaying
or dissemination particle size occurs heterogeneous or extremely heterogeneous.

The largest particle size of lead-zinc minerals can reach 1 —20mm and the small-
est 0. 004---0. 0Olmm.

Selection of mineral procssing flowsheets for Pb-Zn sulfide ores

1. Selection of Grinding Flowsheets
The selection of grinding flowsheets is determined by the intergrowth relation-
ship and disseminated particle sizes between valuable minerals containing Pb, Za, S

and between these valuable minerals and gangues.

(1) One-stage grinding flowsheet

Generally, one-stage grinding flowsheet will be applied when the intergrowth
relationship between the metal minerals and gangue minerals in Pb-Zn sulfide
orebeds is not complicated: the disseminated particle size of the valuable minerals is
comparatively homogeneous or these minerals assume heterogeneous interlaying in
Coarse particles. Take Huangshaping l.ead-Zinc Mine as example, the ore structure
is complicated with compact-massive, disseminated, breccia, veinlet and banded
forms., but mostly in the compact form. Besides, the interlaid particle sizes of gale-
na, pyrite and sphalerite are rather coarse, generally ranging from 0. 2—0. Imm. So
one-stage grinding flowsheet is used there and the run-of-mine is ground to 60—65%
of —200 mesh.

(2) Multi-stage grinding flowsheet

When the intergrowth relationship between valuable minerals and gangues in
the Ph-Zn sulfide orebed is complicated and valuable minerals assame heterogeneous
interlaying and distribution. the multi-stage grinding flowsheet is recommended. In
this way. not only the coarse interlayed and distributed valuable minerals can be suf-
ficiently liberated into single constituents but it will not be overground also. In addi-
tion. multi-stage grinding can make fine or superfine particle interlaid and distribut-
ed valuable minerals sufficiently liberated into single constituents, which is beneficial
10 the recovery of valuable minerals. Usually the multi-stage grinding is applied in
way of tailings regrinding and rough concentrates regrinding. As for Pb-Zn sulfide
ores. the middlings regrinding flowsheet is seldom applied. So here we will only give

e 3.
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some examples on tailings regrinding and rough concentrate regrinding.

Example 1: Ores from Shuikoushan lLead-Zinc Mine belong to the intermediate
temperature hydrothermal replacement orebed. Most of them are of compact-mas-
sive form but a small part of them are of veinlet disseminated and breccia forms. The
valuable minerals are interlaid and distributed heterogeneously. The coarse particle
size of galena reaches 1.3mm but the fine one is only 0.007mm, usually 0.7 —
0.042mm. The finest particle size of sphalerite is 0. 012—0. 004mm, usually 0. 84—
0.072mm and for pyrite, the finest is 0.03—0. 0lmm, generally 1.4—1.0mm. In
order to guarantee the valuable minerals to be sufficiently liberated and not over-
ground. the run-of-mine is roughly ground to 50—60% of —200 mesh and then the

tailings from scavenging is reground to 85% of - 200 mesh.

Example 2: Ores from Fankou Lead-Zinc Mine belong to the intermediate-low
temperature hydrothermal cravasse filling-replacement orebed. mainly containing
pyrite and Pb-Zn minerals. The interlaying relation of valuable minerals is very com-
plicated. The interlaying and distribution particle sizes of sphalerite and pyrite are
rather coarse. so they can be basically liberated into single constituents when ground
to 80% of — 200 mesh. As for galena. not only the interlaying and distribution parti-
cle size is extremely fine, but the interlaying characteristics are complicated also.
Though small part of galena particles are in coarse size, 0.5—1. O0mm, most of them
are in hoterogeneous fine particle interlaying. The smallest particle size is 0. 01 —
0.04mm or less and most fine-sized galena are compactly interlaid with fine-sized
pyrite. All these factors force Fankou Mine to take the multi-stage grinding flow-
sheet. The flowsheet is as follows: The run-of-mine is first ground to 80% of —200
mesh. so-that most of the sphalerite and pyrite can be liberated into single con-
stituents and part of the minerals containing Zn and S will be combined with galena,
entering b rough concentrate in the state of aggregate. The rough concentrate is
then reground to over 90% of -~ 400 mesh. so that galena, sphalerite and pyrite can
all be liberated into single constituents. with this grinding flowsheet, satisfactory

results have been obtained in Fankou Mine.

2. Selection of the flotation flowsheet
Generally. the contents of valuable minerals in Pb-Zn sulfide ores are rather
low. These minerals are mostly in fine particle dissemination and are often associated
with various valuable constituents such as valuable minerals containing Pb, Zn, Cu
. 4 .
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and S. The flotabilities of them are obviously different. These conditions decide that
flotation should be applied for Pb-Zn sulfide ores. There exist many factors affecting
the choice of flotation flowsheets. The most essential factors are: the dissemination
characteristics of valuable minerals in the ore; different kinds of valuable con-
stituents; values and contents of these constituents and other physical and chemical

properties of the ore. Generally, the minerals’ interlaying features will decide the

ed by the users’ requirement for the concentrate quality. The conventional principle
flowsheets for Pb-Zn sulfide ores are two-straight selective flotation and bulk flota-

tion. from which other flowsheets with different names can be derived.

(1) Flowsheet of straight selective [lotation

The flowsheet is as follows: After the grinding of the massive ore, some de-
pressors and activators are added properly. Then according to the sequence of differ-
ent flotabilities of various vrluable minerals. flotation is taken place in these miner-
als in succession. this flowsheet is advantageous to the separation between valuable
minerals and to the separation betwween valuable minerals and gangues. Generally,
high-quality concentrate can be obtained in this way. For this reason, the straight
selective flotation flowsheet is mainly used for rich ores of coarse particle dissemina-
tion which contain various metal minerals with high contents but contain less
gangues. This flowsheet is also suitable for compact-massive sulfide ores containing
a large amount of sulfide minerals, no matter what the production capacity is or how
complicated the property of the run-of-mine is. However, this flowsheet is more

suited to the concentrators with small production capacity.

(2) Bulk flotation flowsheet

The bulk flotation flowsheet is suitable for the beneficiation of lean ores and
ores in which the valuable minerals are in the form of aggregate or'in compact inter-
growth. The ores must first be ground 1o the degree that the mineral aggregates can
be separated from gangues. then flotation starts. The valuable minerals will come
into the froth product called “bulk concentrate” . which will be separated again to
get individual concentrates.

‘The advantages of this {lowsheet are: The run-of-mine can be roughly ground
so that a lot of tailings can be discarded as carly as possible; equipment and invest-
ment for grinding and {lotation can be reduced; reagent consumption can be saved in
the separating operation. If the product is lead-zine bulk concentrate, higher recov-
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ery can be abtained by bulk flotation than by straight selective flotation.
The disadvantage of this flowsheet is: During bulk flotation, large amount of
reagent will remain on the surface of minerals, which makes the separation between

valuable minerals difficult. so it is difficult 1o get high-quality concentrates.

(3) Other flotation flowsheets

With the development of mineral processing techniques, since 1970’s, new pro-
cesses or flowsheets such as flotability-ranking flotation. coarse-fine separating
flotation. branching in series flotation and stepwise flotation and repid flotation have
come out one after another, which are the development of conventional straight
flotation and bulk flotation.

In flotability-ranking flotation. the valuable minerals are divided into two
parts. the easy to float part and the difficult to float part. according to their flotable
properties. The two parts will be put in bulk flotation. respectively. to get their
own bulk concenirates. Both of the bulk concentrates will then be separated in order
for obtaining individual concentrates containing valuable minerals. This flotation
process takes advantage of the natural flotability of minerals and eliminates the com-
plicated physicochemical change caused by the addition of large amount of regula-
tors. Therefore. it has the following advantages: Without overdose of depressors,
valuable minerals can float sufficiently. which is beneficial to increasing recovery;
Without overdose of activators, it is beneficial to increasing the concentrate quality
and saving reagent consumption in separation. Especially when there exist in the ore
Zn minerals both easy to float and difficult to float, only by flotability-ranking flota-
tion can good results be obtained. All other flotation processes are not efficient as
this one. Now let’s take Huangshaping Mine as example. The ore in this Mine is
mainly composed of polymetallic sulfide minerals like galena, marmatite, pyrite with
quite a few of emulsified-interlaying marmatite and chalcopyrite. The ore contains
Pb2--3.5%.2Zn4.5—6% and S 2—18% and the main gangues are quartz and cal-
cite. There often exist some carbonaceous substances in the ore which is disadvan-
tageuos to flotation. The interlaying and dist-ibution of the valuable minerals are
hoterogeneuos. Interlaid by intermediate-sized and fine-sized particles, these miner-
als are mostly in the form of compact intergrowth. Since its putting into operation in
1967 . the mill had applied in order the complete flotation of ground ores (bulk flota-
tion) and partial bulk flotation. However. results were unsatisfactory; the reagent
consumption was cnormous; separation of Ph from Zn was difficult; operation was
uneasy to comtrol and the sulfur recovery by partial bulk flotation was very low.

6.
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Since the f{lotability-ranking flotation was applied in 1971, the results have been

much better. The production practice of over twenty years indicates that

a. In the flotability-ranking flotation zone mainlly for Pb separation, generally,
the floating amount of Zn is 20— 40% and that of S is 50—-60%. When this part of
naturally flotable Zn and S are separated from Pb, they are easier to be depressed,
creating a good condition for obtaining high-quality Pb concentrate. As a result. the
Pb concentrate contains Pb 70. 74% . Zn 2.93% and S 16. 23%, which is the best re-

sult compared with those from other flotation fiowsheets.

b. In the flotability-ranking flotation zone for Pb separation, generally the Pb-
operation recovery is 93 —95% and the separating operation recovery of Pb is 95—
97%.- In the Zn. S flotability-ranking flotation zone. the operation recovery is 96.5
- 97.5% and the separating operation recovery of Zn is 95—97%. So the total re-

covery of Pb and Zn are stabilized at over 90% and 92%. respectively.

c. In the flotability-ranking flotation process. the reagent consumption is not
high. The reagent cost in this process is only 60% and 40% that of partial bulk

flotation and one-stage grinding complete flotation, respectively.
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Comparison of results f[rom different technological

flowsheets in Huangshaping Mine (%) Table 1 [7]
Grade Recovery Relative reagent
Technological flowsheet Product }-—-
b | Zn 3 Pb | Zn S |cost. % (Yuan/t)

Partial bulk flotation 2.96} 6.06 |15.65}100.0}100.0{100.0 100
One-stage  grinding  and | run-of-

2.68 | 6-314]13.45]100.01100.0}100.0 158
complete flotation mine
Flotability-rarking flotation 2.98 | 5.58 {13.60{100.0]100-0}100.0 58
Partial bulk flotation 63-701 6.72 [17-67(89.40] 4.61 | 4. 48
One-stage grindingand com- Pb

61.41]6-64 /18.10}88.78} 4.07 ] 5.20
plete flotation lconcentrate]
Flotability-ranking flotation 70-74]1 2-93 116.23}190.52) 1.99 ] 4.55
Partial bulk flotation 0.62 j41.16]30.95] 2.81 {91.57]27.80
One-stage grinding Zn

0.52 1 43-93131.06] 2. 54 |89.00(30.02
and complete flogation conccnuah?
Flowahility -ranking flotation 0.63 J44.50{31.53} 2. 47 |92. 50] 26. 94
Partial bulk flotation 0.9011.22131.22;2.13) 1.27 }19.79
One-xtape  prinding  and S

0.46 ) 1.04 ]37.15] 3.42 ] 3.28 |54. 81
complete flotanon concentrate
Flotability-ranking {lotation 0.5210.75131.62| 3.94 | 3.05 |52.7S
Partial bulk flotasion 0.22]10.20]9.93|5.66)2.55}47.98
Onc-stage  grinding  and .

tailings [ 0.2210.37|2.13]5.26}3.65]9.97

complete flotation
Flotahility -ranking floration 0.15§0.2213.45{3.07}12.40/15.76

Another successful example for the flotability-ranking flotation process is 70 #
Mill in Huize Pb-Zn Mine. The technological flowsheet of flotability-ranking flota-
tion-high alkality selective flotation is shown in Fig. 1, by which good results can be

obtained (see Table 2)
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Run of mine
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|

Zn {lotation

b concentrate

Fig. | Principle flowsheet of flotabitity ranking flotatin— high

i

Zn cleaning

{

Zn concentrate

alkality sclective f{lotation

S concentraie

Results from pilot tests by flotability ranking flotation-high
Table 2. [1]

alkality sclective flotation

In the branching in series flotation process, the raw pulp is first divided into
two or more branches and the froth from the rough flotation of the former branch
will combined with the latter Lranch for flotation together. After that, they will be
connected in series properly and supplied with corresponding reagents. For instance,
Shuikoushan Pbh-Zn Mine has replaced the Zn-S bulk flotation system by the branch-
ing in series flotation process. that is. the pulp to be floated is divided into two
hranches and then put into {lotation in one rc~ of flotation machines. In this case,

the middlings regrinding operation can be eliminated. The advantages of this process

O I

Grade . % Recovery. %
Name of product Yicld. %

I'b Zn Fe |Ag.g/t] Pb Zn Fe Ag
Pb concentrate 10. 82 66.16 592 S- 63 503.8 | 91.79 3-47 6-91 79. 69
Zn concentrate 32.11 0.74 | 53.80 | 4:17 | 59.31 3.08 | 93.56 | 15.18 | 20.46
S concentrate 27.74 1.28 2.13 | 30.54 | 21.30 | 3.59 2.49 |} 75.20 | 5.24
Tailings 35.33 0. 34 0. 26 0.69 4.00 1.54 0.48 2N 1.61
Run-of-mine 100. 60 7.80 | 18.47 | 8.83 | 88.38 | 100. 100. 100. 100.

AY




Workshop on Mineral processing of Pb & Zn Sulphode Ores "93. Guangzhou, China

are [2].

a. Recoveries of Pb and Zn have been increased by 2. 25% and 1. 13%, respec-
tively.

b. Qualities of Pb and Za concentrates can be improved.

¢. The reagent consumption is reduced.

d. The flowsheet is simplified and operation stabilized.

The stepwisc [lotation pracess is developed on the basis of flotability ranking
flotation. Unlike the traditional bulk flotation. this process will not let Pb and Zn
float together but it will try its best to create proper flotation conditions for the two
minerals. In the flotabilitly ranking flotation for Pb. Pb will be completely floated
up in onz run while in the stepwise flotation process. the part of Zn and S with iden-
tical flotability will float up simultaneously. The stepwise flotation process can cre-
ate individual optimum flotation conditions for galena and sphalerite in different op-
erztions step by step. Whether at the first step or the second step, Pb and Zn will
float up at the same time, In the first step of Pb-Zn stepwise bulk flotation, the
method of flotability ranking flotation (no addition of regualtors) is kept, in which
Pb flotation is incomplete. allowing galena of poor flotability to be floated at the sec-
ond step or float up together with sphalerite that is activated by copper sulfate. This
process is suitable for pelymetallic sulfide ores for increasing recoveries of associated
noble metals gold and silver or for obtaining bulk concentrates. With this process,

the intermixing loss can be reduced and recovery be increased.

Examples of the flowsheet of stepwise flotation:

a. Stepwise flotation for Ph

This fiowsheet is suited to the raw ore in which Pb is the main‘constituent with
less S content and Pb is the main Ag-carrier mineral. At the first step. it is focused
on fine lead flotation and no strong depressors are applied. resulting in the recovery
of fine lead and silver. At the second step. coarse lead and silver will be recoveried

so that rather high Ph-Ag recovery can be guaranteed. (See Fig. 2)

b, Ph-Zn stepwise bulk flotation
In this flowsheet, regulaters will not be applied at the first step and sphalerite
and pyrite should enter the forth product as less as possible. High pH is applied and

o JQ) -




Workshop on Mincral processing of Pb & Zn Sulphode Ores 93, Guangzhow ., China

copper sulfate is added for activation of sphalerite at the second step of bulk rough
flotation so that pyrite can be depressed and the second step Pb-Zn bulk flotation fo-
cusing on Zn can be realized. By means of this process ,minerals containing Pb, Zn

and Ag can be recovered to maximum. (See Fig. 3

Run of mine

Grinding (P

- [ First step for fine lead rccover_v‘—l

L 2

J

- v
‘ Separation of Pb from Zn Second step for coarse lead recoveryl
l PS

J

- ‘ Separation of Pb from Zn

: |

Pb concentrate Zn concentrate or Zn flotation

Fig. 2 Stepwise Pb flotation {lowshcet

Run of mine

Grinding O 85% of —0.074mm
only with collectors but no regulators
i

First step bulk floation <—

} Ca(OH),
k CuSO,

'
‘ Second step bulk flotation

PR |

Grinding Q 87% of —0.043mm :
[Firs( step first cloaningl Scavenging <

it

T ]
.., Econd step first clcnt\in:l Tailings
___I-_ s
[gc;:\&- .cl c1 ni "‘g-‘
N N
gr:\dc'(l‘b+Zn)=5.l.5—55.5% ’

Pb—Zn bulk concentrate secovery 1 Ph 89, 4% .Zn 94—97%,
Ag 88. 19%

Fig.3 Ph-Zn siepwise ik [lotation

e 1t
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Production practice of the stepwise flotation process:

a. Production practice in Huangshaping Pb-Zn Mine applying the two-stage
(first treating fine particles then coarse particles) stepwise flotation proceess indi-

cates that Ag recovery in Pb concentrate has been increased from 52. 75% to 67%.

b. Since the application of Pb-Zn stepwise bulk flotation in Fankou Pb-Zn
Mine, the grade of Pb-Zn bulk concentrate produced has reached 54. 5—55. 5% the
Pb recovery 89.4% and Zn recovery 94 — 97%. Moreover, the Ag recovery has
amounted to 88. 19% . nearly 88. 7% of the theoretical value of Ag being distributed
in Pb-Zn minerals. The sufficient recovery of Ph. Zn and Ag has thus been realized

and the cconomic benefit is remarkable.

3. Selection of the reagent regime

There are many mineral prcessing reagents in China provided for the flotation of
Pb-Zn sulfide ores. We have some chemical plants specially producing reagents for
_ mineral processing. "Various reagents are produced and developed there, such as col-
lectors often used in the flotation of Pb-Zn sulfide ores- -butyl xanthate, ethyl xan-
thate, sodium diethyl dithiocarbamate, ammonium butyl dithiophosphate, etc. » and
regulators like lime, sulfuric acid. zinc sulfate, copper sulfate, sodium sulfide, sodi-
um hyposulfite. etc. The selection of the flotation reagent regime mainly depends on
the properties of the ore treated, the principle flowsheet applied and the produc's to
be produced. Nalumlly factors, like environment protection , economic cost and so
on should also be taken into consideration. Finally, it should be determined by
tests.

In early 1970%., the P.R. C. paid attention to the influence of cyanides on hu-
manbodies and environment protection and developed various methods to replace
cyanides in flotation. Especially after the »National Cyvanide-free Mineral Processing
Conference” held in 1976. most concentrators eliminated cyanides dichromates,
which is a great advance in polymetallic mineral processing. At present, only few
concentrators are still using a small amount of cyanides.

Separation of Ph from Zn: For the Ph-Zn ore which does not contain secona.ry
copper but only contain small amount of pyrite in coarse particle interlaying, good
separation results can be got by the application of sodium carbonate-zinc sulfate-sodi-
um sulfide (Panjiachong Concentrator). the application of zinc sulfate-sodium sulfide
(Siding Concentrator in Guangxi Province) and by the application of sodium hyposul-

e 12
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fite-sodium carbonate-zinc sulfate (Taolin Concentrator). When the ore containing
some easy-to-float pyrite is treated . the flotability of pyrite is cluse to that of galena,
which will critically interfere the separation of Pb from Zn and S. If the traditional
Pb-processing method is applied . pynte will float up together with galena. When the
ptl value is increased . not only pyrite but galena is also depressed. Meantime, spha-
. lerite will float up too with the increase of pH value. Therefore. in the processing of
these ores. we have to break free from conventional reagents. For example, in
Fankou Mine. larpe amount of lime (pil > 11.5) s applied to depress pyite; zinc
sulfate is appiled to depress sphalerite and xanthate with long hydrocarbon chains is
applied to collect galena. This reagent regime has the drawbacks of high reagent con-
sumption. but at that ume Fankou Mine did get good results and economic benefit,
making the grade of Phconcentrate increase from 43.23%4 10 53, 12% and the Pb re-
covery from 75.43% to 78. 49% in the selecuve flotation flowsheet. (11, 12] Since
the application of techniques like combination of collectors. new type of depressors

and rapid flotation, beneficiation results have got a new increase.

Separation of Zn from S.

Generally . in Zn-S separation. copper <ulfate is used for activating sphalerite
and lime for depressing pyrite. but some individual concentrators are still using the
method of heating the ore pulp (to 500 C) so as to increase the Zn-S separation effi-

ciency and reduce lime constmption.

Separation of Cu from Pb:

For Ph-Zn sulfide ores containing Cu. usually the Cu-Pb bulk flotation is ap-
plied first. followed by separation techniques. The classical method for Cu-Pb sepa-
ration is the cyanide process. in which Cu is depressed and Pb is floated or the
dichromate process. in which Pb is depressed and Cu s {loated. Previously, nearly
85% of cyanides in the polymetallic ore depressing plant was consumed for the Cu-
Pl separating operation. However. as both cyanides and dichromates are toxic.
harmful to people'’s health and environment protections ROW they are rarely applied
in the mineral processing plants in China. At present, the commonly used processes

for depressing Pb and floating Cu are as follows;

a. Heating the pulp with the addition of sulfureous acid:
Under the condition of pll = 6 and the pulp temperature 45 - 50C . sulfurous
acid s added (density of SO, 0.2 o) into the pulp. The collector adsorbed on the
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surface of galena begins to desorb. so the Pb-depression is realized. In addition, sul-
furous acid is advantageous to the cleaning of the surface of copper minerals. leaking

to the increase of Cu flotabilitly.

b. Process of adding sulfurous acid and sodium sulfide :
The process is also effective for the ore containing large amount of slime and

secondary copper sulfide.

¢. Process of adding sodium pyrophosphate and carboxyl methyl cellulose:
This process can take the place of the dichromate process. Anyway. in the sepa-
ration method of depressing copper and floating lead, a small amount of cyanides are

still used. Gt can be in combination with zinc sulfate)

4. Comprehensive recovery of other metals

In terms of statistics, 45% of silver production in the world come from the
products of Pb-Zn mineral processing. One third silver produced in Clina are from
Ph-Zn ores. Therefore. it is an important approach to increase the comprehensive re-
covery of noble metals for rising up muneral precessing economic benefits of poly-
metallic sulfide ores. In the past, the level of Ag recovery in China is unsatisfactory,
remaining at the level between 40—75% in all Pb-Zn mineral processing plants. For
the recent decade . the development of China’s electronic industry has quickened the
attention paid to silver recovery. Research work on it has been done and the silver
recovery in many Pb-Zn concentrators has been obviously increased. For instance,
the raw ore in Bajiazhi Pb-Zn Concentrator contains 150 —200g/t of Ag. After they
applied the cyanide-[ree flotation process and took other measures, Ag recovery has
attained to 69.26% from 30%. Ag recovery in Hyangshaping Mine has increased
from 52.75% to 67% and that in Fankou Mine has reached 88. 19%., close to the
theoretical recovery of Ag distrbuted in the Pb-Zn ore. 88.7%. ‘Gold has a rather
close relationship with copper. so there is not so much gold recovered from Pb-Zn
ores. As for the minorly-dispersed metals like Ge.Ga.In,Cd,Tl,etc. . they are also
important objects for comprehensive recovery. but their recoveries are directly relat-

ed to the recovery of Ph-Zn.
111. Research work and prospects

Theoretical research work on mineral processing of Pb-Zn sulfide ores has been
. !4 .
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carried out long in China. Professor Wang Dianzuo. a committee menber of the Aca-
demic Department of the Chinese Academy of Sciences and a foreign academician of
American Academy of Engineering Science. has made a new approach to the flotation
mechanism of sulftde ores by means of the foundation and methods in modern electr-
chemistry. quantum chemistry and semiconductor theory. He has explained three
long-argueed theoretical problems. the roles that oxygen plays in flotation, the
collectors’ mechanism and the natural flotabilities of minerals. On the basis of a
large amount of testing data and theoretical derivations. he and his collaborators
have developed the theory and technology on collector-free flotation, which is an im-
portant direction for the mineral processing of fine refractory ores. In the treatment
of complicated. fean and fine-sized ores. as the mineral particles are extremely fine,
their specific surface 1s enlarged and the reagent consumption is increased, which af-
fects the flotation course and environment protection; while for collector-free flota-
tion . separation is conducted by controlling the electric potential of the pulp. By tak-
ing adbantage of minerals’ own hydrophobicity . collectors can be eliminated or used
in small amount. so the pollution to the environment can be reduced. According to
Professor Wang's collecior-free theory . whether collectors exist or not, the purpose
of separating sulfides by flotation can be reached by properly controlling the pulp
clectric potential (the oxidation-reduction atmposphere) and pH value so as to con-
trol the condition of forming S element or other hydrophobic substances on the sur-
face of sulfide ores. This theory is highiy valued by many colleagues in the mineral
processing circle. Besides, he has also created the " Molecule design of mineral pro-
cessing reagents” theory. [13]

Another important direction of the research work is on the technological re-
search for the mineral processing of Pb-Zn oxide ores, because there are large
amount of Pb-Zn oxide resources in China. For the recent tens of years. not only in
the research on the mineral processing technology. but on reagents for Pb-Zr. ox-
ides. significant progress has been made and progress has also bebn shown in the
production practice. {4.5]

The prospect of lead zine industry in China is encouraging. As China’s lead-zinc
resource ix abundant s production potential is enoumnous. Apart from meeting the
domestic need . ihe lead zine concentrate can be considerably exported if the price is
acceptable. Ax for the construction of lead-zine mines.not only the use of Pbh-Zn sul-
fide resources should be expanded out the resource of the giant lead oride mine-l.an-
ping Mine should also be put into use. China has got some achicevements and founda-

ton in respect of environmental protection in mines .study and development of non-
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toxic . economic and highly-efficient flotation resgents and the study and production
of large type flotation machines. Now we are unceasingly doing all the work which

can be rapidly strengthened with the market development.
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