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ABSTRACT

The most valuable elements in a flotation tailings in Inner Mongolia were lead, zinc and silver, and the main lead
and zinc minerals were oxide minerals such as cerussite, sardinianite, smithsonite and hemimorphite, and so on and
the content of lead and zinc sulfide minerals such as galena, sphalerite were small. The flotation tailings was used
as the research object and the indexes of the lead grade of lead concentrate for 48.30%,the recovery for 65.41%,and
the zinc grade of Zinc concentrate for 42.24%,the recovery for 84.69%,. total recovery of silver in lead and zinc
concentrate for 55.53% were obtained on the condition of mesh of grind for -0.074 mm95.3% and at suitable
conditions by flotation flowsheet of the step-by-step flotation, that was floating sulfide minerals of zinc, oxide
minerals of lead and oxide minerals of zinc one by one. Lead, zinc, and silver in the tailings were recovered
effectively, from which excellent economic benefits can be obtained.
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INTRODUCTION

The distribution of lead and zinc resources wayg wade, and there were many different kinds of exa lead zinc.
The main oxide Mineral of lead which has industadgplication value were cerussite(PbfL@nd sardinianite
(PbSQ),and the main oxide mineral of zinc which has stdal application value were smithsonite (Zngg@nd
hemimorphite (Zn4$D; (OH) ,- H,O).The oxide mineral of Lead and zinc in China wasy rich and was a kind of
very potential metal resources. It was very impurt rational utilization of the lead zinc resoesfl-3]. With the
development of the industry, the mining of ore dgr®@f ore declining , a lot of tailings and the Igrade oxidized
ore were stockpiling, and failing to be used to fililé Although a great deal of flotation studiessvdone on the
oxide ore of lead-zinc, The flotation recoveringoafde minerals of lead-zinc especially oxide matgmf zinc can
not obtain satisfactory results because of the eoxices of lead and zinc containing many mineradsnpiex
structure of mineral, nostable associated compsnemtd containing a lot of clay and limonite, higluble salt
content[4-6].

The main usful elements in a flotation tailingsimmer Mongolia were lead, zinc and silver, and rten lead and
zinc minerals were oxide minerals. The contentufide minerals of lead and zinc especially sulfideneral of
lead were small,so It was difficult to get concaterof sulfide mineral of lead.The flotation taggwas used as the
research objectthe flotation tailings was named run-of-mined orecduse it was processing object in this
experiment) to recover resource of lead-zinc.Tbhevsheet of the step-by-step flotation ,that wastfieg sulfide
minerals of zinc, oxide minerals of lead and oxidimerals of zinc one by one was used and the coraterof
sulfide minerals of zinc, concentrate of oxide maie of lead and concentrate of oxide minerals in€ avere
obtained,and concentrate of sulfide minerals of zind concentrate oxide minerals of zinc can bebaoed into a
concentrate of zinc.The indexes of the lead grddeanl concentrate for 48.30%,the recovery for §%4nd the
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zinc grade of Zinc concentrate for 42.24%,the recp\vfor 84.69%,. total recovery of silver in leaddazinc

concentrate for 55.53% were obtained on the camditf mesh of grind being -0.074 mm 95.3% and bleta
conditions. Results show that using flotation mdtho recover the lead, zinc, silver was feasibld aan obtain
certain economic benefits. It has reference siggifte for the development and utilization of oxidieeral lead and
zinc.

PROPERTIES OF RUN-OF-MINED ORE
MULTI-ELEMENT CHEMICAL ANALYSIS OF RUN-OF-MINED ORE
The multielement chemical analysis results of résmmed ore were shown in Table 1.

Table 1 The multielement chemical analysis results of run-of-mined ore

elements Pb Zn  TFe S SiIO Al,LO; CaO MgO  Ag*
content (%) 058 259 121 4.04 422 266 2790 17.94 23.82
* unit: g/t

The results of table 1 show that the most valuabenents in the run-of-mined ore were lead, zind also
associated with the valuable elements of silver.

PHASE ANALYSIS OF RUN-OF-MINED ORE
Phase analysis of run-of-mined ore were shown liiera.

Table 2. Phase analysis of run-of-mined ore (%)

Mineral of lead Mineral of zinc
sulfide oxide Total Pb sulfide oxide Total Zn
grade 0.05 0.53 0.58 grade 0.40 2.19 2.59
distribution 8.62 91.38 100.00 distribution  15.4484.56  100.00

From the table 2,we can see that the valuable coems of the material of lead and zinc mainly existoxide,
proportion of lead in oxide minerals of lead was38% and proportion of zinc in oxide minerals ofiziwas
84.56%, so the test was given priority to recyclixgde minerals of lead and zinc.

COMPOSITION AND ITS CHARACTERISTICS OF RUN-OF-MINEDRE

The main metal oxide mineral were cerussite,smitilephemimorphite, sardinianite, limonite, fibegaso on. The
content of metal sulfide mineral was small ,thesrengalena, sphalerite, pyrite and pyrrhotite, Bi@nmetallic
minerals were quartz, chlorite, carbonate, silitiop stone, sericite, cordierite, epidote, barét. The valuable
components were cerussite, sphalerite and oxideralmof zinc. Metal minerals mainly exist in cadlal structure
and honeycomb structure.The metasomatic phenomeasmbvious between metal mineral.

Minerals of lead (cerussite, galena and sardireanitere aggregate of anhedral form, uneven degfee o
dissemination,and the residual structure of oxiagalena was in strong oxidizing environment, gcton shell
was formed at the same time oxidizing, so thatghakena was still in good condition exists in incices of lead
carbonate. Sphalerite was xenomorphic granulanasreplaced by goethite and lepidocrocite aloegetiige with

the malcrystal only.The oxide minerals of zinc waerainly smithsonite and hemimorphite. calamine waarbedral
irregular particle aggregation and mainly distrdzhtin the fissure of sphalerite or Contact betwi@onite and
pyrite.Hemimorphite distributed directional, bundiiérous and plate or strip aggregation, mosths\vafissure of
sphalerite or near a fine vein of quartz.

Quartz existed in anhedral allotriomorphic granwdad granular. clinochlore existed in lepidoblaséigture and
aphanitic, and was stained to brown by the ironemih Carbonate was anhedral granular. fibrolites wéiber
crystalloblastic texture and radial crystalloblaggxture. Trace and Sericite were lepidoblastitute and stained
by iron. Other non-metallic minerals, such as caniti, epidote, barite and so on, mainly showeckdrdi particle.

FLOTATION TEST

The most valuable elements in the run-of-minedvegee lead, zinc and silver, and the main lead amd minerals
were oxide minerals and the content of sulfide mafseof lead and zinc were small. The processingrielogy of

this kind of ore in general can be divided intohtdcs of "floating lead at first and floating thena later" and
technics of " floating sulfur minerals at first afidating the oxide minerals later " two categof7e8]. It was easy
to cause loss of zinc because the flotation ofchités of floating lead at first and floating thimz later " was
according to the order of sulfide minerals of leaxide minerals of lead, sulfide minerals of zimdaxide minerals
of zinc and mineral of zinc should be depresseéhduhe process in floating minerals of lead, amalftotability of
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metal mineral in tailings was poorer. Thereforehtecs of “floating sulfur minerals at first anaditing the oxide
minerals later” was used in this experiment , ngnfletation according to the order of sulfide miaksrof lead ,
sulfide minerals of zinc, oxide minerals of leadiaxxide minerals of zinc. The feasibility of recawng the valuable
components from the ore will be investigated

MESH OF GRIND TEST

The run of mine ore of the test was fine and thetexat of monomer of metal mineral in the sample way low
because it was tailings in mineral processing.furthinding must be done for improving degree loéiation of the
metal mineral and recovering metal minerals. Tisvéheet used in the experiment was shown in Figlhe
experimental results were shown in Fig. 2.

use con.as Concentrate,use PbS as sulfide mimddaksd, use ZnS as sulfide minerals of zinc, Us® Bs oxide
minerals of lead,use ZnO as oxide minerals of zinc.

unit: g/t
Mesh of grind: variable
Na;C03::1000;NazSi031:1000
Ethvl xanthate:50:27 0il:30

CuS04:300
butyl xanthate:60; 27 oil:30
Naz5:600

con. PbS butvl xanthate:60; 27 0il:20
Naz510::2000: Naz5:3000

con.ZnS HAN-:100
con.PbO
con.Zn0 tailings
Fig.1: Flowsheet of Mesh of grind test
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Fig.2: Theresultsof mesh of grind test,A:con.Pb(PbS and PbO),B: con.Zn(ZnS and ZnO)

The test result of mesh of grind shows that with ithprovement of mesh of grind, the recovery ofcamtrate of
lead and zinc tends to increase, the containingeobrof lead in zinc concentrate declines gradudtiywas
advantageous to improve the mesh of grind for catnadon of lead and zinc because of high the degrk
liberation of the metal mineral of lead-zinc. Thegh of grind for -0.074 mm 95.3% was used in theeseding
test.

The experimental results also showed the gradeesalery of lead in concentrate of lead sulfideenemall, and
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the grade of zinc in concentrate of lead sulfideeased significantly, a lot of zinc was lossedancentrate of lead
sulfide.This was mainly due to the content of sldfimineral of lead was low in the ore and it wd§iadilt to
liberate galena from sphalerite because of smatigha size of sulfide mineral of lead and closenbyosis with
sphalerite.The process of sulfide minerals of wdldbe removed in order to reduce the lossingintz

THE DOSAGE OF SODIUM SULFIDE TEST IN FLOATING OXIDEINERALS OF LEAD

Sodium sulfide was one of the common activatorlafafion of oxide mineral of lead[9].The dosageSadium
sulfide influences the results of separation oxigeerals of lead. The experimental flowsheet anddid®ns of
dosage of sodium sulfide in lead oxide flotatiorrevehown in fig. 3,the results were shown in fig. 4

Feed unit: g't
Mesh of grind-0.074mm 95 3%
a2C01:1000; Waz5101: 1000; CuS0y4:500
| butvl xanthate:30;2%0il:;p30
Nax5:200.400,600.800
butvl xanthate:60:2%0il:30
L | WNaz510::2000; Naz5:3000
con.ZnS HAN:100

v
con PbO

con.ZnQ tailings
Fig.3:Thetest flowsheet and conditions of dosage of sodium sulfide
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Fig. 4:the results of the dosage of sodium sulfidein oxide minerals of lead flotation

The test result of fig. 4 shows that when the desafysodium sulfide was from 200 to 600g/t, thedgrand
recovery of lead concentrate were improving witd thcreasing of dosage of sodium when the dosagedifim
sulphide was more than 600 g/t, grade and recootigad concentrate were decreasing with the isimgaof
dosage of sodium sulfide. When the dosage of soduifide was 600 g/t, grade and recovery of leautceantrate
reaches biggest. grade and recovery of zinc inerinate of Lead oxide were also on the increasmggs with the
increasing of dosage of sodium sulfide. Therefdosage of sodium sulphide for 600 g/t was suitable.

DESLIMING TEST BEFORE FLOATING OXIDE MINERALS OF AC

Seperation of oxide minerals of zinc by flotatioa wdifficult Because of more clay mineral and slimease going
into oncentrate by foam entrainment in flotationflll].In general,the desliming technology beforeafing oxide

minerals of zinc can reduce the influence of slane improve enrichment ratio,so the desliming tes$ done to
investigate the index of desliming yield effectaoncentrate of oxide minerals of zinc. The expenitakflowsheet
and conditions of desliming yield before floatingide minerals of zinc were shown in fig. 5,the tessgults of

desliming yield were shown in fig. 6.
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Feed unit: g/t

Mesh of grind:-0.074mm 93.3%
Naz;C03:1000; NazSi0:: 1000; Cus0y4: 300
butvl xanthate:50:2%0il:30

WNaz5:600

con.ZnsS eshming | NazSi0s: 2000:Na;S:3000
HAN: 100

con . PbO slime

con.Zn0 tailings

Fig.5:The experimental flowsheet and conditions of desliming yield
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Fig. 6:the test results of desliming yield

The test results from fig. 6 show that the deslgnivas not beneficial effect on flotation of zinddeThe grade and
recovery of zinc in zinc concentrate was decreasiggificantly with the increasing of desliming.tbesliming was
not be used before floating of oxide minerals otzi
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Fig. 7:the test result of dosage of sodium sulfide

3.4 The dosage of sodium sulfide test in floatihgxdde minerals of zinc
It was potent and common to use sodium sulfidedigstor to activate oxide mineral of zinc.The imfhce of
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dosage of sodium sulfide on flotation of oxide malef zinc was examined in the test. The test flo@et of dosage
of sodium sulfide was shown in fig. 5, the testtesf dosage of sodium sulfide was shown in fig. 7

Form fig. 7,we can see that when the dosage otisodulfide was more than 3000 g/t, zinc recoveryg high and
stable,and zinc grade of concentrate reached tieesi when the dosage of sodium sulfide was 300@gde of
zinc concentrate decreased with increasing doshgedium sulfide when dosage of sodium sulfide wase than
3000 g/t. Therefore, the dosage of sodium sulffd@00 g/t was suitable.

COMPREHENSIVE OPEN-CIRCUIT TEST AND CLOSED-CIRCUTEST

The flowsheet and conditions of open-circuit testravshown in fig. 8(returning product as Middlingio times
cleaner be used in flotation oxide minerals of zhme third cleaner only be used in close-circustiethe results of
open-circuit test were shown in table 3.

feed unit: git

Mesh of grind:-0.074mm 95.3%
A2, C05 1000 Nap 5105:1000:CusS 04300
butyl xanthate:50;2%0il:30
CuS04:500
butyl xanthate; 30 27 oil:20

:\13.155032

“Na;5:600
butyl xanthate:50,2%0i1:30
Na5:200

butyl xanthate 30 2%o0il: PO

NE}SiD;I

N2,5105-2000_ Na;S:3000

MNa,5:

MNap5:300, Nay51

03:3[][]|

con.XnO
Fig.8:Flowsheet of close-circuit test(returning product as Middling in open-circuit test)

Table 3 Theresults of open-circuit test

product yeild grade (%) recovery (%)
name (%) Pb Zn Pb Zn
con.ZnS 0.65 1.13  46.00 1.35 11.36
con.PbO 0.51 49.00 5.31 45.94 1.05
con.ZnO 3.58 1.17 39.40 7.70 54.89
Middling 35.61 0.87 2.62 39.19 28.28
tailings 59.65 0.053 0.19 5.82 4.42
run-of-mined ore  100.00  0.54 2.57 100.00 100.00

Test results of Fig. 8 show that grade of lead @xddd zinc sulfide concentrate were high reachaa¢quirements
of the concentrate quality, grade of zinc oxideamatirate was lower slightly, grade of concentrate lse improved
by increasing the time of cleaner.

the close-circuit flotation test was done on thaebaf open-circuit test. In order to ensure thedgraf zinc

concentrate for greater than 40%, a time cleansaradaed to floating oxide minerals of zinc in tHesgéd-circuit
flotation test. The flowsheet and conditions ofselecircuit test were shown in fig. 8, the resulesevshown in table
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Table4 Theresults of open-circuit test

Product Lo grade (%) recovery (%)
name productivity (%)~ = gD Pb Zn Ag
con.zZnS 0.76 132 45.80 226 1.91 13.93 8.26
con.PbO 0.71 48.30 4.73 462 65.41 1.34 15.78
con.ZznO 4.25 159 41.60 154 12.89 70.76 31.49
tailings 94.28 0.11 0.37 9.80 19.79 13.97 44.47
run-of-mined ore 100.00 0.52 2.50 20.78 100.00 A®O. 100.00

The closed-circuit test results show that higheddgrof concentrate of sulfide minerals of zinc,cmrate of lead
and concentrate of oxide minerals of zinc can poidugh recovering minerals of lead and zinc in gsheples by
flotation. Concentrate of sulfide minerals of zewd concentrate of oxide minerals of zinc can belgped into a
concentrate of zinc. The index of yield of concatgrof zinc for 5.01%, grade of concentrate of Zorc42.24%,
total recovery of zinc for 84.69% was obtained. Fheer was recovered at the same time recovedad bnd zinc
by the flotation and total recovery of silver was53%.

CONCLUSION

(1) Lead and zinc minerals in test sample mainigtexn the form of oxide, sulfide minerals of leads little and it
was difficult to get of concentrate of lead. Suffichinerals of Zinc was not high too, but the fldiabof sulfide
minerals of Zinc was better. The concentrate ofidiggrade of sulfide minerals of zinc can be gofitwation.

(2) The index of better lead and zinc concentraas got and silver was recovered too. Comprehemso@very of
valuable elements was realized through the exp@atime

(3) The experiment proved that recovering of ttael]ezinc, silver in the tailings using flotation tined was feasible.
The good economic benefit can be obtained throbghgasonable development of the tailings resource.
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