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Part One
Experience in Designing China Lead-zinc Concentrators

Introduction
China is rich in lead-zinc resources vith its researves accounting for

about 24 % of the vorld total. The lead metal reserve ranks the second in the world
( just after U.S ), accounting for 15 X of the world total, while the zinc metal the
first and 30 X7of the world total. Lead-zinc resources™in China are distribufed main-— "~
ly in the south-vest, the central-south and the north-west areas. Two thirds of the
reserves are concentrated in such provinces as Yuennan, Neimeng, Guangdorg, Hunan,
Guangxi and Sichuang. At the present sore than 100 mine properties have been dovelo-
ped, vith the nation, the collective and individuals as their investors. The produc—
tion capacity is 4500 t/d max.. The ores treated include easy - to - separate lead-
zinc sulfides, somewhat difficult-to-separate mixed ores andrather difficult-to-sepa-
rate oxide ores. The separation processes are generally preferential flcatation, bulk
{loatation, partial bulk floatation, isofloatability floatation and reaified floata-
tion. Flash floatation technology is also adopted. The optimum separation data are:
Lead grade 72 X, recovery 90 % and zinc gradc 55 X, recovery 92 X. All the lead-zinc
concentrators are designed by Chinese design organizations which also provide techni-
cal services for concentrator construction, start-up and commissioning. Over the past
- years, we have gained much experience in this fieid, vhich will be presented in the
' folloving paragraphs.

1. Design Practice in China Lead-zinc Concentrators




1.1 Types of Deposits

The ores treated in more than 100 lead-zinc concentrators in China are

cainly lead-zinc sulfides. Lead-zinc oxides are only processed at the lead-zinc mines
of Chaihe, Siding and Kanping. The ores occur mainly in five types of cosmercial lead-
zinc deposits.

1.1.1 Mogmatic Hydrothersmal Lead-zinc Deposit

This deposit is devided into skarns, vein and replacesent types. The former,

like the Henren Lead-zinc Mine, features a woderate lean ore vith skall to redius
size, vhile the latter, iike the Huang Sha Ping Lead-zinc Mine and the Shui Kou Shan
Lead-zinc Hine, features a moderate high ore quality vith medium to larze size.

1.1.2 Volcanic Hycrothermal and Volcano Sedimentary Lead-zirc Deposit

This deposit is devided into four types : continental hydrotherzal vein,

hycrothermal replac;eaent.. rorphyry, and marine sedizent. Tne former three are laan
ores and the latter is woderate rich vith medius to large size.

11.3 Sedimentary transforsed Lead-zinc Deposit

This deposit is devided into three types : sand stone, |ine stone, 2nd do-
ioite. The forser two, like the Fankou Lead-zinc Mine, are moderate rich with medius
to large size. The latter is lean vith mediun size.

1.1.4 Metamorphic Lead-zinc Deposit. Moderate iean ore vith smll size

1.1.5 Veathered Lead-zinc Deposit

Mnderate rich vith mediur size, the Jiangshui Lead-zinc Mine and Hezhang
Lead-zinc Mine are such deposits.

1.2 Studies on Ore Properties

The design organizations are responsibie for ore property studies from the
viev point of design work. They include the folioving aspects.

1.2.1 Participate in the examination of geologic reports, get to knov the
material composition, structure, texture, natural type, size, commsercial grade and spa-
tial distribution of ores. And additionally to know the content of valuable, harsful

and associate elesents in ores together vith their variations.




1.2.2. Participate in the preparation of saspling desien and selection
of sampling method. Get to know ore occurences and mining conditions.

1.2.3 Participate in evaluating test programecs or in testing if nece-
ssary. Corsider how to optimize the commercial isplezentation of the test results.
Follov market situation to establish the product schemes.

1.3 Selection of Technical Process

1.3.1 Crushing and Screening Process ( including ore wvashing )

“hen determining the process the foliowing must be taken into considera-
tion: the max. run - of - mine ore lusp size, the required final product particle size,
size distribution of rav ores and crushed products from various stages, phrsical pro-
perties of rav ores, mud and vater contents. These considerations vill help detersine
the stzzes of crushing and scresaing as well as the necessity of ore vashirg.

It is easy for oxide cres or other ores with much mud and sater conient
to block up crushing and screening equippents, ore bins, chutes and heppers. This
would reduce their capacities greatly and even interrupt the production process if
serious. Rav ores should be washed if water conlent is greater than S5 % 2nd mmd
( -0.074 == ) content greater than 7-8 X. In this case open—circuit crushing should
be ~ompared with the autoeerous grirding both technically and economically.

is we all know, crushing features higner efficiency and lower power ron-
susption than grinding. The design principles should be to use crushing in replace of
grinding and more crushing, less grinding. This aims at lowering the crushed final pro-
duct particie size 2s mch as possible. Closed—circuit crushing with screening exaaina-
tion is characterized with the ability to control the crush product particle size and
fully utilize the crusher capacity. It is widely 2dopted in the design. Three—stage
closed-circuit crushing is generaliy adopted in the medium to larre sized lead-zinc
concentrators in China.

The typical crushing process is showa in Fig. |.
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1.3.2 Grinding and Classifying Process

The selection of a grinding process minly depends on the physical proper—
ties of ores, particle~size of feeds and the required separation fineness.

The tyrical grinding process of lead-zinc concentrators in China is shown

in Fig. 2.
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Fig. 2

T T T 4 .|
| Process | Hine | Grinding fineness | Remarks |
| i | ( 200 mesh ) X | |
= . } + —]
| 1-stage closed | uang Sha Ping Lead- | 60 - 65 | |
| circuit grinding | zinc Hine ] I |
| before separation | Xizo Tie Shan Lead- | 70 | |
| | zinc Mine | | |
| | Yin Shan Lead-zinc | 60 - 65 | |
| | Mine | | |
| I Si Ding lead-zinc Mine | 65 - 70 I |
H + } — —
| 2-stage closed- | Fankou Lead-zinc Mine | 82 i |
| circuit grinding | Ba Zi Zhi Lead-zinc | 78 i |
| before separation | Mine | | |
| | Tian Bao Shan Lead-zinc | -7 | |
| | Hine | | I
i + } —+ —
| Coarse Concentrate | Fankou Lead-zinc Mine | 85-90 X -325 mesh | Coarse con- |
| regrinding | | | centrate |
| | I |regrinding |
| ! Qing Chen Zhi lead-zinc | a0 | Pb-Zn-S mixed |
| i Mine | | concentrates |
i | | | regrinding |
| 1 Xi Ling Lead-zinc Mine | a3 |Coarse Zine |
| | i | concentrate |
| | i |regrinding |
| {Ba Jia Zhi Lead-zinc ] % | Cu-pb cvarse |
| i Hine | | concentate |
I | | | regrinding |
| i | 90 | Z6-S mixed |
| | | | concentrate |
! |L ! ) ! regrinding !
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Closed-circuit grinding is mainly adopted in lead-zire concentrators. The

fineness of 1-stage grinding is 50-60 X -0.074 em. Multi-stage closed circuit grinding
is adopted vhen fine grinding is necessary. At the Fankou lead-zinc Mine, 2-stage grin-
ding and coarse lead concentrate regrinding are adopted before scparation. At the Ba Jia
7ni Led-zinc Hine, 2-stage grinding, pb-Cu crarse concentrates and 7n-S mixed concentra-
tes regrinding are adopted before separation.

The dgrading mineral resources and rising separation costs have become
a troublsome probles to the mining people novadays. A heavy-sedium preconcentration has
arouse ever grealer interest. Many new types of such equipments have come into being.

1.3.3 Separalion Process

Floatation is minly adopted in Pb-7n ore processing nowadnays. This paper
only presents the typical f[loatation of Pb-Zn ores. They are elaborated accor
ding Lo ore types, dissimination characteristics, intergrown relations and ore floatabi-
lities.

1.3.3.1 Preferential Floatation

Preferential fioatation is senerally wsed for easy - to - saparate lead-zine
ores featuring simple intergrovth among valuables and coarse dissimination. This process
is characterized vith ciple process operation. It is used at the Tao Ling Lead-zinc Kine.

1.3.3.2  HKulk Floatation

Bulk floatation is used for lead-zinc ores featuring intimate intergrowth
among valuahles and relatively simple relation between valuables and gangues. This poc-
cess is characterized with coarse grinding for tailings rejection, less equipment inves-
toent and prodic:tion cost. At the Qing Chene Zhi lead-zine Mine, the bulk floatation in
case of 50 X -1.074 om grinding fineness is used fur Fb-7n-$ ore Lo reject. 80 % of the
final tailings.

1.3.3.3 Part.ial-bulk Floatat.ion

Partial bulk floatation is comonly usad for Pb-Znu ores featuring intim-

te intergrowth and fine dissiminations. Chalopyrit has its floatation close to that of
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galena. Bulk floatation is often used for Cu and P!: as vell as for Zn separatio;i from
the tailings. The process is used at the Tian BaoShan and the Tin Shan Lead-zinc Mines.

1.3.3.4  Iso-floatability Process

The process as vsed at the Shui Kou Shan Lead-zinc Mine is a typical example.
fs part of sphalerite has its floatation close to that of galena and another part of di-
flicult-to-float sphalerite has its floatability close to pyrite. 2 " pb-Zn iso-float "
and © Zn-5 iso-float " process is adopted. This process is characterized with enrichment
of sphalerite vith different floatabilities under suitable conditions. Its separation data
are better than those of the single preferential floatation or bulk flcatation.

1.3.3.5 Raaified Floatation

This process is used for separation of single or multi-metal ores vith low
grade -and poor floatability. The typ.ical process is shown ir Fig. 3. It is characterized

vith the ramification of the pulp feeds into two or mre than two hranches.

_Pulp
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Fi9 3 Typica| precess of romified floatation

The {irst branch of froth product. from rouzhir;g Joins the second branch [ or
rouching. As Lhis heles imrove the grade of the sccond pulp branch and the ore floatabi-
lity, separation duta will be better. Additionally the reagent. from the first branch can
be fully ultilized, thus reducing the reagent consumption and saving  its cost. At the

Yinshan Lead-zinc Mine up-rrading prosramme. Lhe orizinal preferential floatation fros one
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circuit vas sodified vith the rasified floatation. The grade of lead concentrate is thus
increased by 0.7-2.8 X and recovery by 0.5-1.0 %. Recovery of zinc concentrate is increa-
sed by 1-i.5 X. The cost of the reagen?s is reduced.

1.3.3.6 Flash Floatation

Single-cell is provided in the grindin:—classifying circuit for flash floata-
tion of coarse particles froa the uncvenly~dissininated ores. In doing so high specific-
gravity target minerals are preferentially ﬂoated;fro- the cyclone underflows. The flash
floatation has the following characteristics. :

a). Less overgrinding of the target minerals and more stable feeds.

b). Fine selectivity in coarse particle floatation. Direct production of
part of specified coarse rarticle concentrates.

c). Coarser particle size concentrate. thus reducing moisture of concentrate
filter cukes.

d). Less fluctuation of pulp circulation in floatation circuit, less space
requiresents for installation of floatation tanks.

1.3.4 Conrentrate Devalering Process

An optinux d:ba'_erine,; process depends on the material properties, the User
requiresents for concentrate moisture contents and the conditions of packing and trans-
portation. Fine particle concentrates are mostly dowvalered by a 2-slage process of thi-
ckening and vaceum filtering ( or press filtration ). k drying operation is added in the

cold areas if necessary.

-0 -~




1.4 Equipment Selection

Equipment performance and its applications vill be presented in Part 2 * Con-

centrating Equipsents in China ~ and only some principles of equipment salection is out-

lined here. They are as follows :

1.4.1 Requirexents for advanced equipzent, vhich must be reliable,acdaptable,

easy operation and maintenance as well as lov energy consusption.

1.4.2  Attehtion to Lhe development tendency for large-sized equipment, vhich
has the advanlag:s of less quantity, seailer investmont, and lower production cost. In

addition, sich equipesnt is convenient for mnaxesont and automation.

1.4.3  Pequireme~ts for uniforz loads of the upstreas and downstream process
equipsents. ind the capacily of the auxilliary equipoent mest be matched with that of the

s in.

1.4.4 The equiprent specifications of the same operation mst be jdertical

as much as possible. This will facilitate operalion, management and process automation.

1.4.5 HNecessity for techno-economic comparisons in case of mny options.
Such comparisons include capital investment and production cost. The advantages and dis-

advantages of operalion maragenent must b analyzed accordingly.




1.5 Concentrator Site Selection ard Fquipment 'ayout

1.5.1 Site Selection

For site selcction, the relative positions and interrelations among various

process sectioes. 2uxilliary sections, auxilliary installations. routes for cosmunications
and transportation and pipe-line works must be de?mined. Transportation, water supply,
pover supply, tailings dump, engineering geologywth and stone work amount and construc-
tion conditions, etz. must all be taken into consideration. Principles for site selection

is as follows.

1.5.1.1 The principle of centralizeil or decentralized concentrator construc-
tion according to resource distribution, topography, mining, transportation, etc.

1.5.1.2  The principle of awniding to huild the concentator on the deposit.
The caving are2 or the blast-endangered arca is mt the desirable site.

1.5.1.3  The principle of miking fully use of topography. The concentrators
in China arc oestiy built on slopes. This option is characterized with compact building
layout, smller space occupation and less capital construction investment. It also fea-
tures pulp transoiriation by gravily and lower costs.

1.5.1.4  The princivle cf paying great attention to the influence of haref)
gases, vaste water and waste residues from the concentrator upon the environment.

1.5.1.3  The site must be good in terms of engineering geology. It must be
situated above the Tiood level.

1.5.1.8  Space should be reserved for future developmeni and extention pro-

1.5.2 TCauiezent Layout
1.5.2.0  tayeut of Crushing Equipment
Reording to equipment granlity, process and topograchy. the equipment. in the

crushing section c2a be arranged in mmy wavs. Their selections will necessitate techno-




econoaic comparisons, vhich include the capital construction investment of concentrator
buildings, once for all investsent of maintenance cranes, and management fees. The aspects
of production management, industrial hygiene, and others must also be considered.

Two—stage open-circuit crushing features less equipment required and easy lay-
oul. The integral building or separate ones can be arranged on the slopes.

The integral building is characterized vith the equipments sharing the same
hoisting facilities. Process operation and access are quite convenient. This option is sui-
table for use on the gentle slope.

The separate buildings are characterised vith the el imination of long belt-
conveyors in the buildings.

ree~stage open-circuit crushing has a sirilar layout to that of two-stage.
The straight layout of three-slage open-circuit integral building parallel to the contour
and its ladder-type layout following the slope are separately shown in the slides. The
former has the advantage of convenient operation management and sharing hoisting facili-
ties, vhile the latter features a compoct equipment layout. less ground occupation and
reasonable ultilization of the hwilding space.

The layout of closed-circuit crushing is somewhat a little more complex. For
the two-stage closed-circuit crushing, the screening operation can either be incorperated
into the crusher section, or arranged separately.

[ts characteristics are similar to th«;se of open-circuit cr@im.

Three-stage closed-circuit crushing is characterized with the separate arrange-
wents of sereening sections. Me of the typical layouts of crushing facilities is the use
of integral building with the characteristics of the same nverha_ul equipment shared by
three crushers. It is suitable for layouls at the flat ground o on the gentle slope. fno-
ther typical layout is the ladder-type. with the characteristics of compactness, smaller
ground ares, and shorter distance from primary crushing to secondary crushing. It is sui-

lable for the mediun~sized crushing . ciion Lo be built on the steep slope,
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1.5.2.2 Layout of Grincing Eauipsent

Layout of grinding section is mich simpler than crushing section. Two basic
layouts are as follows - |

a). longitudinal Layout Do

The central line of the grinding mills and classifiers are perpendicular to
that of the long-lined fine ore bins. This is a wost coemon layout of grinding mills, that
suits large-sized concentrators or concentrators vith more grinding mills. It has the ad-
vantages of neat layout and easy operation.

b). Transverse Layout

The central line of the grinding eills and the classifiers runs paralie! to
that of- the long-lined fine ore bins. It is suitable for the small-sized concentrators
or the concentrators vith less grinding mills. It has the advantagzes of shorter building
spans. Transverse layout has been applied to two-stare grinding.

1.5.2.3 Layout of Floatation Equipment

The layout of floatation equipacnt should be basnd on the overall considera-
tions of the layuui.s of grinding, classification and concentrate dewatering. ind topogra-
phy should also be considered. according to the performances of the floatation machines,
the banks can be arranged horizontally or Iad_de.'wise. Convenient rea.. nt dosing, sampling,
vperaling and miintenance should be taken int. 7ull account.

1.5.2.4  Layout of Ci: «ntrate Dewatering Equipmont

Two coze . iayouts are as follows :

. Thickeners and filters are arranged 2t the same building and linked with
the grinding and floatation building for convenient operation. This layout suits the smsli-
sizedd concentrators with less concentrate outout. [t can prevenl. frostbite in hish-cold
arens.

b}  Thickeners are arranged in the open air and filters in a separate building
ncar the thickeners. This layout is suitable for the medium to large~sized concentrators

vith large diam:ter thickeners.

- '3 -




The underflow of the thickeners can flow by gravity into the filters or be
pusped into them according to topograghy.
1.6 Process Instrumentation and Control

Althoush China is abundant in labour forces with low labour price. the process

f

automtation in the concentrators has been developing rapidly in recent years. The following

is the main reasons.

1.6.1 An optimizied stable control of the process can isprove the enterprise
managesent and economic efficiency. For example, increasing production capacity. improving
separation data, reducing energy and ulLilitios consusptions, and lover labour force re-
quireeents are all possible by this weans.

1.6.2 Ever increasingly cosplex process at the large-sized mines.

1.6.3 China has mode ever larger and beL.Ler equipments.

1.6.4 Checking instruments and control cosponents with high precision and
quality all made in China, computers videly aéplied.

1.6.5 Technical people have more knovledre of the process. Labour force have
been futher qualified.

The process automation in China today consists of two types. One is automatic
testing and measuring, but vith mamml control. The other is single-lcop computerized con-
trol of some key prucesses or automatic contro) of multi-variables. They are as follows.

1.6.5.1 PC-controlled interiorking of complex processes.

1.6.5.2 On-stream analyzers for metal grade measuresents.

1.6.5.3 Particle-sized sonitors ( including densimeter and flowmeter ) for
automatic control of the grinding and classifying circuits. The aim is to obtain max. ca-
pacity or opticus particle-size. Control mthod is determined according to ore proper-

ties, technical parameters of flootation process, separation data and product schemes.

- 1 --




1.6.5.4 Proportional cascade, DIC ijuol systes for controlling feed rate,

floatation tank level, aeration, level of sand pusp susp, puse rotation, PH value of floa-
tation. reagent dosing, special instruments, etc. The aim is for a balanced stable control
of material flovs in the concen-trators.

The concentratars at the Fankou Lead-zinc Hine and the Fan Huang Shan Copper
Hine are among those with the above automation in China today.
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1.7 . Design Requirements of Main Auxillary Specialities

1.7.1 Civil Engireering
The main building materials are cement, sani. stone and reinforcing steel. They

should be available as locally as possible. The concentrator buildines are mostly of brick

and concrete structure. large-sized equippents shouid be provided with reinforced concrete
foundations. The investoent of the building construction for medium to large concentrators
usually accounts for 15-30 £ of the overall investaent. It is characterized vith sxall ca-
pital investaent, conventional requirements for construction technolozy and equipsent.

1.7.2  Power Suply

Ettention to the adoption of encrgy-saving  technology and equipmont. Consi-
deration of the reactive pover compensation. Medius to laze concentrators are suppl ied
throwgh the local pover network. The first-class powr lead is supplicd through couble-
loop or self supply power planAt. Distribution voltaze is 280 v. Voltage of large motors
for crushing and grinding operations is 30 v or 6003 v. Based on concentrator sizes and
processes, the installed capacity is about 50-30 kw/ 13 Uy.

1.7.3  Vater Supply

Attention lo wvater saving, use of the recirculated vater and waste vater trea-
teent. Hedium to large conrentrators usually have a vater consumption of 4-5 m/t. The re-

circulated water is required Lo account for 70 % of the overal] water consumption.




1.8 Technical Eccnozics and Engincering Econosics

1.8.1 Technical Economics

The evaluation of technical econogics deals with the analysis of investment
results vhich is the most ieportant for investors.

The eval luation Covers the folloving : overall analysis of techno-economic
targets, cosparison of main design proposal, survey and analysis of menning and production
efficiency, capital investzent, working capital, production cost. product price, investment
pay-back ability. concentrator construction results, market situation, etc. Among thes,
comparison of sain design propesals takes the most irportant place. The main design pro-
posals are classified into two 2spects @ gencral rproposal and specialized proposal. The
general proposal covers the foiloving : technica! level. structure and production layout
of the concentrator, layout of uitilities and auxi!liaries, princival design proposals,
( such as proposal for concentrator size, concentrator site, process flowsheet, product
range, etc. ) All these corstitute the technical framework for concentrator construction
and play a key role in its future eccnomy. £ specialized proposal is highy specialized.
The precise and reliable corparison of the two proposals is a2 decisive factor in the whole
techno-econozic evaluation sumlity.

A techno-econoaic evaluation is carried out based on the current price and fi-
nancial systep #nd in viev of irput and output. T.vc mothords are adupted. For the statie
sethod, tive faclor is aef regerdad. ¥hile for the dynamic method, the influence of the
construction project in the econozical life time has to be regarded. The two methods are
generally cosbined in the design to ensure the relizbility and risk-resistance of an econ-
nomic evaluation.

1.8.2 [Fngineering Tronomics

Engincering ecomeics covers tucsa! preparztion so as to control capital inves-
teent and evaluate the investeent results. The budvet cost serves as a main basis for the
construction organization to mke a tender. It consists of three forms : totalbudget, com-
bined budget and budget for individual project. The first two are prepared by engincering

economics professionals and the last one by designors of individual proiects.
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1.9 Environsent Protection

In the design of lead-zinc mines in Ch%na. mch attention has been paid to en~
vironsent protection. hccording to relavant stipulitions in China, pollution control at
the nev or modified eine enterprises must be carried out at the same time as their
design and construction. And they must be put into operation at the same time too. Environ-
mental protection covers the protection of environnent from the harsful waste _gas, waste
vater, vaste residue. Vaste gas refers to the dust-Jaden air from the ore crushing, screening
and transport. Vaste water refers to the mtreato;d I’lushirg water from the process, the
overflov and tail vater [ros the thickening pond, accident pond in the sand puse station,
etc. aste residug tefr~s to the tailings fros the concentrator. In the selection of the me-
thods of controling the above ™ Three Vastes ~ priority should be given to those with relia-
ble technology and lov investsent. The foiloving outlines the environment protection situa-
tion in China‘s lead-zine concentrators.

1.9.1  Dust Control

The dust laden air fros crushing and screcning sections is purified by dust-
removal exhauster and spraying systea.

1.8.2  ‘aste Yater Control

The vaste vater from the concentrator way be recycled for reuse to reduce
fresh water consumption. sevage treatsent and produclion cost. Generally, the concentrate
overflov and supernatant fros tailings pond minly contain reagent remains, so they can be
recycled. According to the requlations by environsent authorities, the recycled water fros
the nev [lotation plant should be up to 70 % of the total water consumption.

The treatsent eethod for dischark:d waste waler is dependant on the types and
content of haraful constitueuts.

Natural pre-ipitation and precipitation with reagents are often used for suspen-
sion-bearing vaste water, vhile natural purification, adsorption and purification with lime,
bleaching powder and chesical reagents are used for reagent-bearing waste water. Alkali-

chlorination, FeSls-lime purification, adsorption and natural purification. are used for
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cyanide-bearing vaste water. Matural purification for cyanide-bearing waste vater.

Alkali-chlorination, FeSO.-lime purification, adsorption and natural purifica-
tion etc. are used for cyanide-bearing waste vater. héunl purification of cyanide-bearing
vaste vater in the tailings pond is often carried out bemuse of lov- cyanide consumption
from the process and small (N content in the tail vaterl According Lo the industrial moni-
toring results made at liengrong Lead-zinc Mine and Shulkousl'an Lead-zinc Hine, the cyanide
discharged to the tailings pond is disolved at a rate ef 15 X per day, the cyanide-bearing
vaste water is wp to discharge standard after stagnation in the tailings pond for some tise.

1.9.3 Treatsent of Tailings '

Besides traditional stock piling in the tailing pond. nev ways have been found
out for general utilization of tailings according to tbe construction conditions of soee
aine and the inherent nature of the tailings.

1.9.3.1 Tailings Used as Underground Fillings

The Fankou Lead-zinc Hine has successed in using full grain-size tailings as
filling materials vith annual reduction of management cost at RMB 260000 ( 1988 price ).The
managesent cost and capital investment for tailings pond is reduced by over RMB 7000000 vith
resarkable econosic efficiency.

1.9.3.2 Tailings Used as Building Materials

The tailings in 2 sine are used to make bricks., resulting in zr.0 discharge of
the tailings. A saving of capital investaent for tailings pond and tailings transport system
is thus realized, and the brick as ' y-product. The income from brick-miking is quite remarkable.

1.9.3.3  Cycloned Coarse Tailings lised as Dam-building Materials. This method

can lover L First=stage dam beight with a saving of capital investoent.
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2. Design Procedures and Hothods for Lead-zine Concentrators

2.1 Design Procedures

The basic procedures for the design of concentrators in China covers several
stages, such as plant-construction survey, feasibility study. preliminary design concep-

tual or basic design ) and working dravings design ( final design or detail design).

To the prajects outside China, the design organizations in China vill offer
good services according to the design procedures and requiresents at the international market.

2.2 Design Hethods

¥ith the developaent of computer software and hardvare, the design level has in-
proved. Cogputer-aided designs are carried out in mny ways vith an imoroved design quality
and design soeed as vell as reduced labor intensity of the designers.

2.2.1 Optimized design computer progras

For example, computer programs may be‘ used for automatic calculations, proposal
selections and automatic drawing for such speciafl ities as geology, mining, general layout,
heating and civil engineering. :

2.2.2 Co?ut.a-ized calculations and: statistics featuring fast speed and high
acuracy, geologic reserve calculations, civil engincering structure calculations, material
blance sheet calculations for srinding-ﬂoatationg circuit, intallation project and working
dravings budget are some oxamples,

2.2.3  Ieproved draving quality and speed by means of CAD microcomputer systes.




Pa~t Two

Concentrating Equipment in China
The mineral concentration equipment manufacturey in China today are capable to
provide to the market various kinds of equipsent needed by mine. They are also capable to
provid: the cquipsent intallation and commissioning services, as vell as consumsbles supply
on a long-ters basis. -

I.  Crushing and Screening Machines

The comonly-used crushing machines include jav crusher, gyratory crusher, roller
crusher and cone crusher. Conventional jav crusher and jav type fine crusher ( developed in
China and has been put into production in the late years ) are used in two-stage crushing
circuit for smll to sediur-sized nines. Jav crusher, standard and short-head cone crushers,
are often used in three-stage crushing circuit vhile the gyratory crusher is generally used
as coarse grinding equipment for medium to large open-pit mines.

The largest size of the jaw crusher in use is 1500 x 2100 mm, and the largest
gyratory crusher 1600/230 m. Cone crusher is of three types : the standard, the short-head
and the sediua-sized, all vith hydrauiic / spring | sottings. The largest size in use w to
@ is 2200 = in diasoter. .

Recently, the following new crushers h:ave been developed and put into commercial
operation in China.

1.1 lydraulic Gyrtory Crusher

This crusher is provided with hydraulic over-load protector which works under
non-stop operating conditions, offering hisher equipment efficiency. The largest size is
500 < 900 s,

1.2 Doudble~swing Jaw Crusher

The crusher consists of Lwo swinging jows and deep crushing chamber, with the
odvantages of large capacity, lower specific encrgy consumplion, longer liner life and higher
crushing ratio. In addition, such a crusher simplifies process by substituting secondary cru-

shing Lo primory crushing. The largest size sinufactured is 400 x 210 ma.
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1.3 Gyradic Crusher

The crusher is used for producing fine particle-size and good-shaped materials
resulting in lover energy consusption for mzshm; and grinding section. The largest size
manufactured at present is 2100 m in diaseter.

The screens commonly used in China are of several types such as vibrating screen,
stationary screen, revolving screen, sieve bends, :t.romel fine screen and probability screen.
Only vibrating screens are used in the lead-zinc concent.rat.or They have the followiag fea-
tures : .

a 1.3.1 Inertia Vibrating Screen

The screen consists of the single-deck, the double-deck, the seat and the suspen-
ded. It is only suited for handling fine to medium-sized materials. Uniforn feed is rewired,
othervise screening efficiency may be affected negatively. Generally, the maximm grain size

of the feed is 100 mm, the screen apertures ranging from 6 to 40 mm,
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1.3.2 Self-Centering Vibrating Screen

The screen has the advantages of simple construction, easy adjustment and opera-
tion, heavily-vibrated screen surface, little material clog-ups and high screening efficiency.
Yet it is has the disadvantage of unsteady screcning efficiency due to considerable influence
of the ore feed [luctuations on the scroen acplitude. At present, this screen is mostly used
in the mediua to large-sized concentrator in China for screening fine to vedium materials,
Screen aperture ranges froa 6 to 50 ea.

1.3.3  Heavy-duty VibraLing Screen

The screen is robustly constructed and cen withstand heavy igpact load. It is
used in the large concentrator for prescreening prior to sacondary crushing. Generally the
saximm feed size is 400 m, Screen apertures range from 10 to 100 .

1.3.4  Single-spindle Vibrating Screen

The screen runs along a round orbit, with tie advantages of simple construction,
easy mintanance and high screening efficiency. It is suited for the screening of fine to
medius-sized materials. The largest feed size is 100 me and the screen aperture 6-50 ma.

1.3.5 Double-spindle Vibrating Screen

The screen operates on the principle of isopachous screening. It is suited for
the dry/wet screening of fine fractions ( <25mm ). It is characterized with less aperture

clog-ups high throughput, easy layout and small floor space.
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2. (Grinding Machines

Various rod wills, ball aills and autogeneous mills are being used in the lead-
zinc mines in China. A rod mill features a linear contact of grinding medium vith the ore,
providing selective cominution vith relatively unifors product size and less overground
particles.

It has larger throughput than ball mill of the same size vhen used in coarse grin-
ding ( product size 1-3 mm ). However it is less efficient than the ball mill of the same size
vhen used in fine grinding ( product size <0.5 s ).

Up to now, the largest size of the rod mill available from China is ® 36005400 ma,
the effective capacity 50 »”® and the throughput over 200 t/h per machine.

Bal] mills way be divided into grate-discharge and overflow. A erate-discharge
sill is fitted vith grates at the discharge head. Its pulp level is lower and helps reducing
overgrinding of ore particles, thus discharging specified products. The grinding efficiency
is about 15 X higher than the overflov mill of the same size. The upper limit of the product
size is generally 0.2-0.3 m. It is normlly used for primary grmdms

The overflov ball mill is dw-acterlzed by higher overflov level, longer dwell
time of the pulp in the mill, finer product size (igenerally <0.2 m ) and small throughput
per unit voluse. It is generally used for the segor:chry grinding and regrinding of the mi-
ddlings in the two-stage arinding circuit. At present, the manufacturers in China can supply
various sizes of ball mills up to ® 3600 x 6000, including grate-discharge and overflov.
The available volume per machine is up to 55 > and the throughput over 100 t/h.

The autoeeneous mill is characterized by small drum, short dwell time of the par-
ticles in the will and large throughput. It may operate wet or dry. The wet autopeneous mill
has the advant;;gcs of lower energy consumption, less dust pollution and auxillary equipment
than the dry one. IL is suited for handling coarse ores with high content of mud and moisture,
and the crushing siage may be eliminated. Vertical mill is a newly-developed fine grinding ma-
chine in the late years. [t has the advantages of large capacity, high efficiency, simple con-
struction, small lloor spare and less capital investment. Its power consumption is over 50 %

lower than the conventional horizontal ball mill.
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3. Seearators

The rapid developsent of new separators in the late years in China has set the
requiregents for design and equipeent selection for diffirent ores. At present, the following
floatation sachine serieses are available.

3.1 Self-sucking Hechnically fgitated Flotation Machine

3.1.1  X-flotation Hachine ( or A-flotation Machine )

This is a self-sucking sechanically agitated flotation machine vwith radiant im-
pellers. It is for roughing, scavenging and cleaning in the small to mediumsized flotation
plant, as vell as for cleaning in the large piant when less aeration is needed. The largest
size available fros the manufacturer is 5-8 &> in effective cell voluse.

3.1.2  JJF & XJO-flotation Vachines

These sachines have similar constructions. JJF, a self-sucking mechanically agita-
ted machine, consists of two serieses : the deep cell and shallow cell. Skimming is carried out
at one side or two sides.

These sachines feature lower power consusption, smller wear between the impeller
and stator, stronger agitation, larger air suction, .lore freedon from precipitation, stea-
dier pulp level and easier autowmation than X!-mch?m. They are fit for roughing and scavenging
in the medium to large—sized flotation plant as a iypiml large flo.t.at.ion machine developed in
the late years. : .

Now, JJF & XJO-Tlotation machines have been videly used for the separation of
Fe, Cu. Pb, Zn, S sinerals vith good results. The iargest effective cell voiumes are 16.20 »°
and 38 'l:"respeCtively.'

3.1.3  SF-flotation Machine

The machine preserves the advantages of self-air-sucking and self-pulp-sucking
of A-flotation machine, but vith the tendoncy towards larger size. It has been seriated and
videly used in the mines in China.

3.1.4 )YJB- Rod-shaped Flotation Machine

The machine is self-sucking and mechanicaly-agitated, with shallov cell, capable
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to suck the pulp. It has the advantages of large aeration, strong agitation, good dispersion
of air bubbles, fast flotation rate, and low pover consuaption. It -is suited for handling
coarse, free-silling ores in sl to medium—sized concentrators. The largest size available
from the mnufacturer is 4 ».

3.2 Perating Machanically-agitated Flotation Machine

3.2.1 QIFSL XIC-flotation Machines

These machines are characterized by cone-shaped circulating drum systes, vhere
pulp circulates upvards in vertical direction, so as to fully suspend the particles in the
cell botton. They are fit for roughing and scavenging of coarse and heavy refractory complex
ores. Aeration can be zdjusted.

CHF-X and XIC-Tlotation Machines have been seriated and used in tens of mines with
good results. The largest sizes available froa the enufacturer are respectively 14.4 »® and
8 »? in effective cell volupe.

3.2.2  BSK type and KYF-type Flotation Machines

The machines share the advantages of aerating mechanically-agitated types, and
have been videly used in industry as large deep-cell flotation machines. They are suited for
the roughing and scavenging of the low-grada saterial vith smll specific zravity. They allow
for possible aeration adjusteent, good air dispersion a:nd easy automation. The largest sizes
avaible are 16 ® and 39 »? respentively.

3.2.3 Flash Flotation Machine :

It is 2 single cell mchine specially designed for * flash flotation . The g
chine is fit; for handling unevenly-disseminated ores. Coarse grinding produces part of libera-
ted coarse final concentrates or coarse concentrates. Two types are available from China @ SK-

0.7 type and SK-2.1 type.
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4. Dewatering Machines

Traditional thickeners and vacuum filters are generally used a5 devatering ma-
chines. Up to nov, perpheral traction thickeners and center—driving thickeners are still
videly used. Their sizes available from the Eanufacturer are ® 1.8-20 m and 15-53 » respec-
tively.

Recently there has been a rapid advance in high-efficiency thickeners. Various
types have been developed in the world. China has without exception witnessed great strides
in this field. The throughtput of this machine may be increased several times or even over
ten times larger than traditional thickeners. This is due to their unique feeding aided by
flocculants.

Several types of high-efficiency thickeners have been mass-produced. They are the
3.6a-diapeter, 5.%a-diameter, %a—diameter, 12m-diameter machines. Among them, the 9m-diameter
machine designed by Changsha Design & Research Institute of Non-ferrous Metallurgy has incor—
peraled the advantages of other types. Its many years of operation at the Fankou Lead-zinc
Hine has proved its excellent thickening performance. It has passed national evaluation and
won first-rate national prize in China.

Vacuum filters are mostly used as filtering machines. The following established
vacuum {ilters are available from the manufacturer.

4.1 Internal Drue Vacuum Fiiter

This filter is wostly used for handling the coarse materiais with great density
and fast set.t.l_ing rate. Five sizes are available, with their filtering areas ranging from 8
to 40 #%. B

4.2 External Drum Vacuum Filter

The filter is suited for filtering fine materials requiring low-water content of
the filter cake. Ten sizes are available, with their filtering areas ranging from 2 to 40 »*.

4.3 Folded-belt Filter

The filter is best suited for fine and difficult-to-filter materials because pre-
ssure and scraper are eliminated in the discharge. Disciharging is carried out without blover




and scraper, eliminating the probles of moisture increase in the filter cake by the returned
water from the blover. Three sizes are avajlable, vith their filtering areas ranging from 1.7
to 40 o>,

4.4 Horizontal Vacuum Belt Filter »

The filter has vide application with flexiblée operation and control. ¥ashing,
drying and discharging as vell as the filter cloth develo;ment and correction can all be auto-
mtically controlled. Operation is precise and reliable. flt present, four sizes zre available.
vith their filtering areas ranging frow 2.5 to 23 w2, |

4.5 Disc Vacwum Filter

The filter. features larger filtering area ( largest 120 n2 ), smailer floor
space and stronger adsorpLion than drua filter. It is suited for handing fine concentrates.
Various Sizes are avaible from the mnufacturer. with their filtering areas ranging from 9
to 120w7.

hutomatic filter press may be divided into belt, plate and frame, chomber and
continuous. The nev automatic plate and frame filter press developed by China has been wide-
ly used vith the advantages of high filtering efficiency and easy réplace-ent of fiiter clo-
th. Beijing Research Institute of Mining & Metallurgy has develored seven sizes of ZYL-Ai-
tomatic Filter Press, vith their filtering areas ranging from 5 to 25 8. Shuikoushan Hine
Bureau has developed three sizes of SZY-automtic filter press, vith their filtering areas
ranging from 8 to 20 m2. Wuxi General Machinery Yorks produces three sizes of BAJZ-Auto-

mtic Plate & Frame Filter Press, with their filtering areas ranging from 15 to 30 nZ.
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Note: Pb, Zn, Cu, Sp. G refers to lead sulfide, zinc sulfide. copper sulfide, iron
sulfide and gangue respectively. "/” left top corner and right bottom corner
refers to floatable mincrals and unflootable minerals respectively. Ih/7n/G

refers to Pb. In preferentizl flctation flowsheet.




