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l\tlineral Processing Techniques Present Status &. Prospect 

of Lead-Zinc Sulfide Ore in China 

I. General situation of lead-zinc ores in China 

China's oreheds 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 tY11e 

only accounts for less than 10%. On the basis of oxidation degree. ores in China's 

lead-zinc oreheds 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 I : 2. 4 5. while tlae total ratio in the world is I: 1 [8, IO, 3]. 

Lead-zinc resources are very abundant in China. distributing in southwest, 

northwest and central south part of the country. As viewed from the production of 

lea<I and zinc. their ulilization <legree is not high. Since China's production of lead 

aml zinc only accounts for 3. 3 Yo and 3. 9 Yo. resJ>ectively, the potential of developing 

China's lead and zinc production is enormous. At present. there are nearly 100 lead

zinc mines in the country. Among them. 9 are key mines. Up till now, Guangdong 

Fankou Lead-Zinc Mine has still been the largest lead-zinc production mine in China. 

Uncleq:~roud mining is applied in nil 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 lea<l-zinc mines. 

Changba Lead-Zinc Mine Area and Xitieslwn Lead-Zinc Mine Area are the main 

le<td an cl zinc resources in the norl hwest area. The resource o( lead and zinc in 

Charl-!ha hdongs lo the large-sc:1le intermediare-low temperattire hydrothermal fill

ing-re,,la(·ement on·hed <tssoci<ttcd wi: h minor-dispersed metals and noble metals like 

Ag. Cc!. Tl. Ca. Ge. In. etc. The main valu<tble minerals in the sulfide ores are 

lead sulfide, zirw sulfide. pyrite. ere. , :inll the main valuable minerals in the oxide 

ores :ire srnithsonite. (•alamiru.·. l"erusite and so on. In Xitieshan Lead-Zinc Mine of 

Qinglrni Provinn·. acnJrdini: co tlw natural ort." type. rhere exist mainly sulfide and 

oxide· or.·s. while• mixt>d ores arl' nor dt•vdopcd. Most of the oxide ores Me of sulfate 

111irw1 :ils. :iss11111i11i: ''arlhy ;11111 powcl«'ry. tlw nxiclation rnlt• of which is rather high, 

Tlw :rnlfitl1· Ofl'S assunw n1111pat·t -111assivt•. iliss1·111i11ah·d aml 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. 

Lead and zinc resources in the southwest part are rather concentrated, especially 

m Yunnan and Siclrnan 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- l Yo) and Shalywen Lead-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 e!ements like Ag. Cd, S. In, 

Tl. Ba, Sr. etc. According to the preliminary estimation, on the basis of :he recov

ery value of every metal in the lead-zinc mine. the value per ton lead-zinc ore is e

'luivalent to 2 to 6 times that of the common copper ores. 

Huili Lead Mine Area in Sichuan Province contains 80% of sulfide ores. The up

per part of the orehody 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 

retl 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 5-25p:m are interlaid in sphalerite; most of an

timony-silver fohlore is interlaid in galena and sphalerite in the particle size of 2-

26p:m; chakopyrite is mostly disseminated in sphalerite in the particle size of 5-

IOµm. All this nmkes the floatahility of sulfides close to each other and causes diHi

culty in their separation. Fankou Mine is a typical lead-zinc resource in central south 

area. It is charncterized not only by its large reserve but by its high grade. the aver

age grnde of Ph+ Zn reaches 16% <Ph grade>S. 0%, Zn grade> IO. 0%). 

•. 

II. Mineral processing techniques for lead-zinc sulfide ores 

Lead-zinc ores mined in China arr mostly of carbonatite type. The main metal 

minerals ari> galenn, sphaleritl". pyrite anti chalcopyrite; the gangue minerals are cal

cite, quartz. muscovite. mica. chlorite. garnet, feldspar, etc. ; the associated ele

ments inrlucle /\g. Ccl. In, Tl. c;e. etc. Most of thf" carbonatite type lead-zinc ores 

occur in th~ intt-rnwdiate or intt>rnwdiat~-low tempernture hydrothermal crevasse fill

inJ? repl:.rf"ment ort>lwds. tht>ir st rn<·ture nrt• mostly in campact-masfivc, vein let and 
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disseminated forms followed l>y 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 disse111ination particle size occurs heterogeneous or extremely heterogeneous. 

The largest p:1rticle size of lea(l-z~nc minerals c<>n reach l -20mm and the small

est O. OOtt - -O. 0 I mm. 

Selection of mineral procssing flowsheets for Pb-Zn sulfide ores 

I. 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. Zn. S 

and hetween these valuable minerals an<l gangues. 

(I) One-stage grinding flowsheet 

Generally. one-stage grinding Howsheet will be applied when the intergrowth 

relationship between the metal minerals and {;angue minerals in Pb-Zn sulfide 

ore beds is not complicated; the disseminated particle size of the valuable minerals is 

comparntively homogeneous or these minerals assume heterop,eneous interlaying in 

Coarse particles. Take Huangshaping Lead-Zinc Mine as example, the ore structure 

is complicated with compact-massive. disseminated, hreccia, veinlet and banded 

forms. hut mostly in the compact form. Besides. the interlaid particle sizes of gale

na. pyrite and sphalerite are rather coarse, generally ranging from O. 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 rhe inkrgrowth relationship between valuable minerals and gangues in 

the Ph-Zn sulfidt• orehed is compliratt•d and valunble minerals assume heterogeneous 

interlaying anil clistrihution. the multi-stage grinding flowsheet is recommended. In 

this wa)'• not onlr the coarse interlayed and <listrihuted valuable minerals can be suf

faientlr lilierntecl into single constitut>nts but it will not he overground also. In addi

tion. multi-stag(· grinding c;1n make fine or superfine particle interlaid and distrilmt

ecl vnlualilt' mirwrals suHiciently liherated into single constituents. which is beneficial 

to rlw rtTovt>ry of val1wble minerals. Usm11ly the multi-stage grinding is applied in 

way of tnilings rt•grincling aml r1111J.!h concentrates regrinding. As for Ph-Zn sulfide 

ores. the micl1lli11gs regrinding flowsht>t•I is seldom nppliecl. So here we will only E{ive 
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some examples on tailings regrinding and rough concentrate regrinding. 

Example ) : Ores from Shuikom•han Lead-Zinc Mine belong to the intermediate 

temperature hydrothermal replacement orebed. Most of them are of compact-mas

sive form Lut a small part of them are of veinlet disseminated and breccia forms. The 

valuahle minerals are interlaid and distributed heterogeneously. The coarse particle 

size of ga!en:i renches 1. 3mm hut the fine one is only O. 007mm, usually O. 7 -

O. 0'.2mm. The finest particle size of sphalerite is O. 012-0. 004mm. usually O. 84-

0. 072mm aml for pyrite, the finest is O.OJ-0.0lmm. generally 1.4-1.0mm. In 

order to ~uarantee the valuable minerals to he sufficiently liberated and not over

ground. the run-of-mine is roughly ground to 50-60% of -200 mesh and then the 

tailings from sl·;wenging is reground to 85 % of ·- 200 mesh. 

Exam1>le 2: Ores from Fankou Lead-Zinc Mine belong to the intermediate-low 

temperatu!'e hydrothermal cravasse filling-replacement orebed. mainly containing 

pyrite and Ph-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 Yo 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, O. 5-1. Omm, most of them 

are in hoterogeneous fine partic.:le interlaying. The smallest particle size is O. 01 -

O. 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 ;uul part of the mim·rnls nrntaining Zn and Swill he combined with galena, 

entering Ph rouf.!h concentrate in the srnte of ar.gregate. The rough concentrate is 

tht'n rt>grourul to over !lOYo of --· -100 mesh, so ti.at galena, sphalerite and pyrite can 

"" he liheratecl into sinr.le rnnstituents. with this grinding flowsheet, satisfactory 

results have heen obtained in Fankou Mine. 

2. Srlec1io11 or the flot~tion flowsheet 
(;t'nnally. tlw contents of v;1luahlc minerals m Pb-Zn sulfide ores are rather 

low. Tht>se minerals are mostly in fine particle disscmina,ion and are often associated 

with various vahwhle ronstituents such as v<1luflble mine mis containing Pb, Zn, Cu 
• '1 • 



and S. The flot<abilities of them are obviously different. These conditions decide that 

flotation should he ~pplied for Pb-Zn s1_1lfide ores. There exist many factors affecting 

the choice of flotation flowsheets. The most essential factors a!"e: the dissemination 

characteristics of valuable minerals in the ore; different kinds of valuable con

stituents; values aml contents of these constituents and other physical and chemical 

properties of the ore. Generally. the minerals' interlaying features will decide the 

stages of the beneficiation flowsheet nml the structure of the flowsheet will be decid

ed hy the users' requirement for the concentrate quality. The conventional principle 

flowsheets for Ph-Zn sulfide ores are two-straight selective flotation and bulk flota

tion. from which nt her flowsheets with cliHerent n:tmes can be derived. 

(I ) flowsheet of straight selective flotation 

The flowsheet is as follows: A her the grinding of the massive ore• some de

pressors and ac1iv:1tnrs are added properly. Then according to the sequence of differ

ent flot<thilities of various vi'lu~ble minerals. flo!ation is taken place in these miner

als in succession. this flowsheet is advantageous to the separation between valuable 

minerals and to the separation bet•veen 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 cc,ntents 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) Hulk flot11tion flowsheet 

The hulk flotfltion flowsheet is suitable for the beneficiation of lean ores and 

ores in which the v11lu11hle minerals flre in the form of aggregate or"in compact inter

~rowth. The ores must first he ground to the degree that the mineral aggregates can 

he separated from g;mgues. then flot11tion st;1rts. The v;1luahle minerals ""ill come 

into the froth product c:illecl "hulk concentrnte" • which will be separated again to 

~et inclivi1h1:il conn·ntrates. 

The ndvantagt·~; of this flowslwet are: The run-of-mine can be roughly ground 

so tlrnt fl lot of wilings ('illl lit· discanlt·d ;is t•11rly as po::>sible; equipment and invest

mcnr for ~rinding and flotation l'llll Ill' rf'.<liwed; re11gent consumption Cfln Le saved in 

the ::>cparnting operntion. If the pn1d11ct is lead-zinc hulk concentrate, higher recov-
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ery can be obtaineJ by bulk flotation than by straight selective flotation. 

The disaclvant :ige of this flowsheet is: During bulk flotatio'!l, large amount of 

re;if!ent will rem;iin on the surface of minerals. which makes the separation between 

valuable minernls d~fficuh. so it is clifficu!! to get high-quality concentrates. 

(3) Other flot:ilion flowsheets 

With the devt>lopment of mineral processing techniques, since 1970's. new pro

cesses or flowshet•ts such as flotahility-ranking flotation, coarse-fine separating 

flot:ttion. hrnnchin~ in series flotation and stepwise flotation and repid flotation have 

l"llllll' !Ill I Olll' :t f lt·r ;111111 lwr • which Me t lw tlevelopment Of Conventional Straight 

flotation anti hulk flDtation. 

In flolahilil)·-r:rnking flotation. the v;iluable minerals are divided into twG 

parts. tlw t•as~· to float part and the difficult to float part. aC'<:ording to their flotable 

proprrti1·s. Tlw lwo parts will he 1m1 in hulk flotation. respectively. to get their 

0 ..... 11 hulk t·mwl'nir:ih·s. Both of the hulk cnnC'enlralcs will then be separated in order 

for oh1aining imli .. ·i1lual concentrates containing valuable minerals. This flotation 

process takes advantage of the natural flotability of m!nerals and eliminates the com

plicated physicochemical change C'aused by the addition or large amount of regula

tors. Therefore. it has the following advantages: Without overdose of depressors, 

valuable minerals c.,n float sufficiently. which is beneficial to increasing recovery; 

Without oveulo:-:e of C1ctivators. it is beneficial to increasing the concentrate quality 

and saving reaRent rnnsumption in separation. Especially when there exist in the ore 

Zn minerals both easy to flor.t and difficult to float. only by flotability-ranking flota

tion can good results be ohtained. All other flotation processes are not efficient as 

this one. Now let's take Huangshaping Mine as example. The ore in this Mine is 

mainlr composed of polymetallic sulfide mine mis like galena. marmatite, pyrite with 

quite a few of emulsified-interlaying marmatite and chalcopyrite. The ore contains 

Ph 2 - · J. 5 % • Zn ~. 5 - 6 % and S 2- 1 R % nncl the main gangues are quartz and cal

cite. There oftt>n t•xist some carhonaceou-; suhstances in the ore which is disadvan

t:1geuos to flot111ion. The interlaying and clist .. ilmtion of the valuable minerals are 

h.·tero~t·neuos. lnterlaid hy intermedi:ite-sized and fine-sized particles, these miner

<1ls art· mosth· in tlw form of rnmpnrt intergrowth. Since its putting into operation in 

I %7. tlw mill had :1pplied in ordt>r the l·omplete flotation of ground ores (bulk flota

tion) ;111d partial liulk flotation. However. results were unsatisfactory; the reagent 

co11s11111111io11 was 1·11or111011s 1 separntion of l'li f ro111 Zn was difficult; operation was 

1111t•:isy to nmtrol and tlw sulfur rt•cover}' Ii~· partial hulk flotation was very low . 
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Since the flotability-ranking flotation was applied in 1971. the results have been 

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

a. In the flotnhility-ranking flotntion zone mainlly for Pb separation, generally. 

the floating amount of Zn is 20-40% and thnt of Sis 50--60%. When this part of 

naturally flotahle Zn and Sare sepnrated from Pb, they are easier to be depressed. 

crenting a goo<l condition for ohtainiui; high-quality Ph concentrate. As a result. the 

Pb concentrate contains Pb 70. 7 4 % , Zn 2. 93 Yo and S 16. 23%, which is the best re

sult compared with those from other flotation fiowsheets. 

b. In the flotnhility-ranking Hot:ttion zone for Pb separation, generally the Pb

operation recovery is 93-95% and the sep:irn:ing operation recovery of Pb is 95-

97%. ln the Zn. S flo:ability-rnnking flotation zone. the operation recovery is 96.5 

- 97. 5% ancl the sep:nating operation recovt.-ry of Zn is 95-97%. So the total re

nwery of Ph mul Zn are stahilized at over 91.1% and 92%. respectively. 

c. In the flotaliility-rnnking flotation process. the reagent consumption is not 

high. Tlw reagent rnst in this process is only 60% and 40% that of partial bulk 

flotation :nul onc-stcige ~rindinJ.! complt•tc flotation. respectively . 
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Compnrison of reslllls rrom dirrerent technological 

rlnwsheds in lluangshaping Mine C,.n Table l [7] 

Grzd(' Rtt0~ry R~lative rea~t 
T «hnologi<-al Oow:<httt Product -~--

rh Zn s Pb Zn s cost.%<Yuan/t) 
--- --- ------- - --
P:oni:.I hulk flcmuion 2-96 6.06 ts. 65 100.0 100.0 100.0 100 

011('-:<l:lg(' grintli1111 and run-or-
2-68 6. 3-1 13. 45 100.0 100.0 100.0 158 

compl('tf' flotation mim-

Flotal1ili1y-rar.kin" notation 2-!IS S.58 13.60 100-0 100.0 100.0 58 

-
rani:ol built flntatinn 63- iO 6-i2 li.67 89.40 4. 61 .(. 48 

011('-,.t:igc grindin1':1nd com- rb 
61-H 6-6-1 18-10 88. 78 4.0i s.20 

pl('tf' flntalion ('Onccnlralc 

Flot:1!.ili1y-ranking flo1a1ion 70.74 2-93 16-23 90.52 J. 99 .(.SS 

-- -
l'ar1i:1I l.ulk Uo1atinn 0.62 .. 1. 16 30-95 2. 81 91- 57 27.80 

Or)('·,.l:ogt" grindini: Zn 
0. 52 u. 93 31.06 2.5.( 89.00 30.02 

a ml rornplrtt· Unt :11 inn conccntr:u.-

flo1:1!.ili1y-ranking rlo1ation 0.63 -t.(.50 31.53 2. 41 92. so 26. 9.( 

- ------------
l'arri:il l.ulk flnt:olinn o. !10 1. 22 31. 22 2. 13 I. 2i 19. 79 

01)('·,Cl:IJ!C" grincling ""'' s 
o ... 6 J.(J.I Ji. IS J . .(2 3.28 S.(. 81 

rm1111lc-tc- rlot:llinn cnncentr:ite 

Flmal.ility-ranking flotation 0.52 0.75 31- 62 3. 94 3.05 52. 75 

-------- ---->--· 

l'arti:1l hulk rlota1inn o. 22 0.20 9-93 5-66 2.55 .(7. 98 

One-:<1~11'" izrimli1111 :ind 
111ilingl' 0.22 0.37 2. 13 s.26 3.65 9.97 

compl<'IC- llnt:uion I\ 

fl,11:il1ili1 y-r ankini: f101a1ion o. 15 0.22 3 . .(5 3.0i 2 ... o 15.76 

J\notht'r succt·~sf ul ex:imple for the flornhility-rnnking flotation process is 70 # 

Mill in lluize Ph-Zn Mine. The technolottic:il flowsheet of flotability-ranking flota

tinn-hii:d1 alkality :.:1·lrctiv<.> flot;ition is shown in fig. ) , by which good results can be 

olitai1wd (st't' Tahle 2) 
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I Run of mine 

------ ·--- J .. ---
ability ranking flotatiOI~ 

nlc"linly for Pb _J 
----- 1------. 

-- . _______ !_ --- --

l lliRh- alk.,lit)' !oclectin·~ 
f101:11io11 for !'oellltrating Pb Zn flotation 

-i-- . ! 
Pl> conttiurate jzn cleaning 

I '~-"-!\__ 
~ 

Zn coi1cc,ntr:11e 

S C011tt11lra1e 

Fig. I Principl<' flov:~hc-ct of flot;hitity ranking flotatin- high 
alk;tlity ~lcctive llocation 

Results rrnm pilol tests by rlotahility ranking notation-high 

nlkality selective notation Table 2. [1] 

Gradf'.Y. Rn:ovf'ry. % 
Nafl\C' of produc1 Yidd.Y. 

l'b Zn ff' Ag.git Pb Zn ff' 

Pb conn•n1r111" lfl. 82 66. 16 5. 92 s. 63 S!lJ.8 91. 79 3-47 6.91 

Zn cm1<"rn1r:11" 32. 11 O.H 53. 80 .. , 17 S9. JI 3-08 93. 56 15. 18 

S C'OllCC'lllJ:lll" 27.H 1. 28 2. 13 30. S-1 21. 30 J. 59 2. 49 75.20 

T:1ilin11:< 3!i. 33 o. 34 o. 26 0.69 4.00 1. S-4 0-48 2. 71 

Run·of·minf' 100.00 7.80 111. -47 8-83 88- 38 100. 100. 100. 

'\ 

Ag 

79.69 

20 • .(6 

5.24 

1. 61 

100. 

In the hranchinJ! in series notation process, the raw pulp is first divided into 

two or more hrnnches and the froth from the rough flotation of the former branch 

will comhined with the l;itter Lrnnch for flot<ition together. After that, they will Le 

connected in i;eries properly and i;upplied with corre~ponding reagents. For instance, 

Slmikouslrnn Ph-Zn Mine has replaced the Zn-S Lulk flotation system by the Lranch

in~ in series flolntion process. th;1t is. the pulp to be floated is divided into two 

hrnnc·llt's <11HI then put into flotation in one re- /1 of flotation machines. In this cnse, 

tlw middlin~s n·~rimlin~ oper:ition ran lie eliminated. The advantages of this process 
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are [2]: 

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

t i Vt' I)'. 

b. Qu:tlities of Pb and Z:1 concentrates can be improved. 

c. The re:t~ent cnnsumpt ion is reduced. 

d. The flo"";shet.·t is simplified and operation stabilized. 

The stepwise flotation process 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 flnt:tbilitly ranking flotation for Pb. Pb will be completely floated 

up in on~ run while in the stepwise flot:ttion process. the part of Zn and S with iden

tical flotahility will float up simultaneously. The stepwise flotation process can cre

ate individual optimum !lotation ~onditions for galena and sphalerite in different op

er .. tions step by step. Whether at the first step or the second step. Pb and Zn will 

float up :ti 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 flotatinn is incomplete. allowing galena of poor flotability to be floated at the sec

ond step or float np together with sphal~rite that is activated by copper sulfate. This 

process is suitable for pdymetallic sulfide ores for increasing recoveries of associated 

nohle met:tls gold ;uul silver or for obtaining bulk concentrates. With this process. 

the intermixing loss rnn he red•.v:ed mul rerovery be increased. 

Exnmples of the flowsheet of stepwise flotation: 

a. Stepwise flot ;it ion for Ph 

This flowsheet is suited to the raw ore in which Pb is the main•constituent with 

less S contt•nt and f>f, is the mnin Ag-carrier mineral. At the first step. it is focused 

on fine le;HI flotation nrnl no i>lrong clt'prei>sors are :tpp!ied. resulting in the recovery 

of fine le:tcl :ind silver. At the second step. coarse lead and silver will be recoveried 

so thnt rntlwr high Ph-A,:! recovery rnn he gu;iranteed. (See Fig. 2) 

h. Pli-Zn slcpwist• hulk llolation 

In rhis flowshc>1•t. regulat<'fs will nor be applied at the first step and sphalerite 

and pyritt· should t·nt1·r the forth product as less ns poss!hle. High pH is applied and 
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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 ---r-
Grinding 2 

~~.-[~,. (;,;; ;;;.;.-7-J 
' Scp.,rn1io°1~~.r Pb from z:i ~~~--o-nd~~-te_p_fo_r_c--o;:t_r_sc_le_a_d_reco __ v_e_r_y~ 

-. \. ... -~ ~~: .. :::t . ._---_ 
Ph concenl rn le 

Zn concentrate or Zn flotation 

Fig. 2 Stcpwi:;e Pb f101ation flowshcet 

Run of mine 

Grinding 185% of -0. 074mm 
only wi1h coll«tOB bu1 no regulators 

----
Fir~I ~tep hulk 

~--~1d ~•cp bulk f101iition 

_ Gr!ncli1~~-2 ... ~.7~-Q--~~- -0. 0'13mm 

l_Fir~t ~1cp ~~~~l-~~1in~ Sciivenging 

r- ~:;=;;;;~ (i,,; ~k;~;~l T,;1;.,., --r -- --- --·· 1·:·~=-----------' 
f&;o~1d-·dr~nin~I 
-J-··-----, · 

.. . .... ' ll!r:itl<- 1 < l'h+ Znl =!ii. 5- 55. 5% · 1 
Pb- Zn hulk concf'nlrntr r«ovny•PI• 89. o1Y..Zn 94-97Y., 

Iv, 88. 19% 

fig. 3 Ph-· Zn !'l<-P"'i~ bulk f10111tion 
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Production practice of the stepwise flotation process: 

a. Production practice m 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. 75Yo to 67Yo. 

b. Since the application uf Pb-Zn stepwise bulk flotation in Fankou Pb-Zn 

Mine. the grmle of Pb-Zn bulk coneentrate produced has reached 54. 5-55. 5Yo. the 

Pb recovery 89. 4 % and Zn recovery 94 - 97 Yo. Moreover. the Ag recovery has 

:nnmmtt•cl to 88. 19Yn. nearly 88. 7~/o of the theoretical value of Ag being distributed 

in Ph-Zn miner:ils. The suHicient recovery of Ph. Zn and Ag has thus been realized 

;mcl tlw c·conomic lwndit is renmrk:ilile. 

3. Selt•ction of the reagent reJ!inw 
There are many mineral prcessing reagents in China provided for the flotation of 

Ph-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 lim•!. 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 proJuc•s to 

be produced. Naturally factors. like environment protection , economic cost and so 

on should also he taken into consideration. Finally. it should he determined by 

tests. 
In early 1970's. the P.R. C. paid attention to the influence of cyanides on hu-

nrnnbodies and environment protection and developed various methods to replace 

cy;mides in flotation. Especially after the "National Cy;mide-free Mineral Processing 

Conferenc~" held in 1976, mo:-t cmwentrators eliminated cyanides dichromates. 

which is a great advance in polymetallic mineral processing. At present, only few 

concentrators ;ire still using a small amount of cy;mides. 

Sep1m1tion of Ph from Zn: For the Ph-Zn ore which does not contain secono~ry 
copper liut only contain ~mall mnm1111 of pyrite in coarse particle interlaying, good 

sc•paration results can he got hy the applic11tio11 of sodium carbonate-zinc sulfate-sodi

um sulfide CPa11ji<1cho11g CorH"cntrntor). the :1pplic11tion of zinc sulfate-sodium sulfide 

(Siding Concentrator in Guangxi Province) ;ind hy the application of sodium hyposul-
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fite-smlium carbonate-zinc sulfate Cf:lolin Concentrator). When th,. ore containing 

some e:1sy-to-float pyrite is treated. the flotahility of pyrite is chlse to that of galena, 

which will critit·ally interfere the separation of Pb from Zn and S. If the traditional 

Ph-processing methotl is applied. pyrite will float up together with galena. When the 

pl I \":1lm· is incre:isell. not only pyrite hut galena is also depressed. Meantime. spha

lerite will float up too with the increast• of pll value. Therefore. in the processing of 

these ores. we han· to break fn•e from conventional n•agents. For example, in 

Fankon ~linl'. laq!t' ;•mount of limt' (pl I > 11- 5) is applietl to depress pyite; zinc 

sulfate is appilt·tl to tlepress sph<tlt·ri1t· and x:111thate with long hydrocarbon chains is 

appliell to collect gah•na. This reagent n.·gimt· has the drawhacks of high reagent con

sumption. lmt :it th:1t time F:mkou l\·tine tlitl f.!t't good 1esults and economic benefit. 

makinJ! 1111' J!r;ult· 11£ 1'11 com·t·nlratt· inneast· f rum 43. 23% to '.13. 12% aml the Ph re

cm:ery from 75. 13'.'ri to 78 .. ,9Y@ in till' sdt·ctive flotation flowsheet. [11.12] Since 

till' application of tt·chni<1ues like nnnhination of collectors. new type of depressors 

aml rnpicl flotation. lieneficiation results have got a new increase. 

St-paration of Zn from S: 
Gem•rally. in Zn-S separation. copper sulfate is usetl for activating sphalerite 

and lime for tlepressing pyrite. but some imlivic.lual concentrators are still using the 

method of heating the ore pulp (to 500 C) so as to increase the Zn-S separation effi-

ciency ;me.I redun• lime consumption. 

Separation of l'u from Pb: 
for Ph-Zn sulfi1le ores cont;iining Cu. usually the Cu-Pb hulk flotation is ap-

plied first. followed l1y separation techniques. The classical method for Cu-Ph sepa

ration is thi· cyani1le process. in which Cu is d<>pressec.l and Ph is floated or the 

dil'hromate process. in which Ph is tlt•presseJ and Cu is floateJ. Previously, nearly 

8S % of cyanides in the polynwtnllir ore dt•pressing plnnt was consumed for the Cu

J'li separating 01wratio11. 1 lowevcr. as both cy;mides aml diduomates are toxic. 

harmful to pc~ople 's he:1lth allll environment protection, now they are rarely applied 

in tlw rniner:il pron·ssinJ? plants in China. At present. the commonly used processes 

for 1kpn·ssi11J? Ph and floating Cu an· ;lS follows: 

a. I kating tht· pulp with rlw mldition of suHurcous acid: 

t l11cll'r 1lw co11d1tio11 of pl I - ti a111l clw pulp tempn;1t11n• ,1:1 - 50C, sul£11ro11s 

nri1l is :11ldrcl «l1·11si1y of SOJ o. :l~:. I into tlw pulp. The collector a<lsor1'cd 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. 

c. Process of ;idding sodium pyrophosphate and carboxyl methyl cellulose: 

This process can take the plttce of the dichromate process. Anyway. in the sepa

rntion met hod of depressing copper and floating lead. a small amount of cyanides are 

still used. (it cttn he in combination with zinc sulfate) 

-\. Com1>relwnsive recovery of other metals 
In terms of statistics. <15Yo of silver 1>roduction an the world come from the 

products of Pb-Zn mineral processing. One third silver produced in CHna are from 

Ph-Zn ores. Therefore. it is an important approach to increase the comprehensive re

covery o( noble mctttls for rising up mineral precessing economic benefits of poly

metallic sulfide on·s. 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 develo1m1ent 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 Bnjiazhi Pb-Zn Concentrator contains 1S0-200g/t of Ag. Aft~r they 

npplied the cyanitle-£ree flotntion process and took other measures. Ag recovery has 

attttinecl to 69. 26 Yo from 30 Yo. Ag recovery in Hyangshaping Mine has increased 

from 52.75% to 1;1Yo and that in Fankou Mine has reached 88.J9Yo. close to the 

theoreticttl recowry of Ag distrhutecl in the Pb-Zn ore. 88. 7%. ~old has a rather 

close reltttionship with copper. so there is not so much gold recovered from Pb-Zn 

ores. As for the minorly-dispen•ed metals like Ge.Ga.In.Cd.Tl.etc .• they are also 

importttnt ohjel·ts for romprehensive recovery. but their recoveries are directly relat-

e<I to the reco\·ery of Ph-Zn. 

111. ){esearch work and prospects 

Tlworetin1l rt'sc>:irch work on minernl processing of Pb-Zn sulfide ores has been 
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carried out long in China. Professor Wang Dianzuo. a committee menber of tht: Aca

tlemic l'kpilrtment of the Chirwse J\c:ulemy of Sciences and a foreign academician of 

Americiln Academy of Engineerin~ &·ience. has made a new approach to ~he flotation 

mt>chanism of sulfi<le ores Ly means nf the foundation and methods in modern electr

chemistry. qmmtum chemistry arul semiconductor theory. lie has explained three 

long-:ngut•<I theoretical prol>lems. the roles that oxygen plays in flotation. the 

collectors' mechanism iln<l the natural flotahilities of minerals. On the basis of a 

IMge amount of testing data aml tht·or...•tirnl derivations. he and his collaborators 

have developed the theory aml teduwlof!y on collector-free flotation. which is an im

port;mt direction for the mineral processing of fine refractory ores. In the treatment 

of complicated. lean :111d fow-sizeu ores. as the mineral particles are extremely fine, 

thf'ir specific surface is enlar~e<l :uul the reagent consumption is increased, which af

fects the flot:ttion course anti environment protection; while for collector-free flota

tion. separation is nm1lm·1t-tl hr controlling rhe electric IK>tential of the pulp. By tak

ing adlmnt;ige of mint"rals' own hytlrophohit·i1y. collectors can be eliminated or used 

in snmll amount. so 1he pollution to rhe environment can lie reduced. Ar.cording to 

Professor \Vang's collenor· free rlworr. wlu:I her collectors exist or not, the 1>urpose 

of st>parating sulfidl's hr flolatinn can he reached by properly controlling the pulp 

electric potential (the oxitfation-retluction atmposphere) and pH value so as to con

trol the comlition of forming S el<'nwnt or other hy<lrophohic substances on the sur

fon· of snlfi<le ores. This tht-ory is hi~hiy valued l1y many colleagues in the mineral 

processin~ circle. B\·sitft·s. lw has also created the ,. Molecule design of mineral pro

cessin1t rea~f'nts'" t lwory. [ 13 J 
Another important direction of the research work is on the technological re

st>arch for t ht> mi11t-rnl prcx:essinJ: of Pb-Zn oxide ores, because there are large 

amount of Ph-Zn oxicle rt'sources in China. For the recent tens of years. not only in 

the resean·h on t lw mineral proce:.sing technology. but on reagents for Pb-Zr. ox

i<lt·s. signific;int pro~rt·s;-; has hcen m:11le mul progress has also he~n shown in the 

product ion prm·1 icl'. ['I • :i l 
The prospt>ct of lt•acl zinc ind11s1 ry in China is cncournJ!inl!· As China's lead-zinc 

rl'source is :1li11ml:1111 .i1s pr0<lurtio11 po11·ntial is enmmmus. Apart from meeting the 

clonH·slic net>cl .:lw l1·acl zinr nH1et'11lrn1t· c;in hl' con:-iclt>rnl1ly exported if the price is 

arl'rpt:ilill'. f\s for th~· 1·1111slrnl'tio11 of lracl-1.i1w rnirn·s .not only rlw use of Ph-Zn sul

ficl" n·snurn·:- sho11lcl 111· t·xp:1111h·d 1111t 1he rt•source of th!' gi;rnt lc;1cl oride mine-Lan

pin~ Mi1w slio11ld :11..;o lw put inlo 11:;1., China li:1s ~ol s111111· ad1ievcments ancl founcla

lion in rt-sp1•l'I nf 1·11vir11111111·11t:1l p101t•dion in 111i1ws .strnly anti development of non-
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toxic. ecouomic and highly-efficient Hot at ion resgents and the study and production 

of larf?e type flotation machines. Now we are unceasingly doing all the work which 

c:m he rapidly strt>nS!thenetl with the market tlevelopment. 
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