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Vedlagt følgebrev som peker på at behandlingen av denne type malm har vært vanskeligere enn ventet.

En av konklusjonene er at den beste behandlingen av grafittmalmen er bulkflotasjon i kalkbasisk miljø med pH 11

Beste test ga 20,1% Cu i kons ved et utbytte på 64% Cu. Grafittkonc holdt 2.05% Cu. En regner med at ytterligere

rensing av dette konc vil gi mye høyere utvinning og gehalt i Cu-konc.

i Malmen av felstype oppførte seg fint til denne type behandling. En oppnådde 26% Cu i konc og 92,5% utvinning.

i ,den valgte behandlingstypen var tilpasset begge malmtyper fordi det ble antatt at typene kom til å bli brudtt
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AmenabilityTesting of Bidjovagneore -
ra'hiticshalet be

Lnclosedherewith is a copy of our rer,ortdescribing
the amenabilitytesting of this ore, A second copy haa

been forwardedunder separatecover.

The treatmentof this ore has proved more difficult
tiudiexpected,particularlysince it is probablethat it
will be treated admixedwiuh the simpler Fels type ore.
Much test work remainsto be done, but it is hoped that
this reportwill provide a basisfor the ultimate treatment
method to be employed.

The detailsof the bulk of the test work and results
have not been includedin this report but can be forwarded
t, you if required.

e will be pleased to have your commentson this re-
port in due course and should you requireany adeational
informationor clarificationof any part of this document,
pease do not hesItateto contactus.

Yours sincerely,

J-7
(

D. J. CTTLEY.



INTRODUCTION

,A 10 Kg, samPle,ofore markedl"KautokeinoKobberfelter-.
Ridjoyaggeare - ,Graphiticshaletype!was receivedon Junilst
1961fer amanabilitytestingin.accordahcemith:theinstructions
ofyMt.-,,Xngvaldeens weightof thel!elPHtne,,,orewas
aiaa'regelved-ferhathl,nitialendCOMparatiVeteat-Purpoees'.. r!

'Thia reportcontains'thepertinentresultsand'principal
conclusionseånasit-eneof thistestworkand suggestionsfor

- the furthertestingof this

'SUMblkitiAWD CW4CLUS,TON8

lj The bestmethodfor the treatmentof the graphitioshaleore
•was foundto be bulkflotation-ofthe grephiteand copperminerals
at a of aboUt11.0,usingpotaasiumamylxantheteand PiPik
oil. ,Grindingto535%minus100 Meah in the preseftee-bf:-

limewas necessaty. The ehalcopyriteWas separatedframthe-»
graphite'bytreatment with sodiumsulphideat a pH of about11.0
whereinthe copperminetalswere depreasedand the graphit&
flo&ted..offin the froth. The full resultsof thiatestare

ehOwn:onpages2 t.L,

In thebesttest, the copperconcentrateassayed20,1%Cu which
representedå recoyerydf. 64% gopPer. The graphiteconcentrate
contained2.05%'Cuand,23%of tehecoppercontentof the ore, By

furthercleaningof.thin1atterconcenttateand the Ooppercon-
genttates muchiligherreCaVeryand gradeof coPperconcentrate
couldbe achieved: A 25% Cu concentratedontaining90% of the. '
-coppershouldbe possible,onceoptimumconditions.haveteen
found.incontinuousoperations. An outlineof furthertestwOrk

.requiredto confirmthis is givenon pages 1,.?&5 dfthis repart.

The FelaZypeore respondedwell to thissamemethodof treat-
ment and gavea 26% Cu concentrateand a recoveryof 92.5%cOpper.
Detailsof thisLestare givenon pages cr^d b The methodof

treatmentselectedfOrtht graphiticOre had to.beapplicablealso.
tO the,Felstypeore, sincereportedlyit is unlikelythatthe two
ores couldbe minedand treatedSeparately.Thiefactorwas a.

, majorconsiderationin thistestwork.

H4) A totaiof 15 batchtestawere conductedon the graphitio'Shale
ore and 4 testwith the Felstypeore. In additiongrindingtesta
'screenanalysts,specificgravitydeterminations,mineralogicaIand
microscopieexaminationsof the oresand testproductswere made.
Theseaspectsand the othertestsare summarisedon pages
Fullerdetallsof thesetestscan be providediata laterdateshould
theybe required.

5) A headeaMpleof the graphlticshaleore assayed:3,03%Cu,32-
grams#Metricton Agl1.4 grains/m.::tonAu and 17.9%garbøn
(graphitic). The Fels typeore assayed1.93%Cu, 1.4 grams/M,ton
Ag and 9.76 gtams/m. ton Au-. The yoldand silvermouldprobably

' teportwith theehalcopyritebut thishas not been:confirmedyet.

-6}Generaltestdatal conditionsand notesrelatingto thetest
wark and the resultsobtainedare giVenln appendicesA and B.

London,8th JuLY,1961.
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KAUTUKEINOKORBERFELTEkt- BIDJ0VAGGEOEE

BEST TESTRESULTSAND CUNDITIONS-

T-1 -'Gra itiCore:

-.Batchgrindingof the samplein the presence_ofburntlimewas
foUowed by bUlk:flotationof the•chilcopyrite.andgrephite-withstage
adcations-of potaesiumaMyl.Xenthateand pine-Oil. -Thebulk con-
centrateWas retreatedin tliesameflotatIoncellusingsodiUm'aulphide
at an elevatedtpill(withlime) to effectdepressionOf the copper
eineral.:

Metallu iCatReeult .

JULT 1961

PRODUCT

tulk rougher,)C1nr.frot
'Iclftr.taila

Bulk scavengerconc.

Bulk flotationtailing

Calculatedhead

Measuredhead




% WEIGHT % COPPER, % DISTRIBUTION;

-- "a":"6nr;
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00.0
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100.0'
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t additons:and'Tretmen con itions.
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KAUTUKEIN0KObBERFELTEA- BIDJOVAGGE-ORE

BESTTESTRESULTSAND CONDITIONS_

TEST -FEL3TYPEOME:

Tne ore samplewas batchgroundwith burntlim ad4edto the
mill and the pulp subjectedto flotationtiaatmentunder.essential4
the sameconditionsa$ thosereportedin Test13 for the.grephitic
shaleore. An unsuCcessfulattemptto depressthe thaIeopyrite,,
whiOhfloatsreadilywith frotherOnly,usingreagent610sad
sodiumsilicatewas not thoughtto haveany effecton the:subsequen
flotation. Stageadditionof potassiumamyl xanthateand frother

gavea highgradeconcentrateand copperrenoverywithoutany
cleaning. Depressionof the chalcopyritefromtherougherconcen-
centrateat a pH of 11.1 nsingsodiumsulphidewas mosteffective.
and onlya minorquafltityof slimedmaterialfloated. The prodnet.
fromthe sodiumsulphidetreatmentwerenot assaYedseparetely,

Metalluricalreeuts.

PRODUCT % WEIGHT .%COPPER, % DISTRIBUTION''

Rougherconcentrate 7.2 2 .10 92.5

Scavengerconcentrate: 3.8 1.90 3.5 ,

Tailing .189.0 0 


_Calculatedhead 100.0 2,03 100,0

Measuredhead 1.93

Rea ent additionsand TreatMentconditios:

SOD. Lpn'
STAGE LIME 610 SILIC MIDC P„.0, ICA.X.SULPH, STAET,END

Mill 2.5
Grin 10

Rghr,flotation - 0.05 025 0.05 :0.018 11.1 9.9-
± Cond. 5 1/2 1

flotn, 1/2' 2

SOD.

Scavngr.flotn.
cond.
flotn.

401e,

	

0..05 0.018 9.9 —
, 1/2 1

2

Cleanerflotn. 1.25
oond, 3
floth.,

.3 75
.5
3,,
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Test4F-Felstypeore(cont).

Commentson test:

Chalcopyritefloatswith the additionof frotheronly. The aditionof reagent610 had no effectin thistestbut in previoustestunderdifferenttonditionsthe sameadditionof 610 did successfullyinhibitthe flotationof chalcopyriteunlesscollectorwas added.The frothwas of excellentqualitythroughoutthe test. Potassiumamylxanthatewas stageaddedin two incrementsof 0.009Kg/M.toninboththe roughingand scavengingstages. The coppermineralfloatequicklyand cleanlyat the high tpHtand no cleaningwas neededtogive a highgradeconcentrate.

The 10 Minutegrindgavea much finerProductthanthe 13.5 min #grindgiventhe graphiticore,as seenin the screenanalysisdatabelow,comparedwith thoseshownon Page4.

The Felsore respondedverywell to treatmentuniersimilarconditionsto'thotefoundsuitablefor the graphiticore. Concentrategradeand recoverywere clearlymuchhigherfor the Felsore though.
The concentrategradeand recoverywere superiOrto thoseob-tainedin two earliertestsusingethylxanthateand the samegrindor ethylxanthateand a finergrind,at a naturaltpHt(7.4-7.6).Grindingin limeappearedto improvethe flotationof chalcopyritea:improveselectivity. The depressionstage usingsodiumsulphide

was carriedout in the sameflotationcellat a low pulpdensity.
Screenanal sesof Mill Feedand Flotationtailin - Test

Mesb
BSS


Plus7

Microns

Nominal

2810

Percentageweightretained
Mill Feed Tailing

0.3

10 1670 9.3




14 1200 24.4




'1$ $50 24.6




25 600 12.9




36 420 6.9 •••

52 300 4.9




722 211 3.1




• 100 152 2.3 1.3

150 105 1.9 6.2

200 76 1.4 16.1

nus 200




8.o 76.3

Total




100.0 I 100.0
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SVGG£STIUNSFOltFURTHEAUST WORK:

Gra hite slime:

Slimegraphitegave Considerabledifficultiesin boththe bulk
and cleaningstagesof flotationand causedmechanicalholdup of
coppermineralas,wellae exCeesivereagentconsumption‘largely
becauseef the voluninoueand toughfrOthdt caused. The fine
graphitefloatedteaddlyandwith low coppercontentusingfrother

'

Only (MIBC)wlth the graphdteore but thiswas not satisfactOry
sincesomeof the copperin the felsore floatsreadilywith just
ffrother. The additionof depressantsfor graphitewere not at all

effectivewiththe copperof the Felsore,in the quantitiesused.
Therewas an indicationthatthesereagentswere causingsone
depressionor sluggishnessto flotationof the finecalcophritein
bothores, Deslimingof the grourdore priorto flotation
glasscyclonewas not effectivesincethe 9.4%of the ote so

- reMovedéssayed2.24%Cu, a copperlossof 7%, Eventhm much
of the finegraphiteremainddbehind. Furthertests:totemove,

or depressthe slimegraphitewouldsimplifyand improvethe
separationof coppermineraland graphite. Clasaification,

alutriationor someformof gravityconcentrationwouldlook
attractive. Ttvesamemethodmightalsoprovesuitablefor re-
movingthe coarsergraphiteand graphitequartzpirticlesfromthe
bulk rOugheror firatcleanerconcentrate. •heapecificgravity
differencebetweengtaphite(2.3)and chalcopyrdte(4.1?)is
sufficientto indicatethata good separationmightbe possible.

Bulk flotationtreatment.

The varioustestscarriedout for the purposeof depressing
the graphitsand floatingonlythe coppermineralwereunsuccess-
ful sincetherewas a tendencyto depressfinecoppermineral
Particlesand“notto depressthe finegraphite,às mentionedpre-

- viously.'

Severaltestscarriedout usingpotassiumethylxanthatd
undervariOueconditions,resulted.inhightailing.lossesin the
bulk rougherstage. Concentrategtadesware alsolowerwhich
indicatedpoorselectivityalso. An examinationof tailings
screenfractionsfromtwo of thesetesteshowedthat the larger
.partof the chalCopyritewas free and orminus 10C plus.150mesh
size.: Grindingwith limeandusingpotassiumamyl xanthateat
a hightpHtgavegoodrecoveriesand better6oncentrategrades.
The use of amylxanthate,hawever,resultedin peorerdepression
of the coppermineralin the cleanerstage. It is suggested


- that sodiuniisopropylxanthatebe triedandotherxanthatesas
well. The optinumtpHtin the bulk flotationstageShouldbe
establishedand alsowhetherlimesodaash or causticis.thebest
tpHtregulator. The effectsof sodiumsilicate,sodiumcyanide
and sodiumcatbonateon theresultscouldalsobe •nvestigated,

CleanerflotatLontreatmeAt:

With or withoutprlorremovalof the slimpgraphite,the
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optimumconditionsfor Cu depressionusingsodium.sulphide
shOuldbe established. Laberatory-cleanertestswere cenducted
in Very ailutapulps (lOrsOlidS,orless)uSingapproximately.
1 gram per litreof solutionof Na2S.9H20,a tpHtof 11.1using
lima,and a conditioningtimeof 5 minutes. Conditioningat
a high pulpdensity,followedby dilutionShouldgivemare.
efficientdepressionand a lower-reagentgonsumptibn. Lime
as the tplitregulatorshouldbe comparedmith sodiUmearbonate
and otherregulators.

Optimum£lotationtimesan4 the,:influenceof one or more
stagesof recleaningof.,boththegwaphitefloatand the copper
richtailingWouldalstrrequirestudy.

OthermUlphideminetaldepressantsshouldhe testedto -
astablishthe.moat suitablefroMeConomicand matallurgical
cansideratienZ.Iftbludedhere'WouidbediehreMateisodiumcyanide
and-lime,orsadiumhydrogen.sulphide.- -

• Cyclicand laterpilotscaletestswouldindicatethe-influence
of recirculatefliddlingsin,boththe_flotationcircuitson,the
metallurgicalrepuIts.as well as-teproVideusefuloperational
and-economicdata. The effect6f recirculatingsuIphide-solutions
wouldelso be studiedhere.

Grinding:

In View of the very softand friablenatureof the graphite
and to a lesser:extentthe chalcopyrite,comparedwith the gangue
and the hardgråphite-quartzgrains two stagegrindingwould
appearto be the mostlogical. The size of the plantwould

decidewhetherthisis an eccinoticproposition. A significant
percehtageof the ehalcopyriteis freeat a coareemesh (52meSh)
ande coarseprimatygrindin a todmill in elosedcircuitwith
a DSM sievebend followedby flotationappearsattractive. Tke
flotationtailingswouldpassto å sedondaryballmilI circuit
viå a hydrocyclone. The secondarymilllmouldfunctionin closed

-clregitwiththe cycloneand the groundproduct(minus100 mesb)
would be subjectedto a second flotationtreatment. There are
otherpossiblegrindingcircuitswhichmight#roveequally
attractiva.'

A sketchof a possibIetwo-stagegrindingand flotatiem
eirchitwhichmightbe testedin the pilotplantis shawnon
a separatesheet. In any event,the optimumgrindfor the

treatmentof eitherof-theseoresor a mixtureof_the
wmuldhaveto be established.

General:

Water.:The finaltreatmentmethodand floWsheetshould
be conTTFEXdusingwatertakenfromsourcepto be used in the .
plant. Londontapwaterwas used in åll testsreportedhere,

whichis highin carbonatesand bi-carbonatesbf calcium-and-
magnesium.-

Ore Mixtures: The Felsore wouldappearto haVe a grinda-
bilityo a out f to three-quartersthatof the graphiticore
and hencethe grindingequipment.shouldbe selectedto ensure
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thatit is suitableand adequateforwhatevermixtureof the two
oresis to be treated.

Shouldit provepoiSibleto minethe two ores separately,
better,simplerbut differenttreatmentmethodsand circuits
couldbe developed.foreachore and superiormetallurgythus
securedat lawercoats. Clearly,testsshouldbe run on

suitablemixturesof the two ore typesin boththe laboratory
.andpilotplantshouldthe segregationof the oresbe uneconomi-
cal or impractical.

Goldand Silver: Indicationsare thatthe small amountof
goldan s yer are.containedwithinthe chalcopyritebut this has
not yet been confirmed. Superpanning,microscopicexamination
and assaysof test productswould establishthe distributionof
the precioustetal.,

Flotationcells: Sizedegradationand slimingof the
graphitecon inues uringconditioningand flotationtreatmentof
the ore to the appårentdetrimentof the process. It is felt
that the use of pneumaticcellsshouldbe consideredprovidedthei
performanceis comparableto that obtainedusingmechanicalcells.

SUe4i4A.R.YUF TIsSTWORK:

A totalof twentythreeflotationtestswere conducted,
nineteenon the graphiticore and fourwith the Felstypeore.
Grindingtests screenanalysesof crushedand.groundore and
flotationprodUcts,specificgravitydeterminations,qualitative
and quantitativemineralogical-microscopicexaminationswere also
carriedout.

Gra hiticshaleor tests:

Batchor stagegrindingof samplesto differentdegrees
of finenessfollowedby flotationtreatmentuniera wide variety
of conditions were conducted. Initially,a frother alonewas
used,stageaddedto effect selective flotation of the grephite
follawedby flotationof the copperMineralwith potassiumethyl
xanthate. Thesetestswere run at one of a numberof different

levelsof IpHt. LittlesuccesSwas achievedin removingthe
graphiteselectivelyfrom the coppermineralor subsequentlyin
obtaininga good recoveryof copper. The additionof graphite
depressantasuchas reagent610,helpedto reducethe coppercon-
tentof the graphiteconeentrate. Theuse of pure alcoholsin
placeof Dawfroth250 or pineoil alsoreducedthe coppercontent
of the graphiteconcentrate.Reagent610was alsotestedfor the
purposeof depressingthe graphitefromthe bulk concentratebut
thiswas equallyunsuccessful. A 14% copper concentrate,re-
presentinga recoveryof 75% of the copperwas the best result
obtainedin this seriesof testelwith 27.5%of the initia1weight
of the ore reporting.inthegraphiteconcentratewhichassayed
0.32%Cu. Tailingswere rarelybelow1% Cu wherepotassiumethyl
xanthatewas used. The coppermineralin the tailingsin all
suchcaseswas free and of flotationsizebut perhapssomegrains
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were Slightlytranished.

Stagegrindingwas foundto reduce the proportionof
slimes,particularlythoseof c graphitebut had little
apparentinfluenceon the metallurgy. A comparisonof thesizeanalyseeof batchand stagegroundtailingsare shownon
Page 4

Latertestsemployedamylxanthateas collectorafter
batchor stagegrindingwith lime,for the balkflotationof
the graphiteandchalcopYtite. Thisphaseof the testwas

followedby treatmentof the bulk condentrateuniervarious
conditionsusingsodiumsulphideto separatethe copPerand gra-

, phite. A bulk concentratecontaining6 - 7% copper,the re-
mainderbeingslimegraphite,coarsegraphiteorlocked graphite-
quartz-PartiClesWas prOducedconsietently-,givinga 87 - 90%
recovery-andstailing as low as 0.25%Cui. Therewas little

pytitein this concentratewhen a high tpHtwas used(11.0) and
onlya smallmiddlingproductwas obtainedcontainingappreciable
amoåntsof pyrite.

Thesebulkconcentratesaftertreatmehtwith sodiumsul.
phidest a high lpHtyieldedOn one cleaningat bestal,20%Cu
'concentratewhichrepresenteda modest64% c.apperrecovery. No
recleaningof eitherthe graphiteor copperconcentratewas
ptactisedbat thisshouldimproveboth recoveryand concentrate
grade. Sodiumcyanideand limewere usedin one test to depressthe coppermineralbut were not particularlymecessful, Måny
furtherteetswere plannedalongtheselinesjbuttime and lack
of samplewere limitingfactors.

Felst e ore tests:

The firsttest showedthatthe orewas much less complex•
andless refractorythan the graphitSore and.alsoverymuchsofter. At a tpHtof 8.1 andusingonlyfrother(MIHC),91%

of the coppermineralwas floatedlargelyas a 22% Cu concen-

' trfle (87%recovery)and at a middlingproductassaying6.7%
copperand representing4.4%of the coppercoatent_ofthe onD.
Theadditienof a few dropsof ethylxanthateimprovedthe
recoverya further3% givinga concentrateassaying6.9%Cu.
The grinflas 98%minus200mesh comparedwith 81%minus200
mesh for the graphiteore groundfor the sametime (20minutes).
The abovetestwas repeatedwith comparableresultsat a coarser
grind (15minutesand S4%minus200 mesh)at a highertpHtwith
lime.(10.4).

Sincethe chalcopyritefloatedso readilyand sineeit
was desirablein the treatmentof the graphlteore to temovethe
slimeand very finegraphitefirst,attemptsWeremade in Test3F
to depreesthe coppermineralwith reagent610 so thatit would
not floatwith frotheralone. Depressionof the copperwas
achievedusing-0.125Kg. perM.tonof reagent610 and sodium
siliCate. On additionof ethylxanthate,the chalcopyrite

floatedbut sluggishlyand the recoveryof copperwas poorer
(24.8%Cu concentratebut only71.5%recovery)'.
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1n Test 4F the ore was batch ground with 1ime to a•
coarser size (10 minutes - 76% minusH 200 mesh) and reagent
610 added to depress the coppermineralas in Test 3F.
This was not in any way successfUl since some of the coppEr
mineral floated with just the addition of frother. The

bu1k of the copper floated after the stage addition of
potassium emyl xanthate. Concentrate grade (26% Cu) and
recovery 92.5% Cu were the best achieved and of course
vastly superior to those obtained from the treatment of the
graphitic ore ultder similar conditions. On the basis of

Tests 3 'and4 the bulk flotation of graphite and copper was
decided to be the most flexible, although clearly, better
metallurgy would be obtainod by the separate treatment of
the tWo ore typee'under quite di st inc t cord itions rather
than by Using a ccapromise method not reafly the best for
eithet ore.
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AP1-SNDIXA

GE~AL sUSTDATAOONDITIONSAN NOTES

All grindingand flotationtestswere carriedout usingthe equip-mentand conditionsoutlinedbelowunlessotherwisereported.
Sam le wei t: 400 grams- aftercrushingonly.
Samplesize: 90 - 95% minus10 mesh (seedetailedsheets)
ab.mill size:15 cm. diameterand 30 cm. long- mild steelrodmill.

Rod charge: Approx.6,800gramstotalweight- consistingaf thredrodsof eachsizel", 3/4",1/2"and 3/8" - mild steel.
Millspeed: 80 r.p.m.

Mill Ul densit: 50% solide- 400 ml. water.
Wateruseds Londontapwater- temperatura18 - 20° C.
FlotationceIlused: Fagergrenstandardbatchcellwith Pyrexbowl-2 litresvolumeto normaloperatinglevelofpulp.

Cell densit Initially17 - 18% solids,by weight.
Rea ent additions:are reportedin Kilograms/metricton.
Mesh sizes:are all of the BritishStandardSeries.
Grindin time:

Conditionin

reportedundermill in Vest conditionsin minutes(Grind).

ima: reportedinminutesuniertest ecalitionsbelowthe appropriatereagent(conll

Flotationtime:reportedunderthe lastreagentaddedbefore'flota-tion,in minUtesor fractionsof minutes(flotti.)
All testresults,conclusionsand recommendationsare basedon testscarriedout on the samplesas receivedfromNorway.
S eolfic ravities:Felsore sample- 2.73approx.

Graphiticora sample- 2.66approx.
Samole re aration:Sampleswere preparedfor testingby stagecrushingof the minus1" ore samplereceived, Afterrifflingand coning-andquarteringof the samplesdownto

400 gramS.the pampleswere storedin glassbottlesittedWith-sereWcapsuntilrequiredfor testing,



AppendixA (cont) - 13

Assays: Head samplesof bothoresand printipaltestproducts
were assayedby AlfredH. Knightof Liverpool, All
otherassayswere conductedin the BessemerLaboratory

•of the RoyalSchoolof Mines,

Testwork:Mineralogicaland microscopicexamihation,ofthe otes
ani testproductswere carriedout'byMr. M.P.-Jones.
All grindingand flotationtestwork,streenanalyses
,andsample,preparationwere conductedby Mr4 AMOttley.

AppENDIXB.


ABBREUIATIONSUSED IN TES SHEETS

KAX Potassiumamylxanthats

MIBC - MethylIso-butylcarbinol(frother70-AmericanCytinamid
Co.)

P.O.- PineOil.

610 ....-rieagent610 (AlltericalCyanamidCo.)

Sod.Silic- SodihmSilicate.

Sod.Sulph- SodiumSulphideexpressedin termsof the crystals
(Na25e9H20).

B. Lime- Burntlime calcium

Theseabbreviationsareused in reportingthe reagentconsump-
tionsand conditionsemployedin Tets13 (Graphiticore)aid
Test4F (Felsore).
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A Possible outi.ine fleweheet ror tige two etage grinding and Bulk•flotation treatment ef *the g‘itphitit -shale type ere.-

Primary grinding circuit • Secondary grinding
-circuit.
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MINING& MINERALTEGRNOLOGYDEPT.

22ndAugust,1961.

K. Ingvaldsen,Esq.,
KautokeinoKobberfelter,
Gverresgt. 4.,
TRONDHEIM,
Aorway.

DearAr. Ingvaldsen,

Enclosedherewithis an Appendixto our iideport
givingresultsand treatmentconditionsof all other
testacarriedout on samplesof Bidjovaggeore. A
secondcopyhas been sentunderseparatecover,,

We wouldappreciateany commentsyou may wish
to make in due course.

Yourssincerely,

D J OTTLEY.
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APPENDIXC


RESULTS AND TREATMENTCONDITIONS- ALL OTHER TESTS

KAUTOKEINOKOBBERFELTER- BIDJOVAGGEGRAPHITICORE

Tests are reportedin the order in which they were
conducted.

TEST1.


Summa : Batch grindingin a rod mill for 20 minutes
at solidswithout reagentswas followedby incre-




mental flotationof the graphiteby drop-wiseadditions
of pine oil only. After raising the lp111to 10.5 using

burnt lime, attemptswere made to float the chalcopyrite
selectivelyfrom pyrite by stage additionsof potassium
ethyl xanthate.

Aetallur ical results:

Product %wt.




Assay
% Cu

Cu
% Distributiorl!

)




0.63 2.2Graphite cone 1 11.1
" 2
n 3

12.3

17.9

)

) 45.4

0.62

1.96

2.4
11.3

" 4 4.1 )




9.10 12.0
Sulphide cdnc.1 6.5 )




14.90 31.2
" 2 11.2 ) 22.5 8.50 30.5

fl n 3 4.8 )




1.12 1.7
Final Tailing 32.1




0.84 8.7

CalculatedHead 100.0




3.12 100.0

Measured Head





3.03




Comments: A voluminousfroth resultedin the first two
stages of the graphite flotation. These productscon-




sisted almost entirelyof very fine free graphitewith
a little slimed free sulphideminerals. Coarsergraphite,

some locked with quartz and a little locked with sulphides,
was floated in graphite concentrate3.

1

1



An abundanceof fine and coarse free chalcopyrite
with some pyritewas found in graphite concentrate4
as well as both coarse locked and free graphite. The

first sulphideconcentratecontainedappreciablequan-
tities of coarse graphite,some fine graphiteand a
significantamount of graphite - gangue particles.
There was very little pyrite present. The second and

third sulphideconcentratesstill containedsignificant
amounts of locked graphite - quartz particlesand in-
creasingamounts of pyrite.

The tailing was largely clean gangue with some
locked graphite- gangue particlesand several free
coarse chalcopyritegrains. The grind was in excess
of that considerednecessaryfor economicliberationof
the sulphides.

Iteaent additionsand tr atment conditions:

•

•




P.O.

-

0.5
2

2

0.25
1

KEX

-
-
-
-
-

0.05
3
4




Stage

Mill
Grind

Graphite float
Cond.
Flotn

Sulphide float
Cond.
Flotn.

Lime

-
20
-

-

-

1.25
4
-

PH
Start

-


-
8.2
-
-

10.5

End

-


8:2


92:

The four graphite concentrates were floated each for
half a minute after the additionof 0.125 Kg./tonof
pine oil (halfminute conditioningfor each stage).
The sulphideconcentrateswere floated for 1, 1.5 and
1.5 minutes respectivelyafter the stage additionof
0.016 Kg./tonof xanthate. Pine oil was added before

sulphidefloats 2 and 3.



KAUTOKINO KOBBERFELTER- BINLVAGGE GRAPHITICORE

TEST 2.

Summary: Batch grinding in a rod mill as in Test 1 was
followedby the flotationof the graphite in three stages
using methyl isobutyl carbinol,after conditioningwith
sodiumalicate. The selectiveflotationof chalcopyrite
was attemptedas before on the graphite float tailing at a
, pH, of 11.4.again by stage additionsof potas,iumethyl
xanthate.

Metallur ical




results:

% wt.

1 -E
)45.9j
)




I

I'
Product

Assay
» Cu

0.29
0.36

i 1.90
13.50

. 14.40
1 2.50
I 0.56

,

2.64

3.03

u
% Distribution

Graphite conc.

Sulphideconc

Tailing

iCalculatedheadI

1
2
3
1
2
3

1k..0

13.5
14.4
9•1
5.1
3.4
40.5

10C.0

176

1.8
10.4

46.6
27.8
3.2
8.6

106.0

•••

)
)

)

1

i

i
74.4




IMeasuredhead




Comments: Resultswere similarto Test 1 but less sulphide
TreTZFW in the first two graphit, concentratesdue pro-
bably to the more brittlefrother used and its louer
collectingproperties. The sodium silicatemight also
have contributedto this. A s1ightlylonger flotation
time was necessaryduring the graphiteflotation. The
selectivityand recoveryof copper in the sulphideflotation
stage was essentiallythe s.smeas in Test 1. The cal-
culated head assay w-s low indicatingyossibly,poor
samplingor sample preparationwith the re;illardistribu-
tion of the chalcopyritein the ore. Pine oil was used
in the final sulphideflotationbecause of the brittle
froth producedusing MIBC.

A coarsergrind might have removedmany of the
difficultiescaused by slimes and consequentlyimproved
the resultsgenevally. Screen analysis showed 100% minus
100 mesn virtuallyand 81.4% minus 2,,A)mesh BSS.



Rea ent additionsand treatmentconditions:

Stage Lime

21;

2.5 i
5 i
_

:


MIBC

0.3
2.5
5
0.06 1

'

i.O.i

- 1i
- I
- 1i
-
-
0.13
1
-

Sod.
KEI Silic. Start


-

8:0

11.4t

tplIt
End

T-

8:1


8.1


10:9

Mill
Grind

Graphitefloat.!
cond.!
flotn.

dulphidefloat.{
cond.
flotn. 

-

-

-
-

0.05
3
4.5

-

1.0
10
-

MIBCand xanthatewere addedin equalincrementsat
each stageof the graphiteand sulphideflotation.

Screenanalsis - flotationti1in:

Imesh B.s.S. % wt. Cum.> wt.

Ylus 52 u.1 0.1
72 0.3 0.4
100 1.0 1.4
150 3.8 5.2
200 13.6 18.6

- 200 81.4 100.0

Total 100.0

-

'



KAUTOKEINOKOBBERFELTER- BIDJOVAGGE/FELSTYIS1ORE

TEST1F FelsOre .

Summary: A sampleof the Felstypeore was treatedunder
essentiallythe sameconditionsas wereusedin Test2
with the graphiticore, excer:tthatno collectorwas added
untilthe flotationof concentrate3.

Metalluricalresults:




% wt.
% Cu
Assay




Product
% Distribution

Cu

Copperconc.1 7.9 22.00 87.1
2 1.3 6.70 4.4
3 0.9 6.90 3.1

Tailing 89.9 0.12 5.4

Calculatedhead 100.0 2.00 100.0

Measuredhead




1.93
_J

Comments: The chalcopyritefloatedreadilywith onlythe
additionof frother. Xanthatewas addedonly for scaven-
ginL. Thistestindicatedthatunlessthe chalcopyrite

couldbe readilydepressedin thisorewithoutdetriment
to its late?flotation,thenthe removalof the graphite
priorto the recoveryof the sulphideusingfrotheras a
methodfor treatingthegraphiticore wouldbe unsuitable
sincebothore typeswouldprobablyhaveto be treatedto-
gether.

A screenanalysisof the flotationtailingshowedthe
Felsore to be verymuch softerthanthe graphiticore (98%
minus200 mesh BSS and all minus150 mesh). The grindem-
ployedbere was obviouslymuch too fine.

5



Reaentadditionsandtreatmentconditions:




Lims

20

2.5
5

MIBC

0.3


2.5

 ••

KEX

•


11111.

 •••

0.07
1

_

Start

7.4

11:0

Stage

Mill
Grind

Sulphidefloat.

1 & 2 cond.

flotn.

sulphidefloat

3 cond.

flotn.

Sod.

Silic.

4101.


ale

1.0

HT
End

Extraxanthatewas addedin stage3 but very little
mineralwas floated.

No extrafrotherwas neededin.thistest.



KAUTOKEINOKOBURFELTER.1.-IDJ0VAGGE1FELS TYPE/ ORE

TEST 2? Fels Ore .

Summary: Similarto Test 1F except that a coarsergrind
was employedand a higher lpHI. Unsuccessfulattempts

wewe made to depress the chalcopyritein a cleaningopera-
tion using a /pH/of 11.G and additionsof sodium cyanide.
Productswere not assayed since a visual examinationshowed
them to be similarto Test 1.

eta lur ical results:




Assay




T-- % Distribution
Product.




wt. % Cu Cu

Copper conc. 1 6.o




2 3.0




Tailing 91.0

Calculatedheadi 100.0

Comments: Microscopicexaminationof the concentrates
showed them to be comparablein grade to those from Test 1 F,
with an equivalentor possiblybetter, recovery. The copper

still floated readilywithout the addition of collector.
Virtuallyall copper mineral had floated before the addition
of xanthatewas made. The shortergrind (15 minutes) re-




sulted in a tailing containing2.6% plus 150 mesh size
materialand 92,5% minus 200 mesh BSS, still much finer
than the graphiticthiling ground for 20 minutes.
Cleaningwas carriedout in an 800 ml. beaker cell but the
concentrateswere not collectedseparately.



Rea t additionand atmentconditions:

tritit
Stage Lime NIBC tEl NACN Start End

N111 - - - . .
Grind 15 - - - - -

Copperfloat 1,25 0.15 0.02 10.4 .
cond. 5 1 1 - - .
flotn. 2 1 .9.5

Cleanerfloat 0.2 - - 0.2 11:0 9.5
cond. 5 . . . .
flotn. - . . - e .



KAUTOKEINOKOBERFELTER - BIDJOVAGGEGRAPHITICORE

TEST 3


.iummary:Batch grindingof the ore as in Test 1 was
followedby condipioningwith sodium sulicateand reagent
610 (AmericanCyanamid)at a high 'pH/,in an attempt to
selectivelydepress the graphite. Flotationwas conduc-




ted using stage additionsof frother and a little potassium
ethyl xanthate. The two rougherconcentrateswere re-
treated separatelyafter furtheradditionsof reagent 610
and sodium silicate.




wt.4-4




70 Distribution

Cu
Product




Assay !
% Cu

conc.1) Froth 8.5 ) 11.8 1.34 4.3 ) 8.4
) Tailing 3.3 )




3.30 4.1 )




7.5




) 21.20 59.9 )




R. conc.I Froth 1
Froth 2 5.0




) 17.0 6.00 11.3 ) 73.4
Tailing 4.5




) 1.32 2.2 )




Rougher Tailing 71.2




0.69 18.2




CalculatedHead 100.0




2.66 100.0




I Measured Head





3.03





Comments: The additionof reagent 610 with sodium silicate
was quite effectiveas a depressantfor the coarsergraphite
grains but also appearedto have some inhibitinginfluence
on the flotationof chalcopyrite. The rough concentrate
cleaner froth was virtuallyall slimedgraphite. The
rougher concentrate2 - Froth 1 containeda lot of both
slime and coarse graphiteas well as graphite-quartz
middlinggrains.

Deslimingto remove the fine graphite,a coarser
staLe grind and ti:.euse of other graphite depressants
should be investigated.

9



Reaentadditionsandtreatmentconditionst

Stage Lime

WIP

20

2.5
5




1610'

•••

.10
5

.12
5

-

0.12
5

-

Sod,
Silic.IMISC KEX

tpli*
Start

10.9

8.6
fl

9.0

End

e

7.9

1.0.2
fl

8.6


$.6

Mill
Grind

Rougherflotn,
cond.
flotn.

CleaningR conc.1
cond.
flotn.

CleaningR conc.2
cond.
flotn.

11•11, • fl

.1=1

0.63 0,20 0.05
. 2 2
- - 4
1.25 0,10 -
5 1 -

- 2 -
1.25 0.10 0,04
5 1 2

- 1

Xanthateand frotherwereaddedin equalincrements
for eachof the two roughingstages.

Cleaningof rougherconcentrates1 and 2 was effected
in the sameFagergrencell.

- 10 -
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KAUTOKEINOKOBBERFELTER- BIDJOVAGGEGRAPHITICORE

TEST 4

Summarv: 3 stagegrindingfor 2.1/2,4 and 5.1/2
minutesto a much coarsersizethanwas used previously
was followedby deslimingin a small glass hydrocyclone
in an attempt to selectivelyremove the troublesome
graphite slimes,prior to flotation. After rougher

flotationat a high IpHI (11.6)with ehhyl xanthateand
MIBC an attemptwas made to depress the graphiteas in
Test 3 using reagent610 and sodium silicate.

Metallur ical results:

Stage % wt.

	

) - Froth 1 8.5

	

R. conc) - Froth 2 5.5

	

) - Tailing 6.3

Assay
Cu

11.20
3.g0
0.46




% Distribution

Cu

31.5
6.9
0.9

Roughertailing 70.3 2.31 53.7
Primary slime 9.4 2.24 7.0

Calculatedhead 100.0 3.03 100.0

Measured head




3.03




Comments: Deslimingin the hydrocycloneunder the
conditionsemployedwas not successful,eincesline
graphite remainedin the pulp and copper losses in the
hydrocycloneoverflowwere high.

In both the roughingand the cleaning stages
selectivityand recoveryof copperwere poor. There
were f:appreciableamountsof bothfineand coarsegraphite
in the finalcopperconcentrateand many free grains of
coarse and fine chalcopyritein the roughertailing.

The grind would appear to be perhapsa little too
coarse. A screen analysisof the tailing shown later
gave approximately72% minus 100 mesh and 25% minus 200
mesh.

fl



Rea ent additionsand treatmentconlitions:

Stage Lime
1 Sod.

'610'J Silic. MIBC KEX
-11P

Start End

Mill ; fl
-




Grind 1 12




fl 11•II •




Rougher flotn. 2.5 - - 0.2 0.05 11.6 -

cond.




- - 2 2




flotn.




- 1 -




4 : 11:3

Cleaner flotn.




0.10! 1.0 0.1 0.01 .




cond.




5 1 5 1 1




flotn.




-
i

- 2 1 - 8:6

MIBC and xanthate added in two equal incrementsfor
the rougher flotation. MIBC only was added for the first
cleaningstage, the xanthate being added to producecleaner
concentrate2.

een anal sis - flotationtailin

Mesh BSS

	

Direct Cum %

	

% wt. wt.

Plus 52 0.5 0.5
72 4.0 4.5
100 23.7 28.2
150 33.2 61.4
200 13.3 74.7

Minus 200 25.3 100.0

Total 100,0 fa.




12,



KAUTOKEIN KOBBERFELTER— BIDJOVAGGE IFELSTrrE ORE.

TEST F Fels ore

Summary: A much coarsergrind in the rod mill was
followed by additionsof reagent610 and sodium silicate
which successfullyinhibitedthe flotation;Chalcopyrite
unless a collectorwas added. Flotationwas conducted

at a natural /plitusing potassiumethyl xanthateand MIBC
frother.

Metallur ical results:

Product
Assay I % Distribution

% wt. % Cu Cu

71.5

19.7

8.8

100 .0

.1a

Rougheiconc. 1 5.4 24.8
2 3.2 11.5

Tailing 91.4 0.18

Calculatedhead 100.0 1.87

MeatiUr-cdhead




1.93

Comments: The tailingwas slightlyhigher than in .est 1
which could be attributedto thP coarsergrind, the brittle
froth or some slight depressioneffect of the '6101reagent.
Chalcopyritealso floatsmore 5lowlythan in Test 1. No
chalcopyritefloateduntil xanthatewas added. 2.5 Kg./ton
or sodium sulphideadded to the rougher concentrateshowed
that the chalcopyritecould be effectivelyand almost
completelydepressed. This part of the test was qualitative

only,

-13 -



nt addltioneand treat nt co tione:

Sode 1pm
Stage Llme 11610*S1110,MIBO KEI Start End

MIll
Grind 10

Rougherflotn.1
cond.
flotn. -

Rougherflotna
cond. • -

flotn.

- . . -
.

0.13 1.2 0.1 0.03
5 5 1 1

- . - 2 '
. . - ' 01103
- . - 1

.



1 - 1.5

7.7
8.4

8.4

-14-



KAUTOKEINOKOBBEHFELTER- BIDJOVAGGEGRAPHITICORE

TEST5

Sulmmary:Threestage grinding at 100 mesh as in Test 4
but for 2,1/2, 4.1/2 and 6.1/2minutes,was followedby
conditioningwith reagent16101and sodiumsilicateand
stageflotationof the graphitewithMIBCfrotherat a
IpHtof 8.0 (conc.1). Ethyl xanthate and pine oil were

added and the sulphidesand coarse graphiZe floatedoff
in two separatefractions (conc.2 and 3). Concentrate
2 was treatedwith sodium sulphideto depress thf sulphides
and the graphite floated.

Metallur ical results:

Product

Noligherconc.1

Hougher conc.2 ) froth
) tails.

hougher conc.3

Hougher tailing

Calculatedhead

Measured head

% wt.

19.9

12.7
1.6

7.5

58.3

100.0

-

)

)
14.3

Assay
% Cu

0.56

5.7
21.1

7.7

2.30


3.10


3.03

% Distribution
Cu

3,6

23.4

10.9

18.7


43.4


160.0

-

Comlitents:Sodium sulphidedepressionwas not good unier

the c.,nditionsemployed. heagent'6101appearsto have
a strong inhibitingeffect on the chalcopyrite. A

strongercollectorshould be tested. The grind employed
would appear to be satisfactoryfor the liberationof the
copper mineral. A screen analysisof the roughertailing

gave 7.6% plus 100 mesh and 42.2% minus200 mesh ESS,

,

- 15 -



Aea ent additionsand treatmentconditions:

i Sod.1 , ,Na;S 1 tpHt
Stage Lime t6101ISilic1MIBG IKEIC 9H20 Start, End

	

__ ____±
- 1 - - - - -

- - fl - - . -

	

.13 0.63 0.2 - . 8.0
5 5 2 - -

	

- - st4
- . 8,3

- w0.13 0.05 -
- 1 2 -

- 2.5 - -
- - - 2.5

	

- . -. - 5

	

- 1 -

1.1/2and 1 minuteflotationtimesfor Rougher
concentrates2 and 3 respectively. The xanthatewas
addedas one dose, Fineoil was usedfor this stageof
flotation.

Screenanalsis - Ro her taili :

Mill
Grind g3.5

l(st)
Rougherconc.1 I -

cond. -
float -

Rougherconc2&3 -
cond,
float -

Cleaningconc.2 -
cond. -
float -

Mesh
BSS

Plus72
100
150
200

Minus200

	

Direct Cum.

	

% wt. % wt.

1.4
7.6
43.2
57,8
ioo.o

1.4
6,2
35.6
14.6
42,2

Total 100.0 •••

-, 16 -



KAUTOKEINGKObBEhFELTER- .:IDJOVAGGEGRAPHITICORE

TEST 6

Summary: Stage grindin as in Test 5. Dowfroth250
was added with KIBC in the graphite flotationstages.
The sulphideflotationwas conductedat a higher tp11,
(withlime) using stage additionsof potassiumethyl
xanthate. No cleaningof the concentrateswas attempted.

Metallurical resultst

I

Products % wt.

hougher conc, 1 24.0
2 8.5
3 8,2

Tailing 59.3

Calculatedhead 100.0

Measured head




Assay 1
% Cu




% Distribution
Cu

o.67 5.7
16,2 49.2
8.7 25.3
0.94 19.8

2,81 100.0

3.03

Comments: Dowfroth '250'gave a very poor froth alone
Wir-E3githerwith MIBC more coarse graphitegrains were

floated reeultingin a higher grade copper concentrate.

Tailing losses of copperwere mostly in the 100/150
mesh fraction. These were seen to be presentlargely

as clean free grains (See screen analysesand fraction
assays reportedlater). The sulphidesin the plus 100

mesh tailing fractionswere 50% liberated,below 100 mesh
all sulphideswere essentiallyfree. There were a few

middling sul tide-graphitegrains in the 100/150 mesh
range.

- 17 -



Rea ent additionsand treatmentconditions:

Stage

Mill
Grind

Graphiteflotn.
cond.
flotn.

Sulphideflotn.
cond.
flotn.

Lime

13:5
(st)
-
-

1.8
5

/610#


:

.061
2

fl

ffil•

Sod. DOW
Silic.250 MIBC KE1 Start

fplif

End

INIr


fl

8:1

fl

'10:2

411.1P


fl

0.63
2

4••
lOOP

0.10
1

-

1111•


41.

0.20
2
3

0,05
1

INS

0.05
4
2.5

1=11.

8,2

10.5

Ethyl
two in.the
timeswere

xanthate.wasaddedin threeequalincrements,
concentrate2 flotationstage. Flotation

1.1/2and 1 mlnutesrespectively.

Screenana

Mesh
BSS

s s and f ction

% wt.

assa s - Taili

Assay
% Ou

.

% Distribution

Cu

Plua 52 0,2 ) 0.55 5.5
72 0.9 )




100 7.7 )




150 37.8




1.33 56.7
200 16.3




0.60 11.0
Minus200 37.1




0.64 26.8

Total 100,0




0.89 100.0



KAUTOKEINOKOBBERFELTER- BIDJOVAGGEGRAPHITICORE

ThsT7


Summa : Ratch, single stage grinding for 13.1/2
m nutes was followedby conditioningwith lime and
sodium silicateand stage flotationusing ethyl xanthate
and pine oil. The first rougher concentratecontaining

the graphiteand most of the coppermineral was cleaned
after treatmentwith sodium sulphideat a tolitof 10.2
(sodiumcarbonate),the graphitebeing flow-tedoff in 3
separateconcentrates.

Metallur ical results:

Assay ;.;Distribution
% Cu Cu

%wt.

12.7 )
7.4 ?
6.0 ) 27.1
1.0 )

6.2

66.7

100.0


•

0.90
1.30
17.90
6.00

6.40

1.77

2.92

3.03

4.0
3.2
36.6
2.0

13.6

40,6

1
2
3

Product

conc.

R. conc.1)
) Tailing

hougher conc, 2

hougherteailing

Calculåtedhead

Measured head

Comments: Roughertållingstill high. Since no t610t
reagentwas used this must be attributableto o-ther
causes. Sodium sulphide sepårationnot Very effective

under the conditionsused.

- 19 -



xea ent additionsand treatmentconditions.

Stage

Mill
Grind

Rougherflotn.1
cond.
float

iXougherflotn.2
cond.
float

Cleanerflotn.1
cond.
float

Lime

OND

13

1.8
5

Soct.
Silic.P.O. KEX

0.04
3

2

0.02
2

2

-

Na2CO3

--
-

3.8
5

Na2S

9H20




Start_i

7.7

-


9.8

tplif

End

0.63
5

-

10.20

2.
0.20

2
-

0.20

1
' -
1

--
-

5.0
5
3.

fl
:

_
10,2

8:6

10.4

32).2

Xanthateand pineoil were stageaddedin threeequal
incrementsin the rougher1 stageand in 2 incrementsfor
the'rougher2'flotations.

M AIBCand Dowfroth250 wereused in the cleaningstages
not pineoll. Sodiumcarbonateand sodiumsulphidewere
addedin two incrementsbeforeand afterthe removalof
the firstcleanerconcentrate.
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KAUTOKEINOKUBBERFELTER- BIDJOVAGGEGRA flITEOuE

TEST 8

Summa : Batch, single-stagegrinding for 13.1/2tninutes was followedby flotationof the graphiteat
a natural tpHt using stage additionsof MIBC after
conditi-)ningwith roagent610 and sodium silicate.
After raising the ,pHtto 10.2 with lime and adding a
little sodium cyanide,the copper was floated in two
separate concentratesby stepwiseadditionsof ethyl
xs.nthate. The rougher concentratewas cleanedwith
sodium sulphideat a high tpHt (10.6).

Metallur ical results:

Product

Graphite cone. 1
2

Sulphide conc.1

Sulphide conc.2
Tailings

Calculatedhead

)

)
froth

tails

Wt •

15.7
5.4

	

12.5 )

	

8.1 )
3.2
55.1

100.0

20.6

Assay
% Cu

0.63
0.52
0.81
18.9
8.8
1.54

% Distributioni
Cu 1

3.4
1.0
3.5
52.8
9.9
29.4

100.02.89


3.03Measured head

Comments: The sulphidesfloated sluggishlyand the177TELW—tailingassziywas high. Ethyl xanthatewas
neither selectivenor strong enough to effectively
float the copper mineral. Chalcopyritewas depressed
also by sodium cyanide. A screen analysis oi a
sample of the rougher flotationtailingand fraction
assays arain showed the losses to be largely in the
100/150 mesh size. ;1.croscopicexaminationshowed

this copper to be presentas free gn:ins of chalco-
PYrite. Microscopicexaminationof the cleanertailing (copperconcentrate)showed very little
pyrite to be present. The principalimpurities

were coarse grained graphite,both free and locked
with gangue minerals and slimed graphite.
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usw.nt addi ion snd t estment

I Sod. Na25
Stage ;Lime '6101!SilicAIBC KEX 91120

i•

Na2CO3Start
tplit

End

Mill : - . . fl IND fl 1•

Grind 1 I13.5 : : . . fl • fl




I




I





Graphiteflotni- .0210.63 0.25 ... - - 8.2 .

cond4 - 5 5 2.5 . - - . fl

fLati• e.




fl -




8.0




NaGN Lew2





iulphldeflotn! 1.3 - 0.05 0.100.151 -




1u.2




cond. 5




10 1 3




float -




- 3.5 -




9:5

Cleaner1 I
cond.

-




0.10 - 7.0
5

2.5 I
5

10.6

-

-
I c


float -




1




I10,5

MIBC w,48stageaddedin four.increnentsduring
the grLphitefloat. Ethylxanthatewas stareadded
duringthe aulphideflotation.

S reen 1 s a f a tio assa s h er talln .

Mesh
MSS

Plus52

% wt.




Aseay
% Cu

% Distribution
Cu

.




*t. fl

72 3•5 ) 0.9 7.6
1L0 8.8 )




150 30.1




2.28 46•7
200 14.4




1.97 19.3
Minuz200 43.2




0.90 26.4

Total 100.0




1.47 100.0
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KAUTOKEINOKOBBERFELTER- BIDJOVAGGEGRAFHITIGORE

yEST9


Jummary: Batch grindingin a rod mill for 13.1/2
minuteswas followedhy conditioningwith reagent
16101 and sodium silicate. After further con-




ditioningwith lime (IpRI- 10.3) and a little sodium
cyanide,ethyl xanthateand pine oil were added stage-
wise and the gra:_biteand sulphidefloated in three
separateconcentrates. The second concentratecon-




tainirw:the bulk of the coppermineralswas retreated
usinE sodium sulphideand sodium carbonate (IpHt10.2).
The float fractions (graphite)was recleanedafter
furtheradditionsof sodium sulphideand carbonate
(tPB'9.8).

Aetallurical results:

Product wt.




)


)

Assay
50Cu




Distribution

Cu

3.2 )

66.6 )

Rougherconc. 1 (graphite)


H. conc. 2 cleanertailing

19.8

9.4

0.50

21.95

conc, 2 cleaner froth-conc 21.2 ) ) 0 .89 6.1 )
H. conc. 2 cleaner froth-tail 0.9 ) ) 5.10 1.5 )

Concentrate3 (scavenger) 3.0




7.31 7,1




Primary tailing 45.7




1.05 15.5




Calculatedhead loo.o




3,10 100.0




Measured head





3.03




Comments: Very little coppermineral floateduntil
ZET,77EFhite (mostlyslimes)had been re.~ed and the

quantityof xanthateadded had exceeded 0.04 Kg/ton.

Sodium sulphidedepressionof tte sulphide
mineralswas reasonablyeffectiveand recleaningof
the froth indicatedt:at good recoveryand grade of
copper cowcentrateshould be achievedonce the right
conditionhad been found.
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•

Primarytailingsassaywas.againhigh. The
-copperminerals floated sluggishlyin the hulk roughing
stages. Coarse graphite,both free and lockedwith

gangue, and slime graphite.werethe principalimpurities
present in the copper concentrate. Very little pyrite
was present in this prodact.

hea ent additionsand treatmentconditions.

Stage

Mill
Grind

R.conc.1
cond.
float.

R.conc.2

cond.

float.

R,conc.3
cond.
float.

2 cleaner

cond.

float.

2 recleaner

cond.

float.

Lime

I -

I13.5

1.3
10
-

I•M


dIS

t6101

IS

110,

0,06
5

 ••
 EP

eM.


1001

Sod.
Silic

a

-

0,63
5

_

-
-

.

-

-

-
-

-




Na2S
9H20 Na2003

tpHt
Start End

_ -
- -

7.8
1.5.3
-

- -
-

- -

- -
- -
- -

10,2
-
- 10.2

9.8
-

9:6

NoCN

gle

0.03
10

_

-
-

.

-

-

.

-

.

P.O.

1

KEI

.a

-

.04
2
1.5

.04,
2
3

0,2

1

1

-

-

-

-


-


-

a

0.10
1
-

0.10
1

-

-

-

-

0,10
1
.

-

	

a _

	

- -

	

_ -

	

- -

	

_ -

	

- -

	

- -

	

-
-

	

- -

	

- -

	

- -

31,8 1,3

	

10 10
2 -

2.5 1.3
5 5
1.5

The standardFagergroncell was used for cleaning
the rougher concentrate2 and for recleaningthe lst
cleaner froth.
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KAUTOKEINOKOBBERFELTER- BIDJOVLGGEGRAPHITICORE

TEST10

Summa : Batchgrindingfor 13.1/2minuteswith lime
addedto the millwas followedby bulkflotationof
the graphitecnd sulnhidesusingstageadditionsof
potassiumethylxanthateand pineoil (pR11,2). No
cleaningof the concentrateswas attempted.

Metalluricalresults:

Product 1 % wt.




Assay
% Cu

% Distribution
Cu

Bulkconc.1 38.6 1 6.70 88.0
n 2 12.0




1.42 5.8
Bulktailing 49.4 j 0.37 6.2

Calculatedhead 100.0




2.94 100.0

Measuredhead




3.03




Comments: Grindingin limeappearedto improvetre
recoveryof coppen This couldalsohavebeenex-
plainedpartlyby theomissionof depressantsfrom
the celland by the low gradeof bulkconcentrate
produced.

dea ent additionsand treatmentconditions.





Start

11,2


-
--

lpHt
EndStage Lime

Mill 2.5
Grind 23.5

1Bulkconc.1, -
cond.
float

Bulkconc.21 -
cond.
float -

KEX P.O.

.04
2

.02
1
-

-2 5 -

0.20
2
3
0.10
1

, 2 4:6






KAUTOKEINOKOBBERI.ELTER- BIDJOVAGGEGRAcHITICURE

TEST11

Summ&ry: Identicaltreatmentto thatused in Test10
exceptthata Bessemercellwz:semployedinsteadof the
Fagergr(ncell. This was done to determineprincipally

whe•her the losses of coarse free chalcopyritein the
tailing might, in any way, be attributableto the cell
agitation.

Metallur icalresults:

Product % wt.
Assay
% Cu

% Distribution

Cu

Bulk conc.1 34.8 6.70 80.6
n 2 3.8 2.86 3.8

Bulktailing 61.4 0.74 15.6

Calculatedhead 100.0 2-.90 10 0. 0

Measuredhead




3.03

Comments: hesultswere similarto thoseof Test 10
Wc-c-W-TOrthe highertailing. Thiscell, which gave

more violentagitationthan the Fagergren,tppearedto
be slightlyinferior. The tailing losses of free
coarse grains ol'chalcopyritewere not consideredto be
attributableto the cell.

Rearentadditionsand treatmentconditions.

The sameas thoseusedin Test10.
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KAUTOKEINOKOBEERYELTER- PIDJOVAGGEGRAPHITICORE

TESr12

Summary: Batchgrindinras in Test9 with limewas
followedby flotationof the graphiteusingMIBConly.
The copperminerd was floatedby stageadditionsof
potassiumamylxanthate. The roughersulphidecon-




centratewas cleanedin a smallR.J.M. cellusingsodium
sulphideand linic(pH11.2)insteadof sodiumcarbonate.

Metalluricalresults.




Product % wt.

l

Graphiteconc. i 11.3




Assay
% Cu

0.58

% Distribution
Cu

2.0
h. conc- cleanerfroth13.0 ) . 4.41 17.6

cleanertail 14.4 ) 14.60 64.6
Scavengerconc. 15.7




2.36 11.5
1,11.marytailing 45.6




0.31 4.3

Calculatedhead 100.0 3.25 160.0

Measuredhead




3.03




Comments: Amylxanthateappearedto giveverymuchbetter
resuts than ethylxanthatein the rougherflotationstage
but mighthave partlycausedthe poordepressionof copper
duringcleaningwith sodiumsulphide. Mieroscopicex-
aminationof t.heprimarytailingshowedthe lossesof copper
to be almostentirelyas lockedmineral(withquartzand
graphite). One freegrainof chaleopyriteof avroximately

36 mesh BSSwas seenhowever,whichwas clearlytoo coarse
to floatanyway,
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hea nt additionsand treatmentconditions

Na2S tplit
KAX 91120 Start EndStage Lime 1610 MIBC P,O,

Mill 2.0 - - -
Grtnd 13.5 I - -

Graphitefloat .06 0.40 -
cond.

•

5 1
flotn. - 2

10.5

9.5

	

R.Sulphidefloat 0.5

	

cond. 5

flotn.

Scavengerfloat •• 
cond.

	

flotn. •••


0.2 0,02
1 2


2,5

0.02
2
2

11,2

fl

Sulphidecleaner 1.25
cond. 10
flotn.

0.10 11.1 . -
1 10

	

3 - 11,2

•••

Xanthateadded as two equal incrementsin each
stage. Cleaningwith sodium sulphidewas conductedin
an 800 ml. R.S.M. cell with a metål bowl,
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KAUTOKEINOKOBBERFELTER- BIDJOVAGGEGRAtHITIGORE

TEST14

Summar: Similarto Tests12 and 13 exceptthat0.5 itg/
ton of reageat633was added o the millalongwith lime.
Lulkflotationof the graphiteand coppermineralwas
follawedby cleaningin the samecellusingsodium
sulphideand lime.

.bletalluricalresults:

Products

Bulk rougherconcfroth
tail

29.1)
8.5)

Assay
% Cu

3.8
37.6 18.2

% Distribution

Cu

37.2)
52.3)89.5

Scavengerconcentrate 6.4 1.49 3.2

Primarytailing 56.0 0.39 7.3

Calculatedhead 100.0 2,97 100.0

Measuredhead Ille• 3,03 • •

Comments: Repeatedcleaningof the cleanerfrothand
tailingsshOuldgiveimprovedrecoveryand coper con-
centrategrade. Sulphidedepressionwas however,less

effectivewhereKAXwas used. Flotationof the copper
mineralwas sluggishdue to the additionof reagent633
to the mill.. Thisdepressanthad but littleinfluence
on the finegraphitewhichwas addedwith the intention
of selectivedepressionof the graphite.
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Rea,entadditionsand treatmentconditions.




Lime

2,5
13.5

-




Start
lpHt

End

fl

Stage

Mill
Grind

Bulkflotation

Na7S
633 P.O. KAX 9I-*0

0,5
- Ile fl

- 0,30 .04 -

lee

•••

10,7
cond. - . 1.5 3 —




flotn. — — 3 —




Scavengerflotn.
cond.

c11,75, — 0,10 0,02 - 11,1
5 . 1 2

11.1.


fl

. . 0.5 - . -




MIBC




Cleaner1 1.25 0.2 - 5.0 11.4




cond. 5 - 2 fl

	

flotn. . - 2 . . 11-.2

Potasslumamyl xanthateand pineoll were stage
addedin threeequalincrementsin the bulkflotation
stageand in two equaldosesto the scavenger(one
additionof pineoil only)
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KAUTOKEINOKOBBERFELTER- BIDJOVAGGEGRAPHITICORE

TEST15


Summary: Similarto Test 14 but wilh stage grindingof
the ore on 100 mesh. Lime was added to the mill for

each period of grinding. The bulk concentratewas
cleanedusing sedium sulphideand sodium carbonate
followedby recleaningof the cleanerfroth with
lime and more sodium sulphide.

Aetallur ical results:

Wt

24.8
5.3

8.1


8.6


53.2

I00.0


-

)

)
)

)

38.2




)


)

)




Products

lst cleaner froth-recleaned
II " -tailing

lst cleaner tailing

Scavengerconc.

Primary tailing

Calculatedhead

• Assay
Cu

4.00
17,90

9.40

0.85

0.14

2.85

Distribution
' Cu

94.8
34.8

33.3

26.7

2.6


2.6


100.0

Measured head 3.03




Comments: A vexy high recoveryof cooper was
achieved in the bulk rougher stage (94.8). De-




pressionof the sulphidenineralswith sodium sul-
:)hidenopearedto be less effectivewith sodium
carbonate,added for 'pH, controlthan with lime.
Stage grindingwas no doubt responsiblein Part for
the Improvedbulk recovery.

screen analysisof thc primcry flotation
tailing contz.inedaPproximately12;:4plus 100 mesh
and 39.5%minus 200 mesh BSS. Misroscopicexamina-
tion of the screen fractionsindicatedthat this
grind might be suitablefor economicliberationof
the ore. This clearly could only be established
after considerationof the many economicaspects.
Two stage grindingwith flotationbetween each or
regrindor a middling fractionafter an initial
coarse grind could prove to be economicin practice.
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Rea ent additionsand treatment conditions

Stage Lime
Sod.
Silic

P.O.
Dow
250

MIBC

•••

-

-

-

-

-

0.10

1
2.5

0.1
1
2

KAX

ol4
2

.0011

.01.
0.5

Na2S

91120

II••


OP•

I•

3.75
8

5.0
5

Na2CO3

11•••


Mi•

-

1.25
8
-

-
'

Start
/pfil

End
1

-
10.9
10.2

10.7

10.2

-

11.0

11:5

Mill
Grind

Bulk flotn.

cond.

float.

, Scav. flotn.
cond.
float,

, Cleanerstage

cond.

float.

[Recleanerstage


-1cond.
 float.

x
'3.8 -
13.5(st) -
1
!0.25 0.5
15 5

- -

0,25 -
5 -
- -

0.5
8

1,25
5
-

ii•••

i 0.40
2

1 2.5

0.10
0.5
1

-

-

-

-

-

-

10.4
-

-

-
-

11.1

-

:

•





x 0.5 gm. of lime was added to the mill for each
grinding stage.

Screen Anal ses - rima taill

Mesh Direct % Cum. %
BSS weight weight

Plus 52 0.2




0.2
72 1.3




1.5
100 10.4




11,9
150 30.4




42.3
200 18.2




60.5
Minua 200 39.5

1
100.0

Total 100.0
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