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MINERALOGYAND RENEFICIATIONOF REPPARFJORDCOPFERORE


T J Hickey

SUMMARY


This reportdeacribeeworkdoneon a copperore from

Repparfjord,Norway,to developa flotationprocessand to
provideadditionalmineralogicalandgrindingdata. A two
stagegrindingand flotationprocessis describedwhich

resultein an 86%reooveryof the sulphidecopperminerals
at a concentrategradeof 33% copper,
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The sponsors,WegtIs (Manchester)Limated, roguestedthat werk be dene en

the prodectioncf a ceer ceneentras 1n which a drate of between .5-2 2% Cu gs

obtatnod at a reccrery of

Asprox±mately fflflsef or orfiord was regedvad a '
rJ

suItable hand sreeimenswere selectmdfer further mineralegleal Thn

of the ore was reducod to minus 2.5 cm ard then furthsr subdIvHed ard d te


provide an adequatenumbor of 1 kg ssaspleoat minus 10 mesn ilS S (1.68 m

After the grindIns char tto exemtnatIonand liboration stellesbad been

camdleted, riseries of hrHarr :cantests ustnm xanthates ani also

bonsothdazolewere oarriod based en the resalts of t I is

bulk (20 kg) floato were 'hon earrIed ont la prorlde sudtable susnIatiesof rough

eoncentratesfor sulreguent r-:-- aIr. and re-flotationexamination.

Some of the ,:redde co bmtb the rimary and secondao floats were -x neh

nIneralogicall-:and firoH

1

1 ke of head ere 1 aesh B S S (1.69 m m) was sent fst p thd

chemical analystm and the datsobri ned are gdmen in Table 1.

, TALLE 1 - fead Ore Analrsis Partdal)

Constituent Assay %

Total Copper 049

Oxide Copper 0.09

*SulphideMopper 0.4,0

SulTher 0.15

*Obtainedby dIfference ro.al Mopper minus Oxide Copper

It is to be noted et stsfe the total cosper assay of 0.4970is much

less Ihan the reputed doprer, a fact which was reported to the sponsors


before further work was eentinued.

booloal 0cmrositicn

Examination showed the ore to be a metadmorphosedintermeddatmigneous rock

composed prodominantdyof r,111CliPmgnerals - guarto, felspar and ferromangnesinn

silicates. The principalminer eenstiddientsappeared to be iron minerals - complex

intergrowthsof magnetite,hematite and geethtto - and copper minerals.
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Examinationof polishedbriquettesshowedthatthepatternof thecopper
sulphidemineralisationwasmorecomplexthansimplechalcocitewithminorbornite 
occurrences.Bothblue(needigenite)and greychalcociteoccur,thebluevariety
normallyrimmingbothborniteand chalcopyrite.Thebornitefrequentlycontains
relictcoresand orientedex-solutionlamellaeof chalcopyrite.Minorcovelliteis
alsopresent(seePlate1).

A fullmineralogicalmodalanalysisof the orehad not_beenrequested_and
was not includedin the proposalsbut a roughestimateof therelativoabundance
of the coppersulphidemineralscanbe madeby examinationof theassayresults
(Table1).

The mineralogicalexaminationsuggestedthattheonlysulphideninerals
presentwereall copperor copperbearingminerals.On thisbasis,tha sulphur
and copperassayscombineto givea coppersulphidemineralwithan averagecopper
contentof 72.7%. Thisindicatesthatthepredominatecoppermineralmustbe
chalcocitewitha chalcociteto borniteratioof about1.4.to 1.0.

The uniformdispersionof theccppermineralsandthe thinnessof someof
the layersindicatesthatveryfinegrindingmightbe required forcompleterelease.

Oxidecoppermineralsformedabout2 of the totalco er minerals resent._
two majorcomponentswereimmediatelyapparent.Lightbluechrysocollawas con-
centratedalongjointingplanes,whichconstitutedprimaryweaknessesin therock,
whilea darkgreenmineral,tentativelyidentifiedas malachitealsooccurredalong
the jointingplanesbut showeda greatertendencyte be associatedwiththecopper
sulphideminerals.A lack of responseto normalsulphidisationproceduresin the
initialflotationtestscalledthisidentificationas malachiteintoquestionand
on furtherexaminationthe darkgreenconstituentwas judgedto be the ratherrare
coppersilicatemineraldioptase.Thisidentificationhas now beenconfirmedby
X-raydiffractionstudies.

BeneficiationStudies

Assumingthatthe gradeof the samplereceivedwas typicalof theore-body
it appearedto be more thanusuallydesirableto restricttheprocessingcoststo
an absoluteminimum. Grindingformsthe largestsinglecost elementin a mineral
processingflowsheetand if veryfinegrindingis requiredfor adequatereleaseof
many of the smallersulphideparticlesthiscostbecomesparticularlylarge.

Theseconsiderationsled to theadoptionof a twe stageprocess. In the
first stage,grindingwouldproceedto the pointwherevigorousscavengingwould
producea satisfactoryrougherrecoverywhichfor thesulphidecopperminerals
shouldbe in the regionof 90-92%.
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Becauseit wasenvisagedthattherougherconcentratewouldcontainlarge
quantitiesof tightlylockedsulphideparticlesit wouldbe mostunsuitablefor
immediate,oleaning.The secondphaseof theprocesswouldthereforeconsistof
subjeotingtherougherconcentrateto finegrindingbeforeattemptingflotationto
meet the requirementssetoutby the sponsor.

Becausemuch of the oxidecopperoccurredalongjointingplanes,it was
originallyhopedthatthesemineralswouldtendto be preferentiallyliberatedat
an earlystagein the grindingprocessto the extentthattheycouldbe satisfac-
torilyrecoveredimmediatelyaftertheprimarysulphidefloat. However,as noted
earlier,it was soon discoveredthat thenon-sulphidecoppermineralsoccurredin
the formof silicateswhichare normallyunresponsiveto simpleflotation
techniques.

The presenceof dioptaseinsteadof the reportedmalachite,coupledwith
the factthattheheadassaywas only0.5%totalcopperand notthe reputed
0.8-0.9%,castdoubtuponthe validityof the sampleand the wholematterwas
referredto the sponsors.They statedthat;

	

(a) leachingprocesseswerenot acceptableand thepresenceof coppersilicates
shouldthereforebe ignored.

	

-(b) the depositwas variableandthe samplebeingexaminedwas probablyreason-
ablyrepresentativeof somesectionsof the orebody.

Accordinglythey directedthattheinvestigationshouldbe continuedupon
the samplethatwas sentand thatworkshouldbe concentratedsolelyuponthe
recoveryof sulphideminerals.

Howeversinceit is apparentfromthe testsreportedlaterin Table5, that
a significantdegreeof associationoccursbetweencoppersulphideand coppersili-
catemineralsevendownto finesizes,a seriesof oxidefloatswereperformedto
obtainthemaximunoverallsulphiderecovery.

PRIMARYGRINDINGAND PRIMARYFLOTATION


Grindin Characteristics

The initialstep in theflotationprocessconsistedin quantifyingthe
liberationcharacteristicsand determiningthe optimummesh of grind.

Threeof the1 kg minus10 meshheadchargeswere separatelygroundin a
stainlesssteelmillfor 800, 1600and 3600revolutionsrespectively.



The operatingconditionswereas follows:

Mill Dimension Length:30.48cm Diameter:15.24cm

GrindingMedia Ten 2.54cm diameterstainlesssteelrods
OperatingSpeed 80% critical

Pulp Density 60% solidsby weight.

The resultantproductswere subjectedto fullsizeanalysesand theresults
are shownin Table2.

Size of Fraction

MeshB S S

TABLE2. - Grindin Characteristicsof HeadOre

800 rev.grind 1600rev.grind )600 rev.grind

Weight Cumulative
% % Wt finer

Weight
%_

Cumulative

% Wt finer

Weight Cumulative
% % Wt finer

+ 36 0.32 99.68 - 100.00 - 100.00
- 36 + 52 2.26 97.42 0.02 99.98 - 100.00

- 52 + 72 13.71 83.71 0.60 99.38 0.01 99.99
- 72 + 100 25.71 58.00 6.50 92.88 0.06 99.93
- 100+ 150 15.90 42.10 19.92 77.96 0.89 99.04
- 150+ 200 9.64 32.46 18.60 54.36 4.45 94.59
- 200+ 300 8.86 23.60 17.67 36.69 18.54 76.05

- 300 23.60 - 36.69 - 76.05 -




100.00




100.00




100.00




The characteristicsare shownin Fig. 1 andappearto be normal. To assist

in the rapidcorrelationbetweenmillrevolutionsandresultantproductsize

distributionthe datagivenin Table2 havebeen re-plottedin Fig.2.

LiberationStudies

Lock testseries

The dynamicliberationcharacteristicsof thecoppersulphidemineralswere
of obviousinterestand accordinglya locktestserieswasundertaken.In this

seriesa numberof 1 kg headchargeswere separatelygroundfor500, 1200,1900,
2600 and 3300revolutions.Referenceto Fig. 2 will showthatthe spanof product
sizesrangedfromapproximately9•minus 52 meshto 75% minus300mesh. Each of

the productswas deslimedtwicein a 2.54cm diameterhydrocycloneunder

conditionswhichweredesignedto effecta d50 splitat 12 licronsfor sp. gr.

2.65 nominalspheres.Thisdeslimingoperationwas necessarysincethepresence

of slimesseriouslyimpairsheavyliquidcentrifugeoperations.The slimefrac-

tionswereanalysedfor copperdirectlybutrepresentativesub-samplesof thecyc-

lone underflowproductswerefirstsubjectedto successiveheavyliquid:separatione

at apecificgravitiesof 3.0 and3.7 and the densityproductswere submittedfor
copperassays.
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Unfortunatelythemetallurgdcalbalancesfromthe initialtest series

producedseveralseriousdiscrepanciesin the sulphidecopperbalancesand

examinationof theproductsshowedthatthe coppersulphidemineralshad been

attackedby theClericisolution(thalliumformate/malonate)whichwas usedto
effectthe sp. gr.3.7 separation.It was thereforenecessaryto repeatthetests

usinga singlesp.gr. 3.0 separationin methyleneiodideto whichcoppersulphide
mineralsare inert.

Product

The

TABLE

Weight,

%

resultsare givenin Table3.

. - Resultsof LockTestSeries

TotalCopper OxideCopper SulphideCopper
Assay,% Dist.% Assay,% Dist.% Assay,% Dist.%





500Rev Grind





S G 3.0Floats 89.10 0.20 37.2 0.06 60.9 0.14 31.9
S G 3.0Sinks 2.35 11.50 56.4 0.62 16.6 10,88 65.3
Slimes 8.55 0.36 6.4 0.23 22.5 0.13 2.8

Head (Calc) 100.00 (0.479) 100.0 (0.088) 100.0 (0.392) 100.0

Head (Assay)




0.49 0.09




0.40





1200Rev Grind





S G 3.0Floats 88.20 0.16 31.4 0.06 57.4 0.10 24.7
S G 3.0 Sinks 1.98 13.9 61.2 0.69 14.9 13.21 73.1
Slimes 9.82 0.34 7.4 0.26 27.7 0.08 2.2

Head (Calc) 100,00 (0.450) 100.0 (0.092) 100.0 (0.358) 100.0

Head (Assay)




0.49 0.09




040





1900Rev Grind





S G 3.0 Floats 84.81 0.13 22,0 0.06 52.5 0.07 14.7
S G 3.0 Sinks 2.34 14.9 69.6 0.70 16.9 14.20 82.1
Slimes 12.85 0.33 8.4 0.23 30.6 0.10 3.2

Head (Calc) 100,00 (0.502) 100.0 (0.097) 100.0 (0.405) 100.0
Head (Assay)




0.49 0.09




0.40





2600Rev Grind





S G 3.0Floats 82.09 0.12 20.6 0.05 46.0 0.07 14.8
S G 3.0 Sinks 2.20 15.0 68.9 0.69 17.0 14.31 80.8
Slimes 15.71 0.32 10.5 0.21 37.0 0.11 4.4

Head (Calc) 100.00 (0.479) 100.0 (0.089) 100.0 (0.390) 100.0
Head (Assay)




0.49 0.09




0.40





3300Rev Grind





S G 3.0 Floats 80.16 0.13 20.9 0.05 43.1 0.08 15.8
S G 3.0 Sinks 2.19 15.5 68.1 0.72 17.0 14.78 79.9
Slimes 17.65 0.31 11.0 0.21 39.9 0.10 4.3

Head (Calc) 100.00 (0.498) 100.0 (0.093) 100.0 0.405 100.0
Head (Assay)




0.49 0.09




(0.40)
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The generaltrendof the resultsis thatfinergrinding,particularlybeyond
1000revs(30%passing300 mesh),producesrelativelysmallchangesin the grades
of theproducts.The gradeof oxidecopperin allproductsis virtuallyunaltered
and the decreasein gradeof sulphidecopperin thefloatsis themirrorimageof
increasesof sulphidecoppergradein the slimes. Themajoreffectsare changes
in weightsplitbetweenthefloatsand the slimes.

A likelyexplanationof theseresultsis thatmostof the sulphidecopperis
fairlyreadilyliberated,but about_15%of the sulphidecopperand mostof the
oxideccpperis finelydisseminatedin the gangue.

The combinedeffectsarebest illustratedby usingthe dataof Fig. 1. to
convertgrindtimesintopercentagesof materialpassing300 mesh,andpresenting
the resultsas a locktestchart. Thisis shownin Fig.3. It willbe seenthat
maximumreleaseof totalcopperoccursat around49% minus300mesh. Finergrinds
woulddefinitelylead to unacceptableslimelosses,whereasowingto thepossibility
of flotationof lockedparticleswith someexposedmineralfaces,reasonable
flotationrecoveryalthoughat lowergrademightbe expectedfroman appreciably
coarsergrind.

Flotatio LockTestCorrelation

In orderto obtainsomecorrelationbetweenthelock testresults- whichgive
resultsbasedon particledensitydifferencesonly- a seriesof flotationtests
was carriedout for a limitednumberof differentbatchgrindproducts.

The basicprocedureemployedwas as follaws:

Grind: For a specifiednumberof revolutionsin thelaboratoryrodmill.
Flotation:A Wemco 'Mineralmaster'batchflotationcellwas used.

Naturalapproximately8.0.

Stage1: Add 0.025kg/tonofK.A.X.(PotassiumAmylXanthate)and conditionfor
2 minutes.

Adå 0.025kg/tonof M.B.T.(Mercaptobenzothiazole)and 2 dropsof 10%

Aerofroth65.

Floatuntilfrothis clean.

Stage 2: RepeatStage1 procedurewithsmallercollectoradditionsof 0.0125

kg/tonof bothK.A,X.andM.B.T.

Assays: All productswereassayedseparatelyfor totaland oxidecopper.

Althoughsubsequenttestresultssuggestedthatat coarsersizes,slightly
higherrecoveriesmightbe attainedby theuse of alone,theK.A.X./M.B.T.

mixtureused in thesetestswas quitesatisfacto/yand yieldeda rapidfloatwith
good frothtexture. The numberof millrevolutionsandflotationtimesusedin each
individualtestare givenin Table
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TABLE

Test

No

. - FlotationSeries:0 erati Variables

Numberof FlotationTimes,min
MillRevolutions Stage1 Stage2

14 560 5 7

15 750 4 5

16 1000 4 4

17 1250 4 3

18 1500 4 3

19 1750 4 2

20 2000 4 2

21 2600 4 2

As the seriesprogressedand thefeedsbecamefiner,therewas an apparent

tendencyfor more rapidflotationof thevalues,whichis reflectedin thereduced

flotationtimesfor thefinergrinds. It willbe rememberedthatflotationwas

continueduntilthe frothbecamewhiteandbarren.

The metallurgicalbalancesfromthesetestsare givenin Table5.

The overwhelmingbulk of thecopperrecoverywas alwaysmadein thefirst

flotationstage,whiletheeffectivenessof the scavengerstepalsotendedto

diminishas the productsizebecamefiner. The compositionsof the combined

concentratesfromeachtestare summarisedin Table6.

For comparisonwiththelocktestresultstheseoverallsulphidecopper

recoverieshavebeenplottedon Fig.4. Aftersomeuncertaintyat the coarser

sizes- and excludingthe obviouslyanomalousresultof Test20 - thepatternwaa

quitesimilarto that of the sp. gr.3.0 sinkline. The differenceswerethatthe

maximumnoughersulphiderecoverywas higher- at 95 per centas comparedto 85

per cent- and was attainedat a alightlycoarsergrind- at about80 per cent

passing120meshcomparedto 130per centpassing150mesh.

Thus it appearedthattwo thirdsof the sUlphidecoppercontainedin the

sp. gr.3.0 floatscouldbe recoveredin therougherflotationstage. At a rough

approximationthisextrayieldwouldmostlyrepresentparticlescontainingfrom

abouttwo to fiveper centby volumeof sulphidemineral.

It willbe notedthat,althoughthe weightrecoveriesto concentratevaried

from5 to8 per cent,the oxidecopperrecoveriesrangedbetween25 and 33 per cent.

This concentrationof oxidecopperin thefrothproduct- whichpersistsdownto

80 per centminus200mesh- su ststhattheremustbe a si 'ficantdegreeof

_associationbetweenthe coppersilicateand the coppersulphideminerals.

8 .



Product
Veight

Table - Flotation Series • Metallur cal Belancee

Total Copper Oxide Copeer Sulphide Cosser
Asnay % Dist. % Assay %


Teat 14 : 560 Reve

Dist. % Assay % Dist. %




Conc 1 5.22 5.7 59.2 0.42 23.4 5.28 67.4Conc 2 2.41 1.62 7.8 0.29 7.5 1.33 7.8Talling 92.37 0.18 33.0 0.07 69.1 0.11 24.8
-Head (Calc) (0.503) (0.94) (0.409)

-

100.00 100.0 100.0 100.0
Head (Aesay)




0.49




0.09




0.40





Test 15 : 750 Revs





Conc 1 3.63 10.0 75.7 0.46 18.8 9.54 P8.6Conc 2 2.12 0.61 2.7 0.2? 6.7 0.33 1.eTailing 94.25 0.11 21.6 0.07 74.5 0.04 9.6
Head (Calc) 100.00 (0.480) 100.0 (0.087) 100.0 (0.391) 100.0
Head (Assay)




0.49




0.09




0.40






Teet 16 : 1000 Reva





Conc 1 5.99 6.0 76.3 0.38 27.6 5.62 66.7Conc 2 1.20 1.55 4.0 0.33 4.9 1.22 3.8Tailing 92.81 0.10 19.7 0.06 67.5 0.04 9.5
•ead (Calc) 100.00 (0.470) 100.0 (0.082) 100.0 (0.388) 100.0

Head (Assay)




0.49




0.09




0.40






Test 17 : 1250 Revs





Conc 1 4.12 9.9 79.5 0.45 20.7 9.45 92.0Conc 2 2.31 0.50 2.3 0.25 6.4 0.25 1.4Tailing 93.57 0.10 18.2 0.07 72.9 0.03 6.6
Head (Calc) 100.00 (0.513) 100.0 (0.090) 100.0 (0.423) 100.0
Head (Aesay)




0.49




0.09




0.40






Teet 18 : 1500 Revs





Cono 1 6.41 6.0 80.7 0.34 24.0 5.66 94.0Conc 2 1.60 0.57 1.9 0.29 5.1 0.28 1.2Tailing 91.99 0.09 17.4 0.07 70.9 0.02 4.8
Head (Calc) 100.00 (0.477) 100.0 (0.091) 100.0 (0.386) 100.0
Head (Aseay)




0.49




0.09




0.40






Teet 19 : 1750 Reve





Conc 1 5.53 7.6 82.1 0.45 26.3 7.15 94.7Cone 2 1.51 0.54 1.6 0.30 4.9 0.24 0.8dialling 92.96 0.09 16.3 0.07 68.8 0.02 4.5
Illread (0a1c) 100.00 (0.512) 100.0 (0.095) 100.0 (0.418) 100.0

Head (Assay)




0.49




0.09




0.40






Test 20 : 2000 Reva





Conc 1 3.91 10.0 76.5 0.50 21.9 9.50 88.0Cono 2 1,10 0.58 1.2 0.29 3.6 0.29 0.8Tailing 94.99 0.12 22.3 0.07 74.5 0.05 11.2
Head (Calc) 100.00 (0.511) 100.0 (0.089) 100.0 (0.422) 100.0
Head (Aesay)




0.49




0.09




0.40






Teet 21 : 2600 Reve





Conc 1 4.80 8.2 79.5 0.47 24.3 7.73 92.2Conc 2 2.60 0.34 1.8 0.21 5.9 0.13 0.9Tailing 92.60 0.10 18.7 0.07 69.8 0.03 6.9
Head (Calc) 100.00 (0.495) 100.0 (0.093) 100.0 (0.402) 100.0

Head (Assay)




0.49




0.09




0.40
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TABLE6. - FlotationSeries:Com ositionof CombinedConcentrates

Test


No

Weight,


%

TotalCopper OxideCopper SulphideCopper

Assay,% Dist.% Assay,% Dist.% Assay,% Dist.%

14 7.63 4.41 67.0 0.38 30.9 4.03 75.2

15 5.75 6.54 78.4 0.39 25.5 6.14 90.4

16 7.19 5.26 80.3 0.37 32.5 4.88 90.5

17 6.43 6.52 81.8 0.38 27.1 6.14 93.4

18 8.01 4.92 82.6 0.33 29.1 4.59 95.2

19 7.04 6.09 83.7 0.42 31.2 5.67 95.5

20 5.01 7.93 77.7 0.45 25.5 7.48 88.8

21 7.40 5.44 81.3 0.38 30.2 5.06 93.1

InitialFlotationTestWork

An initialset of exploratorytestswas carriedoutpriorto and during

the flotationlock testseries. For thesetestsa relativelycoarsegrind(560

revs)was chosenin theexpectationthata regrindcircuitwouldeventuallyneed

to be adopted.

Test 1 was concernedwithestablishingthelevelof collectoradditionthat

wouldbe requiredand successive0.01kg/tonadditionsof sodiumsecondarybutyl

xanthate(S.SecB.X.)weremadeto the pulpin conjunctionwithAerofroth65

frother.The firstadditionsproducedonlyindiscriminateslimeflotationand it

appearedthatat least0.05kg/tonof reagentwouldbe required.Becausemaximum

rougherrecoverywas theobjectiveit was decidedto standardiseon an initial

additionof 0.05kg/tonfollowedby 0.025kg/tonas a scavengeraddition.

In Test2, thissulphideflotationprocedurewas followedby an attempted

oxideflotationstage. Afteran additionof 0.25kg/t of sodiumsulphide,which

raisedthepH to 9.2,no responeewas obtaineduntilafter8 minutesaerationwhen

a blackcolouredmineralroseintothefroth. Two furtheradditionsof sodium

sulphide(0.1kg/toneach)producedverylittleextraresponse.All oxidecon-

centrateswereexaminedbeforecombiningthemforassayand theabsenceof aRy

visiblegreenmineralled to the discoverythattherewas no malachitebut instead

a rarecoppersilicate- dioptase.

The resultsof thistestare shownin Table7.
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TABLE7. - Test2. S. SecB.X withAttemtedOxideFlotation

Product Weight, TotalCopper OxideCopper SulphideCopper

AssaV,% Dist.% Assav,% Dist.% Assay,% Dist.%

SulphideCono. 4.70 6.7 66.2 0.47 23.3 6.23 77.0

OxideConc. 3.22 2.13 14-.4 0.55 18.6 1.58 13.4

Tailing 92.08 0.10 19.4 0.06 58.1 0.04 9.6

Head (Calo) 100.00 (0.476) 100.0 (0.095) 100.0 (0.381) 100.0

Head(Assay)




0.49




0.09




0.40




Comparisonwithlaterresultsshowedthat,althoughthe effectwas not

outstanding,thenon-sulphidecopperdid,to someextent,respondto the

sulphidisationprocedure.Also theadditional13.4per centsulphidecopper

recoveryin thisstage- whichraisedthetotalsulphiderecoveryto 90.4per cent

- wasa featureof interestwhichsubsequentlyinspiredsomefurtherexperiments

withNaHS.

Com arisonof Xanthates

It willbe convenientat thispointto considerthe resultsachievedby a

testseriesdesignedto comparetheeffectivenessof sodiumsecondarybutyl

xanthate(S.Sec.B.X.),sodiumiso-propylxanthate(S.I.P.X.)andpotassiumamyl

xanthate(K.A.X.).The standardtwo stageprocedurewas employedandthe operating

conditionsare summarisedbelowin Table8.

TAILE8. - XanthateCom risons- 0 rati Conditions

Stage1 Stage2
TTest ype
of Cond. FloatNo Collector,time Aerofroth65, Collector,Dropsof FloatCollector Time,kg/t min'Dropsof 10% Time' kg/t lq%A765

	

min min

7 S.Sec.B.X. 0.05 2 6 9 0.025 6 7
8 S.I.P.X. 0.05 2 6 6 0.025 6 7

9 K.A.X. 0.05 2 8 8 0.025 4 4

With amylxanthaterathermorefrotherwas requiredto producea satisfac-

toryfrothin thefirststage. Theresultsare givenin Table9.

A visualimpressionthatK.A.X.was the bostof thesecollectorswas fully

oonfirmedby the results.It was clearlysuperiorto theS.Sec.B.X.,whichin

turnappearedto be marginallybetterthanthe S.I.P.X.
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TABLE . - Com arisonof Xanthates:MetalluricalBalances

Froduct Weight,
TotalCopper OxideCopper SulphideCopper

Assay,% Dist.% Assay,% Dist.%

Test7: S.Sec.B.X.

Assay,% Dist.%

Conc.1 2.91 10.5 62.5 0.50 16.7 10.00 72.3
Conc.2 1.90 1.13 4.4 0.29 6.4 0.84 4.0
Tailing 95.19 0.17 33.1 0.07 76.9 0.10 23.7

Head (Calc) 100.00 (0.489) 100.0 (0.087) 100.0 (0.402) 100.0

Head (Assay)




0.49




0.09




0.40




Test8: S.I.F.X.




Conc,1 3.63 7.7 56.2 0.4.3 16.0 7.27 66.1
Conc.2 2.52 1.55 7.9 0.28 7.2 1.27 8.0
Tailing 93.85 0.19 35.9 0.08 76.8 0.11 25.9

Head (Calc) 100.00 (0.50) 100.0 (0.088) 100.0 0.399 100.0

Head (Assay)




0.49




0.09




(0 .40)




Test9: K.A.X.





Conc,1 3.90 9.5 69.8 0.46 18.0 8.04. 81.7
Conc.2 1.70 1.10 3.5 0.33 5.7 0.77 3.0
Tailing 94.40 0.15 26.7 0.08 76.3 0.07 15.3

Head (Calc) 100.00 (0.531) 100.0 (0.099) 100.0 (0.432) 100.0

Head (Assay)




0.49




0.09




0.40




Use of K.A.X.withVariousAuxilia Collectorsand Frothers

In thenextfew testsattemptsweremade to reinforcetheactionof the

K.A.X.withvariousauxiliarycollectorsand frothers.The sameK.A.X.additiona

as in Test9 weremadeat eachstage(exceptinTest 22)but the following

variationswereintroduced

Test 10 In thistest cresol(4 dropsand2 dropsof purereagent)was substituted

for theAerofroth65.

Test 11 In thistestadditionsof 0.05kg/tand 0.025kg/tof Aerosol18 were

made to the two stages. Two dropsof 10 per centAerofroth65 werealsonecessary

in each stage.

Test 12 In thistestadditionsof 0.05kg/tand 0.025kg/tof an Aerosol22/

fuel oilmixture(inan 8:1)ratioweremade. Fourdropsof Aerofroth65 were

foundto te necessaryin eachstage.

Test 22 In thistesttheK.A.X.additionto the firststagewas reduoedto 0.025

kg/t while0.06kg/t additionsof palmoilweremade to both stages. Although

reputedlyself-frothingAerofroth65 (sixdropswnd4 dropsof 10 per cant
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solution)was requiredin both stages.

The resultsof thesetestsare givenin Table10.

TABLE10. - Use ofK.A.X.withAuxilia CollectorsandFrothers

Product Weight, TotalCopper OxideCopper SulphideCopper

Assay,% Dist.% Assay,% Dist.% Assay,%

Test 10.K.A.X.withCresolFrother

Dist.%

Conc.1 3.50 7.7 53.3 0.46 18.3
7.24 60.6

Conc.2 2.90 2.02 11.6 0.22 7.3 1.80 12.5
Tailing 93.60 0.19 35.1 0.07 74.4 0.12 26.9

Head (Calc) 100.00 (0.506) 100.0 (0.088) 100.0 (0.418) 100.0

Head (Assay)




0.49




0.09




0.40





Test 11.K.A.X.withAerosol18




Conc.1 2.50 10.2 52.7 0.62 15.5 9.58 62.5
Conc.2 3.20 1.85 12.2 0.31 9.8 1.54 12.9
Tailing 94.30 0.18 35.1 0.08 74.7 0.10 24.6

Head (Calc) 100.00 (0.483) 100.0 (0.100) 100.0 (0.383) 100.0
Head (Assay)




0.49




0.09




0.40





Test12.K.A.X.withAerosol22/Fue1Oil




Conc.1 4.21 7.4 62.9 0.51 22.3 6.89 72.7
Conc.2 4.01 0.71 5.8 0.27 11.3 0.44 44
Tailing 91.78 0.17 31.3 0.07 66.4 0.10 22.9

Head (Calc) 100.00 (0.496) 100.0 (0.097) 100.0 (0.401) 100.0

Head (Assay)




0.49




0.09




0.40





Test22.K.A.X.withPalmOil




Conc.1 1.10 17.60 37.8 0.60 7.3 17.00 44.3
Conc.2 1.50 7.60 22.2 0.36 6.0 7.24 25.7
Tailing 97.40 0.21 40.0 0.08 86.7 0.13 30.0

Head (Calc) 100,00 (0.512) 100.0 (0.090) 100.0 (0.422) 100.0

Head (Assay)




0.49




0.09




0.40




In comparisonwithTest9 theresultsproducedby the introductionof

cresol,Aerosol18 andAerosol22 appearto be definitelyinferior.

TheK.A.X./palmoilcombinationused in Test22 is of particularinterest,

becausethisis the reagentsystemusedat theAilikmine- a low grade(0.5per

centTotalCu) Swedishcopperoperationsituatednorthof theArcticCirclewhich

alsoemploysa relativelycoarsegrind. Theresultsof thistest,however,were

somewhatinconclusive.The totalK.A.X.additionof 0.05kg/thas clearlybeenless

effectiveat recoveringthevaluesthanthe similaradditionduringthefirststage
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of Test9. On the otherhand theselectivityof the systemappearsto be excellent

and furtherreagentadditionsmighthaveahownan overallimprovementin flotation

efficiency.

The Use ofMercatobenzothiazoleMercaptobenzothiazole(M.B.T.)is frequently

employedas a collectorfor coppersulphidemineralsandwas used- in conjunction

with K.A.X.- throughoutthegrinding/flotationsequencereportedin Tables5 and 6.

The use of thisreagentas the solecollectorwas exploredin Test 13,in

which the reagentadditionsweretheusual0.05kg/tand 0.025kg/t. Fourdrops

of tenper centAF 65 solutionwererequiredat eachstagewhiletheflotation

timeswere3 minutesand5 minutesrespectively.The resultsare givenin Table11.

TAILE11.- Test 13.Use of M.B.T.as SoleCollector

Product Weight, TotalCopper OxideCopper SulphldeCopper

Assay,% Dist.% Assay,% Dist.% Assay,% Dist.%

Conc.1 2.79 11.0 59.7 0.64 19.3 10.36 68.6

Conc.2 2.59 1.08 5.4 0.33 9.3 0.75 4.6

Tailing 94.62 0.19 34.9 0.07 71.4 0.12 26.8

Head (Calc) 100.00 (0.515) 100.0 (0.093) 100.0 (0.424) 100.0

Head (Assay) ------ 0.49




0.09




0.40




This reagent,usedeitheraloneor withK.A.X.(asin Test14),produced

attractiveand well-mineralisedfrothswithrapidflotationtimes- whichled to

its selectionfor theTest 14 to 21 series. However,subsequentcomparisonwith

Test 9 (seeTable9) and Test 14 (seeTable5) showedthatbetterrecoverieswere

attainedby the useof K.A.X.alone,and thatM.B.Tor M.B.T./K.A.X.mixtures

producedsimilarlyinferiorresults.

The Effectsof Lime FlocculationandAlkalineH

Duringan unrelatedinvestigationon anothersiliceoussulphideore

excellentflotationresultswereregmlarlyobtainedovera widerangeof operating

conditions- exceptwhenthe naturalstrongflocculationof the orewasbrokenby

the additionof sodiumsilicate.

TheRepparfjordore is ratherunusualin beingnaturallytotallydispersed

and - withthe resultsof thisearlierinvestigationin mind- it appearedreason-

able to explorewhethertheflotationselectivitymightbe improvedby the

preliminaryadditionof flocculatingagents.

The initialexploration,conductedduringtheearlierstagesof the

investigationwhenS.Sec.B.X.was stillbeingusedas the collector,consistedof

the followingtests.
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Test 4 In thistestthepH of thepulpwas raisedto 9.7withlimeimmediately
priorto the additionof theStage1 collectorincrement.

Test 5 In thistest0.25kg/t of limewas addedto thepulpand conditionedfor
5 minutesbeforethemachinewas switchedoff andthe pulppermittedto settlefor
4.0 minutesat a pH of 10.8. Visualcheckthenshowedthatflocculationwas
complete- as demonstratedby the presenceof a considerabledepthof clear
supernatantliquor. The machinewas now switchedon andthetestcontinued
accordingto thenormalsequence.

Test6 In thistest- in an attemptto differentiatebetweenthoseeffectsdueto
calciumionsand thosemerelydue to higherpH - theTest5 procedurewas repeated
using0.25kg/t of oalciumchloride.Reasonableflocculationwas notedafterthe
40 minutesettlementperiodandflotationtookplaceat a pH of 8.2.

Test 7 Thiswas the standardcomparisontestusingS.Sec.B.X.withoutany
modifioations.

The flotationtimeswereas follows:Test4 - 6 min and6 min. Test5 - 8
min and 6 min. Test6 - 5 min and6 min. Test7 - 9 min and7 min. The results
are shownin Table12.

FurtherTestswithK.A.X.and lime

In viewof theeffectof limeadditionwhen usingS.Sec.B.X.furthertests
wereundertakenwithlimein conjunctionwithK.A.X.andK.A.X./M.B.T.mixtures.

Test 23 In thistest0.25kg/tonof limewas addedto thepulpand conditionedfor
5 minutesimmediatelypriorto thefirstK.A.X.addition.FlotationpH was 10.7
and theflotationtimeswere8 min and4 min.

Test 24 A similarprocedurewas employedin thistest- in whicha mixtureof
K.A.X./M.B.T.was usedas the collectorand the flotationtimeswereagain8 min
and4 min.

Test 25 In thistest the limewas addedto therod millchargeratherthanthe
cell. K.A.X.was againthe solecollectorandflotationtimeswere8 minand4 min.

The resultsof thesetestsare givenin Table13.
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TABLE12. - Tests4.to 7: S.Sec.B.X.with H Modification

Product Weight, TotalCopper OxideCopper SulphideCopper

Assay,% Dist.% Assay,% Dist.%

Test4 - At pH 9.7 withLime

Assay,% Dist.%

Conc.1 3.23 8.8 58.9 0.78 23.7 8.02 68.9
Conc.2 1.86 2.5 9.6 0.29 5.1 2.21 10.9
Tailing 94.91 0.16 31.5 0.08 71.2 0.08 20.2

Head(Calo) 100.00 (0.483) 100.0 (0.106) 100.0 (0.376) 100.0

Head (Assay)




0.49




0.09




0.40




Test5 - 0.25kg/tLimeat pH 10.8

•••••• •

Conc.1 4.01 8.5 71.2 0.40 16.4 8.10




Conc.2 1.66 1.51 5.2 0.34 5.9 1.17 5.1
Talling 94.33 0.12 23.6 0.08 77.7 0.04 9.9

Head (Calc) 100.00 (0.479) 100.0 (0.097) 100.0 (0.382) 100.0

Head (Assay)------ 0.49




0.09




0.40





Test6 - 0.25kg/tCaC12at pH 8.2




Conc.1 3.29 9.5 64.6 0.54 17.9 8.96 76.7
Conc.2 1.45 1.94 5.8 0.36 5.2 1.58 6.0
Tailing 95.26 0.15 29.6 0.08 76.9 0.07 17.3

Head (Calc) 100.00 (0.484) 100.0 (0.099) 100.0 (0.384) 100.0

Head (Assay)




0.49




0.09




0.40





Test7 - UnmodifiedStandardFloat




Conc.1 2.91 10.5 62.5 0.50 16.7 10.00 72.3
Conc.2 1.90 1.13 4.4 0.29 6.4 0.84 4.0
Tailing 95.19 0.17 33.1 0.07 76.9 0.10 23.7

Head (Calc) 100.00 (0.489) 100.0 (0.087) 100.0 (0.402) 100.0

Head (Assay)




0.49




0.09




0.40




In comparisonwithTest9 the overallsulphiderecoveriesin bothTests

23 and 25 wereslightlyinferior.However,thesetestswereusefulin confirming

the generalsuperiorityofK.A.X.overthe oollectorsystemspreviouslyemployed.

Similarlythe recoveryin Test 24 with theK.A.X./M.B.T.mixturewas lowerthanin

the comparableTest 14.

Thesefurthertestsshowedno advantagefromthe additionof lime,and

suggestthattheimprovementsobtainedin Tests5 and 6 duringthe earlierseries

wereprobablydue to the40 minutequiescentperiodwhichenabledproperformation

of theflocs. To exploitthisadvantagein practice,therefore,mightentailthe

introductionof a thickenerbetweenthemillingandflotationsections- whichwould

probablybe a ratherunwelcomecomplicationin whatis visualisedas a cheapand
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TABLE1 . - Tests2 - 25. FurtherTestswithLime

Product Weight, TotalCopper OxideCopper SulphideCoprer

Assay,% Dist.% Assay,% Dist.% Assay,% Dist.%

Test23. K.A.X.withLimeto Cell

Conc.1 6.18 5.2 67.0 0.37 24.7 4.83 77.2
Conc.2 1.80 1.63 6.1 0.30 5.8 1.33 -C.2
Tailing 92.02 0.14 26.9 0.07 C

	

69.5 0.07 1.6

Head (Calc) 100.00 (0.480) 100.0 (0.093) 100.0 (0.378) 100.0
Head(Assay) 0.49 0.09 0.40


Test 24. K.A.X./M.B.T.withLime to Cell

Conc.1 5.85 4.63 57.5 0.37 23.5 4.26 65.8
Conc.2 2.00 1.24 5.3 0.30 6.5 0.94 5.0Tailing 92.15 0.19 37.2 0.07 70.0 0.12 29.2

Head(Calc) 100.00 (0.471) 100.0 (0.092) 100.0 (0.379) 100.0
Head(Assay) 0.49 0.09 0.40


Test25. K.A.X.withLimeto Mill

Conc.1 4.46 6.7 61.8 0.39 16.0 6.31 75.0
Conc.2 3.56 1.06 7.8 0.24 7.8 0.82 7.8Tailing 91.98 0.16 30.4 0.09 76.2 0.07 17.2

Head (Calc) 100.00 (0.484) 100.0 (0.109) 100.0 (0.375) 100.0
Head(Assay) 0.49 0.09 0.40

simpleflowsheet.Alternativelyflocformationmightbe stimulated underdynamic
conditions- by increasingthelimeaddition.However,thiswouldincreasethe
costandmightalso raisethe pH of theeffluentwaterto inconvenientlevels.

Thisdatawasunavailablewhen thefurtherexperimentswithhydrosulphide-
describedin thenextsection- wereundertaken.

FurtherTestswithNaHS

In a reviewof theearliertestresultsthe significantlyincreasedcopper
sulphiderecoveryobtained- aftersulphidisation- duringthe 'oxide'flotation
stageof Test 2 attractedattention.Accordinglytwofurthertests,Nos. 26 and27,
featuringhydrosulphidewereundertaken.Thesetestswere designedas replicates
and theconditionswerethereforeidentical.

Grind 560 revolutionswith0.25kg/tof lime

ptage 1 Naturaljil10.6

Add 0.05kg/t of commercialgradeNaHS (pH---) 11.2)
Conditionfor 5 minutes
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Add 0.05kg/tofK.A.X.and conditionfor 2 minutes

Add 10 per centAerofroth65 solution(9 dropsin two stagesof 5 and 4

drops)and floatfor a totalof 8 minutes- mineralisedfrothonly

startedto appearafter4 to 5 minutesof aeration.

Stasp2 Add 0.025kg/tofK.A.X.and conditionfor 2 minutes

Add 4 dropsof additional10 per centAF 65 andfloatfor 4 minutes.

The resultsare givenin Table14.

TABLE14.- Tests26 and27. K.A.X.withLimeandNaHS

Product
Weight, TotalCopper OxideCopper SulphideCopper

Assay,% Dist.% Assay,% Dist.% Assay,%

Test 26 - Balance

Dist.%

Conc.1 7.38 3.5 54.0 0.39 31.6 3.11 59.2

Conc.2 3.37 2.3 16.2 0.26 9.7 2.04 17.8

Tailing 89.25 0.16 29.8 0.06 58.7 0.10 23.0

Head (Calc) 100,00 (0.479) 100.0 (0,091) 100.0 (0.388) 100.0

Head (Assay)




0.49




0.09




0.40





Test27 - Balance




Conc.1 5.65 5.0 54.7 0.54 30.0 4.46 60.7

Conc.2 3.46 2.04 13.6 0.22 7.5 1.82 15.2

Tailing 90.89 0-18 31.7 0.07 62.5 0.11 24.1

Head (Calc) 100.00 (0.517) 100.0 (0.102) 100.0 (0.415) 100.0

Head (Assay)




0.49




0.09




0.40




Althoughtheweightrecoveryincreasedin bothtests(andvisualexamination

showedmanylockedsulphideparticles)the results,whicharedirectlycomparable

to thoseof Test25 (seeTable13),weredistinctlyinferior.The overallcopper

sulphiderecoverywas reducedby 6 to 7 per centwhiletheconoentrategradealso

deteriorated.However,it is stillpossiblethata smallerNaHS additionduring

the scavengerstage- aftertherecoveryof thebulk of theliberatedsulphide-

mighthaveyieldedan overallperformanceimprovement.

As replicatesthesetwo testsappearedto be reasonablysatisfactory.


BulkFlotationTestswithoutOxideFloat

On thebasisof the primaryflotationresultsit was decidedthatbulk

floats(20kg charges)wouldbe carriedoutusingtheK.A.X./Aerofroth65 com-

binationof Test9 and the primarygrindingwouldbe somewherebetween750 to

1250revolutionsof the mill. Thisis a somewhatlessthanindicatedby the lock
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testworkin Fig.3 but thatrefersto completelyliberatedvalueswhilstin

flotationit is obviouslypossibleto floatlockedsulphideparticles(i.e.)at a

coarsersizeproducedby lessgrinding.Sincetherougherconcentrateis to be

regroundthereis everyadvantagefromthe primarygrindingcostpointof viewin

floatingthe sulphidesat as coarsea sizeas possibleconcomitantwithmaximum

sulphiderecovery.

Thebulk sulphidefloatwerecarriedouton feedswhichhadbeengroundfor
750,1000and 1250revolutionsof themill. In the firstbulkfloatusinga unit

Wemcocell,theapparentlyinferiorflotationperformancethatresultedwas diag-

nosedas beingdueto tooslowan impellerspeed. The speedwas thereforeraised

from410 rev/minto 670 rev/min.

Alongwiththefirstbulkconcentratewhichwasproducedwiththe incorrect
impellerspeedaftera 750 rev grindthreeotherbulkconcentrateswereproduced

fromprimarygrindsof 750,1000and 1250revolutionsof themillrespectively.

Thefollowinggeneralconditionswereusedforthefloats.

Grind 20 kg of -10meshorefor differinggrindtimesat 60%solids

FlotationNaturalpH approximately8.0

0.22kg/tonK.A.X.

Condition2 minutes

Add 10 ml 10%Aerofroth65

Float10 minutes

Add 0.11kg K.A.X.

Condition2 minutes

Add 5 ml 10%Aerofroth65

Float8-14 minutes(untilfrothis barren).

The concentratesfromthefourbulkfloatswerecombinedto formfeedfor

there-grindingand re-flotationtestsin Table15. The resultsof thefour

floats(Tests30-33)are givenas follows:
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Grind: 20 kg of -10meshgroundfor 1250revsat 62%solids.

Reagents:As in Test30.

The followingresultswere obtained:

Assay% Distribution%

Product % Wt TotalCu. OxideCu. SulphideCu. TotalCu.OxideCu.SulphideCu.

Conc. 14.97 2.47 0.28 2.19 77.5 45.5 85.2
Tail. 85.03 0.126 0.059 0.067 22.5 54.5 14.8

	

100.00 (0.48) (0.092) (0 .385) 100.0 100.0 100.0

The concentrateswerebulked(fromTests30-33)and thefollowingtable

(Table16)expressesthebulk percentagerecoveriesof total,oxideand sulphidc

copperintotheconcentrates.

TAPIE16

Product % Wt

Assay% Distribution%

TotalCu. OxideCu. SulphideCu.TotalCu.OxideCu. SulphideCu.

F30 Conc 1.57 4.47 0.29 4.18 14.5 4.9 16.8
Tail 23.35 0.22 0.07 0.15 10.7 17.8 9.0

F31Conc 4.77 2.27 0.26 2.02 22.4 13.5 24.6
Tail 21.64 0.14 0.06 0.08 6.3 14.1 4.4

F32 Conc 3.49 2.50 0.25 2.25 18.1 9.5 20.1
Tail 21.60 0.10 0.07 0.03 4.5 16.4 1.7

P33 Conc 3.53 2.47 0.28 2.19 18.1 10.7 19.8
Tail 20.05 0.13 0.06 0.07 5.4 13.1 3.6

HeadOre 100.00 (0.48) (0.09) (0.39) 100.0 100.0 100.0

The overallrecoveryof TotalCopperin concs(Tests30-33)is 73.1%at 2.64 Cu.

The averallrecoveryof SulphideCopperin theseconcsis 81.3%at 2.38%Cu.

Becausethe operationof the impellerundoubtedlyaffectedtheflotation

resultsof test30 it is possibleto calculatea hypotheticaltotalcopperand

sulphidecopperrecoverywhichleavesoutthelowerrecoveryfigureof Test30

whenthewrongimpellerspeedwasused. The calculationsaregivenin Table17.
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The remainingtestsweredonewiththefollowinggrindingconditions:

No regrind

200revs

380 "

750 "

Theresultsof thesere-grind,re-floattestsare givenin Table19.


TABLE19

Test No re ind)

Assay% Distribution%

Product % Wt TotalCu.OxideCu.SulphideCu.TotalCu.OxideCu.SulphideCu.

Concentrate 12.77 20.0 0.90 19.10 91.8 42.2 97.2
RougherTail 62.77 0.18 ' 0.13 0.05 4.0 30.0 1.2
CleanerTail 1 16.69 0.26 0.26 0.10 2.2 15.9 0.7

" 2 5.62 0.65 0.40 0.25 1.3 8.3 0.6
" 3 2.15 0.86 0.45 0.41 0.7 3.6 0.3

100.00 (2.78) (0.27) (2.51) 100.0 100.0 100.0

Test 8 200 revre ind






Concentrate 9.66 26.0 1.15 24.85 91.7 42.2 96.9
RougherTail 72.36 0.21 0.14 0.07 5.5 38.5 2.1
CleanerTail1 11.99 0.33 0.25 0.08 1.4 11.4 0.4.

" 2 4.27 0.55 0.36 0.19 0.9 5.9 0.3
" o 3 1.72 0.73 0.30 0.43 0.5 2.0 0.3

100.00 (2.74) (0.26) (2.48) 100.0 100.0 100.0

Test 80 rev re ind)






Concentrate 9.42 26.0 0.91 25.09 89.3 36.0 94.4
RougherTail 69.10 0.32 0.14 0.18 8.0 40.7 5.0
CleanerTail1 14.65 0.28 0.22 0.06 1.5 13.5 0.3

" 2 5.69 0.42 0.33 0.09 0.9 7.9 0.2
" " 3 1.14 0.63 0.40 0.23 0.3 1.9 0.1

100.00 (2.74) (0.24) (2.50) 100.0 100.0 100.0

Test40 0 rev re rind)






Concentrate 7.83 33.0 1.10 31.90 92.0 35.1 97.4
RougherTail 66.72 0.21 0.13 0.08 5.0 35.3 2.1
CleanerTail1 17.93 0.28 0.25 0.03 1.8 18.2 0.2

2 5.70 0.40 0.35 0.05 0.8 8.1 0.1
n

" 3 1.82 0.66 0.44 0.22 0.4 3.3 0.2

100.00 (2.81) (0.25) (2.56) 100.0 100.0 100.0

23.



The cleanerconcentratesproducedfromTests36-40inclusivelyand alsothe
originalre-grindfeedweredry screenedand theresultsarepresentedin Table20
and alsographicallyin Figure5.

TABLE20. - SizeAnal ses of feedforre ind


testsandalsoof concentratesroducedin tests 6-40

GrindConditions

MeshSize

B S S

RegrindHead

	

c Cumulative

	

Wt " % Finer

No

wt%

Regrind 200Rev Grind

CumulativeWt % % Finer
Cumulative
% Finer

+ 52 0.40 99.60 0.50 99.70 0.02 99.98
- 52 + 72 3.54 96.26 6.64 93.06 0.10 59.88
- 72 + 100 7.77 88.49 21.01 72.05 0.10 99.78

- 100 + 150 7.33 81.16 18.04 54.01 10.48 89.50
- 150 + 200 6.91 74.25 12.12 41.89 17.35 71.95
- 200 + 300 10.02 64-23 10.27 31.62 19.72 52.23

- 300 64.23




31.62




52.23




100. 00




100 .0 0




100.00




GrindConditions

MeshSize

BBS

+ 52

380Rev

	

c Cumulative

	

Wt ' % Finer

0.025 99.975

560 Rev

	

m+ c Cumulative
% Finer


0.05 99.97

750 Rev

w, c Cumulative
% Finer""

- 100.00
- 52 + 72 0.025 99.95 0.06 99.91 - 100.00
- 72 + 100 0.06 99.89 0.37 99.54 0.05 99.97
- 100 + 150 5.10 94.79 2.20 97.34 0.89 99.08
- 150 + 200 11.97 82.82 7.96 89.58 4.32 94.76- 200 + 300 19.15 63.67 20.26 69.12 15.18 79.58

- 300 63.67




69.12




79.58




100.00




100.00




100.00




Usingthe sulphidecopperrecoveryfiguresfromTable18 (forTest36)
and Table19 (forTests37-40)it is possibleto constructa familyof grade-
recoverycurvesto findoutwheretheoptimumregrindconditionslie. Thecurves
are constructedby calculatingthe recovery-gradefiguresfor the concentrate
alone,concentratepluscleanertail1, concentratepluscleanertail1 plus
cleanertail2 and finallythe concentrateplusthethreecleanertails. The
curvesare shownin Figure6 and it canbe seenthatregrindingof therougher
concentratesusingeitherthe560 of 750 rev.grindwillproduceconcentrateswith
the optimumoverallgrade-recoveryrelationships.FromTable20, it willbe
apparentthat thesegrindconditionsgaveconcentrateswitha sizedistributionof
between69 and 79% minus300mesh,

It is nowpossibleat this stageto estimatea finalrecoveryand gradefor
the firsttwo stageprocessesinvolvingbulkflotationwithoutoxideflotation.
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The bestrecoveryforTests31-33(i.e.)thoseusingthecorrectimpeller
speedhas beenestimatedat 87.5%sulphidecopperrecovery.In the regrindtests,

tests35 and36 and40 havegivenreasonablesulphiderecoveriesand gradesand

thebestpossibleresultswouldbe

Test35: 87.5x 98.5= 86.2%sulphiderecoveryat 33.8%copper


" 36: 87.5x 97.2= 85.1% " " at 34.9% "

" 40: 87.5x 97.4= 85.2 " at 31.2% "

Usingthe actualsulphiderecoveryfigureof 81.3%(cf)Table16 Tests

55, theseoverallsulphiderecoveryfigureswouldbe as follows:

Test35: 81.3x 98.5= 80.1%Sulphiderecoveryat 33.5.copper

" 36: 81.3x 97.2= 79.0% " at 34.9% "

" 40: 81.3x 97.4= 79.2% " at 31.2% "

Bulkfloatswithoxideconcentratefloat

As it was earliernoticedthereseemsto be somesignificantdegreeof

associationbetweenoxidecoppermineralsandthe sulphidecoppermineralseven
downto finelygroundfeedsizes. Thereis thereforeeverygoodreasonto attempt

an oxidefloatafterthebulkroughersulphidefloatin orderto obtainthe

maximumsulphiderecoveryat thisstage.

In thebulkrougherfloat,20 kg of minus10 meshheadorewasgroundfor
1250revsat 60% solidswith1.1kg/tonlime. The limewas addedto helpfloccula-

tionbecauseas it was earlierpointedout thisseemsto aid sulphiderecovery.
TheK.A.X.additionof 0.33kg/twasthe sameas in theearlierbulk sulphide

float. Aftera sulphiderougherconcentratehad beentaken,an oxideconcentrate
was floatedoffafterfirstconditioningthepulpwith 0.22kg/toncommercial
sodiumsulphidefor5 minutesandthenadding0.11kg/tonK.A.X.andAerofroth65,
A furtheradditionof 0.11kg/tonSodiumSulphidewas madetowardstheend of the
float. The resultsof Test42 andalsofor Test45 (whichis identicalto Test42

exceptthatin theformercasethebulkof thelimeis addedto themillWhilst

in Test45 limeis addedto the celldirectly)aregivenin Table21.

MineraloicalExaminationof Products

RepresentativeproductsfromTests32,36 and42 havebeen examined
mineralogicallyas polishedsectionsand thefollowingobservationsweremade.

Sul hideandOxideConcentrates

Grainsin both samplesrangefrom10-150pm in diameter,thecopper

aulphidestendingto be uniformlysmall(10-50pm),the ironmineralslarger

(50-100pm) and the silicatesspanningtheentirerange„
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TASLE21

Product % Wt

Assay% Distribution%

TotalCu.OxideCu.SulphideCu.TotalCu.OxideCu.SulphideCu.

SulphideConc. 5.56 5.60 0.39 5.21 67.0 24.6 77.0
OxideConc. 3.49 1.00 0.34 0.66 7.5 13.5 6.1
Tail 90.95 0.13 0.06 0.07 25.5 61.9 16.9




100.00 ( 0.46 ) (0.0 88) (0. 376) 100 . 0 10 0. 0 100. 0




Test45

9.62 2.81 0.29 2.52 57.9 29.2 65.3SulohideConc.
OxideConc. 4.13 1.42 0.38 1.04 12.6 16.5 11.5
Tail 86.25 0.16 0.06 0.10 29.5 55.3 23.2




100.00 (0.47) (0.096) (0.37) 100.0 100.0 100.0

In both concentrates,over92% of the coppermineralis bornite-3

chalcocitewithsubsidiarycovelliteand chalcopyrite(c.a.Q%covelliteand 2%
chalcopyrite).The oxideconcentratecontainedmoresurfaceexposedbornitethan

the sulphideconcentrate.

The ironmineralsare magnetite(up to equalproportionsin oxidecone.

but absentin thesulphideconc.)andhematite.Smallamountsof goethite

alterationproductare visible.

The bulkof bothproductsis quartz,up to 95% in the caseof the oxide

concentrateand90% in the sulphideconcentrate.

RougherTails Test42 (ModerateSulphideRecoverY)

A sink/floatusingmethyleneiodidewascarriedoutand the following

observatio'nsmade.

Sp.gr.3.3 Sinks. Mainlyhematiteand magnetiteoftenin compositionwith quartz.

Somegrainsof magnetitewithsmallamountsof attachedsulphide.

Hematitepartiallyalteredto goethite.Some dioptase,mainlyliberated.

Sp.gr.3.0Floats. Mainlyquartzoftenwithchloriticmaterialin composition

smallamountsof dioptase/quartz.No traceof chrysocolla.
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RougherTails Test32

An exaMpleof gocdprimarysulphiderecovery.No visiblesulphides.
Largeamountsof hematite/goethiteandmagnetite.Chloriticcomposites
with quartz. Some liberatedand somecompositedioptase.Mainlyquartz.

Re indRo r Tails Test36

Sp.gr.3.3 Sinks, Mainlyhematiteandmagnetite.No sulphidesvisible.Some
dioptase(liberated).Hematitewithlittlealterationto goethite.

3.3 Floats. Some chlorite/quartzcomposition.No traceof chrysocolla.
Somesmallamountsof compositedioptase/quartz.

The main conclusionsto be drawnfrom thebriefexaminationof these
produotsare:

Sulphideflotationveryefficientexceptfor thosecompositesof magnetite/
sulphidewhichmaybe physicallytooheavyfor flotation.

Dioptasedid not respondto flotation.

Chrysocollaappearsto havegoneentirelywith alimes.
Mainheavymineralsin tailsare ironoxides.

RE-GRINDAND RE-FLOTATIONTESTS

Thebulkedoxideand sulphideconcentrateswerethentreatedfurtherby
regrindingfor 750 revs.of themill at 5pssolids. Recleanerconcentratesfor
boththesulphideand oxidestageswereobtainedand theresultsfor Test43 are
shownin Table22.

The generalconditionsfor thefloatwere:

• SulphideRougherFloat: 0.22kg/tonK.A.X.

10 dropslq%AF 65 solution.Cleanconcentratethreetimesand combine
tailswithoxidufloatfeed.

OxideRougherFloat: 0.22kg/ton. Commeroialsodiumsulphidefollowedby 0.1kg/t
K.A.X.afterconditioning.

FloatRougheroxideconcentrate1.

Add further0.1kg/tonsodiumsulphide.

FloatRougheroxideooncentrate2.

Cleancombinedconcs.once.

The oxideconcentratewas examinedundera binocularmicroscopeand was
foundto containa fairproportionof magnetiomaterialwhichwas probably
magnetite.
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7APLE 2

Product

Asmsy % Dis'Hbut. n %

Total Cu.Oxide Cu•Total Cu.Nidu Cu.Sulphide

The cr

the tcitY suih ir-e(

1ueovcrvbecoseg:

x

1 f cc

'aLew t

the aeries of ter,'2 is no 31mob1en.n the re-grind anbieunin , stagem.


Tho success of ireuce:tnr 4nis ore sbyi_c,us.kyrests on an aJb.!:igate(90-92) bulk

sulphtde rougher onnntrete receverj.

It is aFrarent ..-coondsryiernensm;_nrog thts ore

that accentable ('rademan-1stare recoveri r tre no ma,jor!rsblcm. However in the

bulk rougher procemming e the recovericmare somewhat dimappointtngesFecislly

mtnce the initislblflkfle cre not very well renUce_tPd'n bulk


teats 42 and 45.

In contrast to the c e on the beneficial lineof ltme ss

a floaculantrrlor eo g:e)ts—sn, oticed thst onc s:c-rdficant

differencebetwcen the eo:HiltiCW nd Tests 42 snd 245 was that in

the former no lime was •(I(lisdsnd the bc:d t total sulthide recovery wns

8.



87.9%(Table17)whilstin thelattertestswherelimewas addedthe sulphide

recoverywas about77%. It aiahoweverresultin a higherroughersulphideconc.

gradeandmusthavesomeeffecton selectivitypresumablyby flocculationof the

Slimes. On theseresultsthereseemsto be no strongbasiaforlimeadditionin

the grindingstagebecauseof thepossibledeleteriouseffecton roughersulphide

recovery.

In bulkfloatsincorporatingan oxiderougherfloatit has beenfound

necessaryto retainsucha stepin the operationsif maximumsulphidecopper

recoveryis to be maintained.Fromthe resultsobtainedin the regrindand

reflotationtests, it is obviousthatan oxideconcentratestepis notnecessary.

Becauseso called'oxidecopper,in thisoreis predominantlyin silicateform,

it wouldnotbe beneficialto floatoff


reasonthatin normalpyrometallurgical

a 'silicateoxideconcentratetforthe


operationsthebulk of the feedto.the

reverberatoryfurnaceis sulphidein nature. Mostlossesoccurintothe slag

eitheras metalinclusionsor in theformationof non-reduciblesilicatecopper

complexesof the typethatwouldalreadyexistin the oxideconcentrate.If an

ore containseconomicallyextractableamountsof oxide,the commonesttypeof

flowsheetwouldsimplyinvolvethe productionof a highgradesulphidecopper

concentratefor smeltinganda low gradeoxideconcentratefor acidleaching.

It is worthwhilepointingoutat thisstagethatthe sponsorsrequirements

wereoriginallybasedon an orewitha copperheadgradeof 0.8-0.9%whichis

fairlylow and thatthe resultsthatare describedin thisreportarebasedon the

evenlowerfigureof 0.4%sulphidecopper. It is to te expectedthatunder

normalcircumstancesi.e.moreamenablemineralogy,thata highergradefeedwould

leadto easieraccomplishmentofhigherconcentrategradesand recoveries.

AdditionalInformation

BondGrindabilittest

Thiswas doneon a representativesampleof theRepparfjordheadoreat

390 microns.

TheWork Indexfigurewas 14.31kwh/shortton.
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