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In this workOthe fiotation of copper sulfide ores is achieved without using colleQors. The fesults
of the collectorless flOtation tests are comparalDe to those obtained by using thiol collectors. The grade
of the Cu coltentrate obtained in the labofatory dose.crcuit tests is 26.15% Cu with a recovery of

95.3%O0where a disseminated cop per ore containing | .88% Cu is used. The effeds of some fadorsO
such as redox potentiald pH and the addition of sodium sulfideOlime and frotherOon the collectof less
flotation of chalcopyfite are diswussed.
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Thi0o1dype llectOrS are Widdy USd in the COnVentional fi0tation fO UlphideS.
HOWeVer Orecently Some eXperiment ShavereVealed that ChalQOpyrite and $halerite Can
be f Dated SucceSS Ully WithOUt USing cOllectOrS. ThiS haSrekindled an old argUment
With regard to Whether QUJIfide mineralS are natUrally hydrophobic Or nCt. TherefOreld
mUG attention has been paid tO the inVeSigatiOh O c01lectOrleSS f Dtation.

Lepetic 19740 1 stUdied the cOllector IeSS flIOtation of chalcopyrite at pH6. 10
6.6 With SVen different frOtherS. The reUltS $hOWed that chalQOpyrite can be
f Dated V@eFUIly by USng all theS frOtherSafter dry aUtOgenOUS grinding. He
attribUted the reUItS tO the adrptiOn Of Oxygen On the freh SUrface Of dry—
ground ChalQpyite. The adSOrption prOmQCed the dehydratiOn of the SJrfaced and
0 made the SUrfaCe hydrQhObiC and the mineral flCatable.

Heyes and Trahar [M977023 tested four different kinds of mixtures of chalcopy —
rite and qUartZ. They fOUnd that chal@pyriteS diSlay natUral flQatability Under
oxidizing enVironment. T he copper recoVery ranged from 63.6 t0O 99.2%. But chal—
Qpyrite Will be nOn—+f10atable Under reducing enVironment fOrmed by adding me
redUcing reagents [sodium dithionite and ferrQus sUIfateld. It may be concluded that
the llectOrleS f0tation behaVior Of the mineral mainly dependS On the redOX
@nditiOn of the pUlp rather than the preSence Or abSnce O oXygen.
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Gardner and Woods [1979>8J had an electrochemical inVeSigation Of the
natUral f10atability of chal@pyrite particleS With a mOdified HallimOnd tUbe and
Voltammeter Oin WhiCh the pCtential at the mineral -0D1JtiOn interfaCe WaS @ntrOi | ed
potentioSatiGlly. The eXperimental reSUItS demonSrated that Chal Qpyrite WaSnatUr —
ally flCatable if the pQential Of the mineralZolWit interface WaSaboVe a QitiGl
Value but not if it Was beloW this ValueOand thus confirmed Heyes and Trahar's
obSrvations 19770 that the natural floatability was associated with anodic OXida—
tion of the SUrface Of chalcopyrite. Linear pGential SMeep VOltammeter haS identi—
fied the products Of the anodic reactiOn as CuSO FelOH[B and S. The preSnce Of
VlphUr On the mineral sUrface iScOnS9dered tO be the critical faQor in rendering
chalQpyrite flCatable.

On the other handOhoweverOM. C. Fuerstenau and J. Sabacky (1981153 confirm —
ed that fresh Chal@pyrited chal@dtell galenalpyrite and Sphalerite Were natUrally
f10atable in the abSnce of oxygen. The phenOmena haVe been fUrther SJpported by
the W 1leCorleSS f Dtation of Ghal@pyrite and Sphalerite When the Wet-grOund ore
samples are treated with sodium sulfide in the steel-ball grinding mill [¥QOn0O
1981'410. The reUltSare comparable tO thOse obtained by using thi0Ol cOlectorS
[5ee table | 00 Elemental sulfur has not been detected by ESCA on the sUrfaceS Of
cOncentrateS prodUced by the collectorless flOtatiOn techniqUe. SO0diUm SUlfideiS
cOnsidered as a cleaning agen t Which can remove hydrOphilic oXideS on the UrfaGsS.

Table | ReSUJItS of colleGorleS flotatiOhOcompared With
those of cOllector flotation @rom Yoon([19810

Feed and
CO1llectorless flotation Collector flotation
produds
Assays O%0O  Distribution0% 0 Assays[Pl] Distribution® O
Cu 7n Cu Zn Cu Zn Cu Zn
Feed 2.53 6.53 100.00 100.00 2.60 6.46 100. 00 100. 00
Cu conc 23.24  6.53 81.8 8.91 25.48 [0 4.68 83.70 6.19
Zn cOnhc. 1.34 30.33 7.29 78.77 2.82 52.96 10.55 79.78

It iS Qear that YOOnOFUer SenaU and Sabacky'S interpretatiOn iS different frOm
that by HeyesOTrahar [1977(10Gardner and WQods 19790 on the mechanisms O
01O |lesSf Otation of halCpyritedWth Sedal reference tO r0ES of SdiUm
sulfide and oxygen. Trahar [1983[181 reported later onOthat chalcopyrite WaS nCt
flCatable in redUcing conditions With Or WithQut Sdium sulfide bUt beGme flCatable
When OX¥y/gen WaS made aVailable. NO eViden@ WASfQnd tO SJggeS that halGpy—
rite ground in the nearly abSnce of OXygen Was highly floatablelor that chal cQpy —
fite VASNQ f Datable in the preSnG O oXygenOeither.

In 1984 0LUfrell and YOONn'7L made a fUrther SUdy On cdleGorleSS fIGation
of halQpyrite by USng SX different SO ceS The eXperimental reUItS SoWwed that
SOme chalcQpyrite can be flCated by Only USng a frGher bt GherS Gan not UnleSS
they Were treated With sQdiUm suifideOdepending on the sUrface OXidation O chal—
@pyrite. ChalQpyrite exhibits natUral flGatability at OXidizing potentialSbU nQt at
reducing potentials. Anodic oxidatiGh O the mineral sUrfacelwhich fOrms el emental
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VlphUrdiS r esponSble for the change of the sUrface frOm a hydrophilic to a

hydrOphobic condition. It haS also been foUnd that there eXistS thedependenCe Of the

QlleGorleSs f Dtation on pHOthe 1OWer the pHOthe better the ftatind The&
Ob&rVations further cOnhfirmed the previoUs reports [Heyes and TraharO 19790
Gardner and Woods19790Trahar 19830 that collectorless flotation only occured

under oxidizing conditionsOand threw doubt upOn Yoon's early explanation 19810
that D 1lectorleSS f10tatiOn of ChalQpyrite Can be aChieVed in redUdng conditionS.

‘ During the course of our researchd beginning at the end of 19830 we have

fAund that the fl0tation of cOpper sUIfide Ores frOm fOur different mines can be

achieVed successfully without using collectors [see table 20. The results of cOle—
ctorleSS flOtatiOn are almCst the Same aS thoSe obtained With cOlleGorSdin Spite of

the ore types Orom porphyrydskarn or dissemination or the ore grade. The grade
of Cu concentration obtained in the laboratory close-eircuit tests is 26.15% Cu

with a recovery of 95. 3% 0 where the disseminated copper ore containing |.88%

CU iS Usd .

Table 2 Results of cOllectorless flotation

eal ad Gd ledorless flatation Qolledor flatation
| ypeS ot ore prOc;UCl Grade Recovery Grade Recovefy
0% CuD (60 % Cul Lz

Porphyfy Fesd os 0@ 053 10.®

Rugh Gre. 7.3 DB 6.6 N7l
Skarn Fexl | .5 1000 163 10.a0

Raugh aonc. 5. B2 V) 9.3
LJ SSmlnat 10n Fed 533 10 52 100.a0

Rauh @ne. 0.4 97.23 17.6 9.2

Fexl 3.45 10.00 3546 10.00

Rough anc. 2295 5.3 2.14 B0

Fesl 31 10.00

Cac. 219%'e %.201

Feal |.88 100.0

(Gop'od .yl B Dle

NoteJ1[1] Results of close—ircuit flotation test through one rougher stage fOlowed by one
cleaning stage

1 EXPERIMENTAL

1.1 Ore Samples

The Ore Samples Ud in the WOrk are diSSeminated pper O eSIWhith @ntain
Ghal @pyritedpyritedqUartZzO talc and chlGitedetc.. The SampleS are crUshed tO
O03mm and SOred WithoUt taking any preQuUtiOnS againS the SJUrface oXidation O
the Qlphide mineralS. The SampleS GnSS of tWo different OreSd high grade Ore

cntaining 3.28% Cu and 5007/7% SOand low grade ore containing |.79% Cu and
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4.17% S.

1.2 PrOCGedureS

A 500g ore sample was ground in a labOratory steel ball mill With tap Water
until 76.1% by weight [high grade ored or 68.8% by weight Oow grade orel
through a 200 mesh stainless—steel screenOand the grOund pulp Was transferred
into the flotatiOn cell .5 0r 1.5 L in VOlumemounted on a XF-B LabOratOry
Model FIQtation MaCthine made in China. FOr rOUher fiOtationOthe flOtation time
iS aboUt 15 min. For cloSd—+ftation Operation the final conCentrateSWere produG
throUgh One rQJgher fI0tation fO110Wed by one cleaning flotation.

The redoX potential Of pUlp WaS meaSJred by USng a high +mpedan@ S[R29A
MOdel pH Meter made in China With platinUm-@X0mel eleGrode pair inSerted intO
the Sirred SlUrry. The performance Of the electrOde pair WaS checked before eaCh
measurement by calibration in freshly prepared ZoBell's solution [Garrels and
Christ 119650

1.5 Criteria

The concentration efficiency [E Ois calcUated aS fO110 Ws[
E=00Q0O OOCPCmO
where RO recovery O O - weight percentd] CO feed gradell Cm—theoretic cOntent
of Cu in CuFeS2 [B4.5% Cull
The fltation rate cOnstantS of chalcopyrite iS calcUlated in termSof the mQdel
(Wu YiRui019850 19 .

OoO 0O = ‘%lDDexpDDK Rz

where O theoretic recovery [% 00 OO recovery at t % 00O Ooi—the theoretic
recovery of i constituent 0% 00 K R—the flotation rate constant of f constituentOd
f—flotation timed f—constituent Oncluding the fastO middleOand slow(

2 RESULTS AND DISCUSSO N
2.1 The RedOx Potential Of PUp

In order tO stUdy the effe of the redoX pOtential Of pUlp On the 1leCorleSS
flotation of copper sulphide oresdoxidizing agent [INH4PS2081 and reducing agent
MNa2S52040 are added respectiVely during the flotation which is carried OUt by the
aeration of air Or nitrogen. When oxidizing agent is added Or air is blOWnO high
redox potentials 0O+ 2500 + 350mV0O are obtainedd and when reducing agent is added
or nitrogen is blownO10w redox potentials 001000 + 140mV 0O are achieVed [Fig.
10 The results of the collectOrleSS fICtatiOn shoW that chalcopyrite can be flOated
better at high redox potential than at low redox potential [(Bee table 30. It may
be conclUded that the increase Of the redox potential of pulp is beneficial to the
collectorless flotation of chalcopyritedthis is consistent with early reports [Heyes
and Trahard19770Gardner and Woods[ 197911

It haSalso been found in our Work that the pOtential Of Wet-ground pUlp in a
steel ball mill is about + 125mV and IOWered when sodium sulfide is added. BUI
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the pUlp pOtential can be upraised to + 3250 + 365 mV when the flotation is carri—
ed OUt Under the ndition OF the aeratiOn. ThiS ShoWS that the aeratiOn of air can

UpraiS® pUp potentialOthUS QOpper SUIphide e can be flOated Well by the aera—
tiOn OF air WithQJt US ng cOlkector eVen if the Ore iS grOUnd With tap Water in a
redUdng conditiOn. This is fUndamentally different from YOOn[19810 and Lepetic's
(M9740 reports.

2.2 Effect of pH

The M1llectOrleSS fDtatiOn Of SUIphide Ores as a fUnctiOn of pH is presented
in Fig. 20pH iSregUlated by NaOH Or HCI. It iS foUnd that ChalcQpyrite can be
f10ated better in acidiC and baSic pUlp than in neUtral cOnditiOnS and that the
OptimUm pH ValUe for the flOtatitnh iS aboUt 10.

Flotltion tCme/ min pH
Fig.1 Pulp potential as a function Fig.2 Effect of pH on cOllectorless
Of fIDtatiOn time flCtati On
J—Aeraion of aif 00 ReGveryd HOec—Qu recoveryl]
20 Addition of oxidizing agent and Rs—S recoveryd C—Grade[
aefatiOn of nitrogen Cc—Qu gfadedd Cs—S grad.O
30 Aeration of nitrogen E—Separation efficiency
40 addition of reducing agent and aeration Ec—Separation efficiency of copper
of nitrogen

Table 5 Effect Of redOx pQential of pulp On the cOleQQless
flotation Of QOpper SUlphide oreS

Flotation conditions Concent fate grade[®Cul] Recovery of copper %0
g 20.3 89.00
2 1909 91.80
3 18.43 7.40
4 9.69 27

JO200304 represent respectively the sarc conditions as those in Fig. L
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Gardner and Woods [M9790 have shOWed that the anodic oxidation of chal—
cOpyrite'S SUrfaCe OCCUreS aS f0110WSO

at baSC pH

CuFeS2+ 3HD = CuS+FelOH[B+S+ 3H++ 3 010
at addiC pH

CQUFES2= CUS+Fex+S+ 2e (20]

AS hOWn aboVelS and CUS Can be fOrmed on the sUrfaCe Of chal@pyrite in
aCidiC pUlpOand baSiC pUlp. The preSence of element SUlphur On the UrfaCe iS
reOnSible fOr the M1llectOrleSS flOtatiOn of chalcOpyrite. Reaction | and 2 are more
likely t0O OccUr at higher pOtentialOand the pH range in whiCh reaCtion | takeS plaCe
iS Wider at higher potential than that at IOwer potential. Our b SrVatiOnS are not
cOnpletely in agreement with YOOn'S repOrt that the collectOrleSS flCOtatiOn of
Chal@pyrite iS achieVed mOre readily at IOWer pH.

2.5 EffeC Of the AdditiOn O SQlium SUphide

YOOn ha$S eVer SUggeSted that the
cOleQorleSS flQation of chalcOpyrite
Gn be athieVed by using StrOng redu—
cing agent (NaZz[O. Howeverd our ob—
SrvationS ShOw  that chalcOpyrite can
al0 be flGated WithoUt uSng Sium
Suphide [kee Fig. 300 As a resultOthe
grade Of QOpper rougher cOncentrate iS
21.1% Cu with the recoVery of 95%
and the separation efficiency of 89.5%.
When SdiUm SUIfide iS added Othe re—
@Very inQeaSeS SightlyObWU the gra—
de and the SeparatiOn efficiency decr —

ea%xl meanWhile the diQribUtion of N-1S0.r 1

pyrite in Qpper cOncentrate increaSeS. Fig.5 The effect of the additiOn Of
The additiOn Of DdiUm SUlphide re. S0diUm Ulphide on the c01—
UItS in redUGng enVirOnmentO but leCiorleSs fi0tation

When air iS blOWn intO the fI0tatiOn
Gl Othe redoX potential upraiSeS rapidly tO +345mV at \Which the oollectorleSS
f Dtation O the Oe Gn be Sill achieVed. HOweverOif the dO&age O SdiUm SUfide

is above 1800 ¢/ tOthe pulp potential will maintain lower in spite of the aeration
WhiG iSnot SQuitable fO the cOlectOrleSS flGatiOn O chaldpyrite.

2.4 Rde of Lime

The relatiOnShip between pulp pH and flCGatability [Fig. 20 suggests that it is
poSsible fOr the SJlphide mineralS to be f10ated in baSc pUp by USng NaoH as a
pH regUlator. HOWeVer Oif lime may be USd inStead Of NaoHOthe cOllectQleSS
flCtatiOn in baSc pUlp Will be mOre readily eStabliShed in plant OperatiOn.

TherefOredthe effectS Of lime On the cOllectorleSs flCtation were investigated.
ASgiVen in Fig. 4 and Fig. 50the eXperimental reSUItS shOW that di SSeminated CO—
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pper Sulphide ore can be floated well with varying addition of limeCand that the
pOtential Of the pUlp is slightly reduced by the addition of limed but still ranged
Within that of cOllectorless flotation. In additionOthe flotation of pyrite can be

SrOngly SJppreSSed by the additiOn OF limeOWhiCh improVes the grade O cQoper
@nCentrate.

Flot_tion time/ min C’\O/g.ﬂj

Fig.4 Effect of the addition of lime on Fig.5 Effect of the addition of

the redOX pOtential Of the pulp lime On the cOlleQorleSS
Addition of lime [g.t.10 [0 O fI0tatioOn

2500 3—-1000 4—2000

2.5 RdQAe of Frother

The performance Of a frOher in the collectOrlesS flQtation system is greatly
different from that in the conVentiOnal flGatiOn SyStem. In the cOllectOr flQatiOnO
a frother and ®llectOr may be cOadSOrbed at the surface of the air blbbleS and
the interfaGeSOf mineral -1 iOn. When the particleS adhere to the blbbledfr GtherS
and colleGorS adSrbed on the interfaceS Of SJAUtiOn—air and mineral-SJUtiOn may
reJlt in GoSS.Upling. HOWeVer Jin cOllectOrleSS flQatiOn SyStema frother Can
be adSorbed al0ne. BecauSe Of the semicOndUdiVity OF Slphide mineralS1 SUch aS

that of halcopyriteda frOher may also be adSOrbed phyScally on the sUrface of
sUphide minerals Ronald. D. Crozier 198008. The adsorption of the frother

increaSeS With the raiSng of the redox potential of the pUlp [¥. A. Chanturyal
mos84ra

2.6 COmparison Between the ColleCtorless Flotation and the Conventional Flotation

The reSUItS of the f10tatiOn of high grade disseminated copper ores show that
the llectorleSS fl0tation O chalCOpyriteiSalmOst aS effiGent aS the f10tatiOn With

COlleCtOrS. H OwWeVer Othe diStribUtiOn O pyrite in COpper concentrate iS higher by
the COnVentional f10tatiOn than by the cOllectOrless flotation. In additionO the rate

COnStantS of the cOlectOrless flotatiOn Of sUlphide minerals are greater than thoSe
00 the conVentional flotation [Bee Table 40. ThusOit is found that the collectorless
flOtatiOn Can Separate chalcOpyrite frOm pyrite mOre efficiently.
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Table 4 The flotation rate constants of ulphide minerals

Ot les fldaion Qllata flaaion
Constitution
Distribution  Rate Didribwtion  Rate
0%0 constant o] cong at
Chalcopyr ite
The highest theoretical B. D 99. 67
re@ery
High rate congitution 58.33 2.34 44.43 1.976
Middle rate constitution 40.21 0.529 51.05 0.399
Low fate congitution 0.45 0.051 4. 19 0.051
Pyfite
The highest theoretical 66. 17 100. 00
reQvery
High rate coOstitution 36.28 2.28 31.85 1. 73
Middle rate constitution 27.6Z 0.371 36.10 0.181
Low rate constitution 2.2 0.051 32.05 0.051

5  CONCLUSIONS

The cOlectOrless f DtatiOn Of cOpper Sulphide ore has been achieved in Qur
reSarch. The reJItS are cOmparable to thOS of the cOnventiOnal f10tation. It is
al0 foUnd that the flQatiOn rate Of chalcOpyrite iS higher than that of pyrite du—
ring the MllectOrleSS flGtatiOnOand that the cO1ectOrleSS f10tatiOn Of chal cOpyrite is
eadly athieVed at a higher redOx potential.

ChalcOpyrite can be flDated better in the acidic or baSc¢c medium than in the
neUtral @OnditiOnS. Lime may be used aS pH regUlator Which can depreSs the flDta—
tion Of pyrite and establish stable and Suitable redOx pOtential fOr the cOllectorleSs
flOtatiOn .

The additiOn of.sodiUm suphide can loWer the redox potential of the pU pObUt
When air iS blOwnO the pCtential riSS rapidlydthUSIthe cOlectOrlesS flOtation can
alWay S be achieved in the preSence Or absence Of Sdium sulphide.

ReferenCes

1 Lepeic V M. The Canadian Mining and Metal lurgical Bullein(Jure1197407450 7 ~~#7
2 Heyes G WOT fahar W J. Int J Miner Process19770040031701 344

Gardner J ROWoods R. Int J Miner Process(11979716[11-H16

Yoon R H. Int OMiner Process119811813148

Fuerdenau M COSabaky N J. Int j Miner Process[119810181790 84

Trahar W J. Tht J Miner Procerr 1983011057

Luffrdl GHOYoon R H. Int J Minef Proaess (11984113127 11283

Crozier Ronald D. Mining Magazine[]198001 142(1[1726(1 35

BOODOOO Pofi0000. D00DO0O0O0ODO. DO0O0ODOOOD 019840530 66

goo. oooooboboooobOoobOOob00. ooboboobo0oobOoDbaessoio

‘o oo

o © m o« o o



VO01.19 Ne 4 _Huang Kaiguo Bf of | COLLECOORLESS FLOTATION

Jdoobooogdbodn

0 oag U ogd

mpooaoooo

[ H

g oUooo
oo irswooooooooooooooooo o oo
26.15%000095.3%0000. 0000000000000 000
o000 0o O©
oo U oo
oo pHOOOOUOOOOUOUDOOOOUOUOOO
ooodpHOOO0OO0OO0O0OO0OO0OO0ODO0OO0OOUOODO0OOO0OOOOO0OOOUOOO
oo UU OO
oo UU oG
oo bouououooo.

guboobobouboboobobobobobooboboobo
oo

O04doTD923



