G @ | TOGETHER

!{’\N i D/? L&y

=S~ vears | for a sustainable future
OCCASION

This publication has been made available to the public on the occasion of the 50" anniversary of the
United Nations Industrial Development Organisation.

’-.
Sy
B QNIDQI
s 77

vears | for a sustainable future

DISCLAIMER

This document has been produced without formal United Nations editing. The designations
employed and the presentation of the material in this document do not imply the expression of any
opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development
Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or
degree of development. Designations such as “developed”, “industrialized” and “developing” are
intended for statistical convenience and do not necessarily express a judgment about the stage
reached by a particular country or area in the development process. Mention of firm names or
commercial products does not constitute an endorsement by UNIDO.

FAIR USE POLICY
Any part of this publication may be quoted and referenced for educational and research purposes
without additional permission from UNIDO. However, those who make use of quoting and
referencing this publication are requested to follow the Fair Use Policy of giving due credit to
UNIDO.
CONTACT

Please contact publications@unido.org for further information concerning UNIDO publications.

For more information about UNIDO, please visit us at www.unido.org

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria

Tel: (+43-1) 26026-0 * www.unido.org * unido@unido.org


mailto:publications@unido.org
http://www.unido.org/

20U15

Horkshop on Mineral Processing
of Lead and Zinc Sulphide Ores
for Selected Countries

THE WIRERAL “RUCESSING ASD ENVIRCNMENTAL PRUTECTION
EF

AN RC5 LEAD-ZINC MISE

IN E':E

(LRATT;

LUO LIANG SHi

FAN KO% LEAD-ZINC MINE

August 19G3

1F
-"_ll.




THE MINERAL PROCESSING AND ENVIRONMENTAL
PROTECTION IN THE FAX KOU LEAD-ZINC MINE

Luo Liang Ski ezd Luo Kai Xien
(Fen Kou Leed-Zinc Mine, 5!'2325 Guangdong, Chins)

() GENERAL DESCRIPTION

The Fan Koo lead-zinc Mine where ic loceted 48 km North area from Shao
Guen City, Guang Dong province, is oze of the lergest leed-zine mining
snd dressing enterprises tnder ez:hority of tke China Nationel Nonfer-
rous Metals Industry Corporetion. This mine wes completed and put into
production in 1968, its originel designed scele were 3000 tonnes ore
perdey. And its capecity has beer enierged to £100 tonnes perdsy efter
technical innovation in 1989.

The Fan Kou Mine is en undergroued cetellic mine, it is developed by
using & shaft mine, There are a —ein skaft and two auxiliary shaft mine,
and now the underground developing kes been separated nine gallery to
extract. Also a slope tunnel he: been opened to fit active requirement

of large treckless equipments wkich were tsed in underground stope. Now
deep part prospecting has been researched and developed for the future.
The filled mining is a maiely mettod in mining. The run-of -mine ore were
Loisted by through the main skeft, then their would be trensported to
ore dregging plant by overbead ceblewey. Three kind of products of the

lead concentrate, zine concentreie end sulphate concentrate have been

produced in ore dressing plent. “ie arpuel lead-zinc metalluge output

have 120,000 toanes and the sulptete concentrete Esve 400,000 tonnes.

These concentretes are mainly stpplied to the netionel metsllurgy and
smelting plent, and & few of tkez ere exported to abroad.

A serigl diffcult technicel problezs such es geobydrology, mining and
minerel processing were alweys =e: whkile the mine wes developing. Is
order to meke full vse the uncderzrorzc rich deposit source, the Fan Kou
Mine beve elweys persisted in re:zeercied end developed the science-
technology, and every year severel =illion yusn bLave been put into
vsed as technicel and reseerch furds. Depend on mineself engineer and
techoican and combined with other reseerched or designed institute's
and high college’'s, lots of tectricel diffecult problems bhave been
overcome. An advance technical erd flowsheet which able to fit the mine




heve been successfully developed. At the same time, the Fen Kou Mine
have introduced end used ebroad advenced technology &nd equipments
which were worth over several million US dolleis from more then ten
countries and arees.

After the edvenced technicals end newly equipmerts kave beer put into
gpplication, the level of mining and mineral processing tecknology, the
econozmic technicel indices are up to the advenced level of developed
countries. The mine' s economic becefit have obviousily beer incressed.
Since 1989, averege increese rete of the science- techknology progress
hes up to 6% it occupied 62.8% in totel econoxzics increesed, every
year the totel profits and texes cen be achieved PMB100, 000, 000. 00.

(© THE ORE PROPETY

The Fen Kou ore deposit is mainly dispersed and existed over two lerge
rmescsive ore body of the JinXin Ridges end the Sti Ridges ir the mine.
The valuable metallic minerals have high conterts due to the minerels
ere concentrated to eggregete body. The grade of ore for leed is in tke
renge 3.5%--5% (Pb), for zine is 9%--12%(Zn), end for silve is eround
100g/t (Ag). The ores can be scaled three types of massive leed--zinc--
pyrite ore, fine le&d-zinc-pyrite ore and massive pyrite ore, the ras-
sive pyrite ores belong to the sulphide oree end their cortents
occupied 95.5% in the totel deposit, end the sulptide ores keve been
opened es meinly zining ores in the Fan Kou Mire, The oxide rete of
the lead is up to 5% (Pb0) end the zinc is less ttes 1%(Zr0).

The meinly metellic minerels of ore bave pyrite, sphelerite end gelere,
next metellic minerals heve englesite, cerussite, ersenopyrite, provstite,
ergentitle, bournnite, copper end other.The metellic minerels heve 60%
in the totel minerals. Also the ores have accozperied with the rere
metels of the silve(Ag), cedziue(Cd), germenivz( Ge) , gelliuv=( Ge) ,
mercury (Hg) end ete.. The gengue minerels have queriz, celcite, dolozite
end so on.

The metellic minerels hes e very complicated diccezination cherecter-
istics. The corrodent replecerent of minerels ir eeck other existed very
common enc serious beceuse of ke ores were forzed in different period,

The pyrite minerels most present end exist as in idiomorphic shepe and
belf-idiomorphic shepe, their partical size are coersest, most of them
gre up to 0.'mm About 15% fine pyrite minerals which their pertical
cize are in the range of 0.1--0.018mm 8end their present 2s ster points
disseminetion between the gelene and sphalerite —inerels. The structure




of corrosion and relict of the pyriie minerals have been forred since
the pyrite minerals had formed in earily period, their were corrodent
replaced end interlocked by hydrothermal alternation of the sphalerite
end gelens rinerels

The ephalerite mirerels present a coarse perticel size eggregete, their
reainly dissexinetion size are in the renge of (.10--1.00zm. The sphal-
erite minerels were filled or repleced in the geps of the pyrite or
tke sphalerite =sggregate minerais. And winding contact boundary
between the pvrite and sphalerite minerals were filled &nd replaced
with the gelena minerale.

In opposite cese with the pyrite minerels, the gelenz minerels keve the
smellest dissexingtion size, most of them gre in the renge of 0.018 to
0. 5==. And disceminetioen size of the galene which have ebout 20% &re
less then 0.018mm. The anglesite end cerussite zinerels were formed
in gep or wirding edge of the galena. As tte gelene formed in later
period, the pvrite end the sphelerite minerels which formed in eerily
priod were corrodent replaced end interfocked by the gelena, Tierefore
the reletion of the gelens, pyrite and spkelerite cinerals were made
in & very fine end close aggregetion. So it is very diffcult to separ-
ete the gelene, sphalerite and pyrite minerels.

(3  THE MINERAL PRGCESS TECHNOLOGY

Three steges and one closed-circult process flowsheet of the crushing

end screerning keve been used in the Fen Kot minerel processing plent.

The coarse crusher is inctelled in underground, cecondery and tertiary

curshers ere instelled in the plent. The crushing product particel size

is less then 15=m. Tie run-of-mine ore content lots of slimes due to

the mine use the cemented filling mining method, first & westing and
desliming stege need to be used in the plent.

There ere two perellel system in the grinding esd flotation section,
the throughput of eech perelle] system heve 2050 tonnes per dey. there
it @ single system to treet the slime whick output heve 300 tonpes per
dey. The totel througkput heve 4400 tonnes percey. the selective flot-
etion flowcheet hes been used to seperete ell leed end zine, tfem it
cen be produced lesd concentrate ard zinc concertrete, All teilings of
leed end zinc efter their were dewstered by tkrough their passed izto
tbkickener, ere concentrated to flotete the sulpbide end then the sulp-
bide concentrate can be obtained. All concentretes pulp were dewatered
end filtered by usirng the thickener and the disc vacume filter, the
concentrete moisture can be got in the renge of 12-14% st least.




Each system has two parallel sets and each set is consisted of 2 ball
mill ©2700x3600m= and a &2000mm dio-sprial classifier in grinding
circuit operation. The overflow fineness of classifier is 65%-0. 074mm.
The overflow of classifier are combined with the produet of a ball
mill ©2700x3600zn whkichk is e secondary grisding, their products
fineress can be controled over 85% -0. 074z by a set of O 350=x
hydrocvclone at lesst. An I/A autozatical control system has been used
to control the grinding end classifying in plent, and the partical size
are zeasured and checked by the PSM-400 partical size analysis.

The flotation machine of JJF-8M3, JUF-4M3 and XJK-2. 843 have been used
in thke flotation section. To floate lead has used a stage of rougher
gnd one stege of seavenger flowsheet, the leed coarse concentrate are
sect to regrinding which used 2 ®2100x3000 bell mill, its regrinding
fineness is 85% -0.036~x, then the lead concen:irate can be obtazined by
through five satges of cleening. In order to reduce the galena minerals
reground or overground, and to increase the "cosrse effect®, ome stage
of speed reougher and speed cleaner flotation have been added before
the lead rougher flotation. I[ts froth concentrates are directly entered
to the fourth lead cleaners stage, its tailings are combined with the
leed coarse conceatrate and sent to regrinding. The tailings of lead
flotetion are sent to seperate zine flotation, which have one stage of
rougher, three stages of scavener and three stages cleaner, the zinc
conceatrete can be obtained at least.

Courier 30 on stream X-ray fluorescence analysis have been installed
and used in the flotation section.

To fioate leed flotation use & kind of cozbined collector and mixed
depreszant, to floate zinc flotation use the butyl xanthate and copper
sulfate (CuSO4), the frother is & kind of pine ce=phor oil. The sulfuric
acid and ethy! xanthate were used to floete sulphide flotation, (ke
grade of sulphide concentrate cen be obtained 43.5% and its recovery
is 56%.

The principle flowsheet of lead end zinc selective separate flotation
cen be shown in Figure 1, end the metellurgical pertormence ere shown
in following table.

The sepereted technology of the Fan Kou ore wes elways & diffcult
problen because of the ores were charactered by fine and close between
the fead-zinc and the pyrite minerals, and pyrite minerel cen easily
floated, so that it was very diffecult to separact galens, sphterite and
pyrite. In order to slove the problem of treatzent of refractory ore,
depand on the engineer and technican of mineself and learn from abroad




The Fan Kou Lead Zinc Separaction Flotation Flowsheet
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Table The metallergical pertormance of FKM

PRODUCTION RATE GRADE (%) RECOVERY (%)
NAME (%) Pb in Pb ’n
Pb Concentrate 5.736 58.40 4.25 82. 70 2.38
IZn Coucentrete 16. 364 1. 35 54.10 4. 97 93. 41
Zn Taillings 77. 900 0.64 0. 55 12. 33 4.21
Feed Ore 100. 00 4.05 10. 26 100. 00 100. 00

s+ Note: FRM meens Fan Kou Mine

edvence end treetzent technology, the flowskeet of mimeral process bad
been modified over tenm times, till they bave found the flowsheet of
cinerel process tachrology whick eble to fit the characters of the Fanm
Kou ores in prectice, and the metelluricel pertormance can be breeked
through progress. Compere with iritial peroid, now the grade of conce-
ntrete heve incressed 22.3% for leed concentrete end 10. 3% for zine
concentrete, end the recovery kes increased 10% for lead and 6.3% for
zinc concentrate, These progre:zs heve achieved to the =advance level
which have the seme type of ores end their separeted processing.

The meinly cheracters of the Fenm Kou mineral processing technology cen
be summaried &s following:

(1). In order to reduce the lozses of matellic =ineral in tailings, the
ren-of-cine ore must be fine ground end their cleer particles of the
cinerels cen be es possible e libereted. And it ceas be enlarged the
floeteblities difference betweer tke galens &nc pyrite minerels by
through tke leed rougher concestretes were regrozcd.

(2). By using the bigh elkelire mediux, the pyrite minerel cen be inte-
nsively supprezsed. And combired with & newly tvpe of DS depressent
which ha: selective edsorped :te hermf{ul zeteriele & ions in the pulp,
8 speciel depressed functionel to the pyrite zicerels can be produced.
And the separated effection of the lead ernd pyriie can be increesed.

(3). The dossges of reegent beve obviousily been reduced by using
combined two kinds of collectors which bes en ‘essociation effect”’.




(4). By through the characters of selectively floatabilities of part
galena minerals, a newly process which was celled ‘speed flotation®
has been used, and overgrinding of the galena mineral can be provented.
This also has lead a "coarse effect” in lead cleaning operation stage,
and has improved the lead recovery.

(5). The influence of separate irdex by the slime hace beer reduced by
through slime and sand minerals were ceparated into two treatxent
system in practice

@9 THE ENVIRCNMEXNTAL PROTECTION

The Fan Kot Mine has pay much attention to the environment and its
protection, the polluted problezs which hed beex met can be always
solved depend on scieace-technology progress during developing produc-
tion. In eccordance with the mine pollute source which coze from the
tailings and waste water of mineral processing, & lot of pollution
gbatement methods have been used end the environmental pollution from
the mineral processing have as possible as been reduced.

(1). The flowsheet and resgent regulation of the mineral processing
bave always been modified till their have obtained satisfactory result
snd & good environment. The initiate process of concentrate plant was
designed to use the process of Pb-Zn bulk flotation-separation, and to
depress the sphlerite and pyrite by using the cyanide and combine with
sulphide zinc, the cyenide comsumption is 300-500g/t. The content of
eyanide ion in discharge tailings was up to 50zmg/l. In order to solve
the cyanide pollution, meny steps of the cozprehensive treatment and
technology bave been used. The Mine have successfully developed that
bulk flotation was replaced by selective flotation, the cysnide was
replaced by sodium carbonate (NagC04) and zine sulfate (ZnS04), it bhas

successfully obtained the flotation with cysnide-free reagent.In later

time, it was found some discharge materials come from collector were

not as the National discharge standard, such as phenol in phosocresel,

sulpbide in PN-4. And these bave been solved and replaced step by step

through doing the research work and experiment. In recent time, 8 newly
tesgent DS which is neither smell por texicity and bas special function
to depress pyrite, has been successfully developed and used. It not only

hes increased the separated effect of lead and pyrite(Fe), but aleo

has improved the environment,

A few of beavy metal ions from discharge weste water of the mine were
treated and achieved their discharge standsrd by the comprehensive
treatmeat method, such as the chemicel neutralization method or plant




some plants which able to adsorbed some speciel ions. The waste water
from underground which has high solid content heve been settled by the
thickener, tken it can be discharged to irrigate fermland. Also it bhas
been extended to reused in mining end minerel processing plant, &0
tket the weste weter discharge can be reduced.

(2). The teilings source has been made full used. The underground mice

 need grest amount of filled materials to use as cezented filling in the
tnderground. The Fan Kou Mine heve persisted in developed and unlitited
tailings and have as possible as exchanged the weste into valusble. In
the early time, the tailings Lkave been researched to sinter es cement,

but it can not be used in prectice beczuse of thet cement hes & little

bigh content of sulphide. Now mainly application of the teilings ere

vsed es fiiled meteriels in underground end perceste dosege meteriel

in cement plent,

When the tailings were used es the filled meteriels, it omly cen be
used coerse fractions sand wkich has been clessified from the tailings
in initiete time.The unitlized rete of totel teilings wes only 30-40%
end rest of teilings which content lots of fine frections send heve to
be put into teilings pond. Sirce 1985, the full teilings whkich did not
clessified have been researcted end tested by the Fen Kou Mine end
combine with other research uvnits. At leest, e seriel of technology end
equipments of the recovery, preperation, trensport of totel teilings
bave been successfully developed and used after zeny test heve been
done in several yeers. A newly process of the cezented filling witk
bigh density and full teilings sand have been cozpleted test and first
successfully put into applicetion in prectice, end the wunlitite rete
of tailings sarnd were increesed to 90% The {lowskeet of the cemented
filling with high density end full teilings sexd cen be shown eas
Figure 2. Now the Fan Kou Mine still make hard work to developed end
enlarged the unlitited rate and st leest to epproech the eim of rot
teilings mine.

(August 20, !993)
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