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Copiesof this report describingbench scalegrinding

and flotationtests on two recentcompositesamplesof drill

core from the Espedalendeposit are appended. Concentrategrades

and recoveriesare good consideringthe low grade heads tested.

While no furtherinvestigationsare presentlyin progressit is

reconmendedthat additionaltestworkshouldbe carriedout if

justifiedby the potentialtonnageof the depositto investigate:

The recoverieswhich might be obtainedin plant operations

cannotbe accuratelyestimatedfrom the single cycle lah

tests. Lockedcycle test would providea good indication

of the potentialoverallrecoveryunder plant conditions

becausesuch tests involverecirculationof cleanertailings.

About 16% of the nickel reportedto the cleanertailings

productsin the testwork. Cost of two lockedcycle tests

would be in the order of

Examinationof polishedsectionsof final tailingmight

providedata to permit highernickel recoveriesby

modifyingflotationand/or grindingtechniquesto enhance

recovery. Cost of such an investigationshouldnot exceed

$1,000.

From data providedby W.B.G.Walker two compositesanples

were preparedat Lakefieldfrom the drill core samplesreceived.

One was designatedthe high grade compositesample and assayed

0.91% Ni, 0.29% Cu and 4.30% S. The other was calledthe low

grade compositesample and assayed0.58%Ni, 0.24% Cu and 2.79% S.

A totalof eight tests was carriedout on the high grade

sample. Test 1/13was the best of these and produceda cleaned

concentrateassaying15.0%Ni and 5.27% Cu at 70.3%Ni and 76.8%

Cu recoveries. The combinedcleanertailingcontained16.3%of

the nickel. A significantproportionof this nickel shouldbe

recoverableat the 15% grade in plant operationsbecausethese

tailingswould be recirculated. Lockedcycle lab testswould be

necessaryto indicatethe probableoverallnickel recovery

obtainablewhich shouldbe in the rangeof 75 - 79%. Additional

copper recoverywould also be obtained. The roughertailingloss

was 13.4% of the nickel in the mill heads. It shouldbe possible

to decreasethis loss. Mineralogicalexaminationof this tailing
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can be carriedout to determinethe nature of the loss if further

I .
investigationsare authorized.

A totalof five testswas performedon the lcm grade
sample. Tests # 14 and 16 were the best tests in this serieswith

the best concentrategrade being producedin test # 14. In this
test a cleanedconcentrateassaying9.73ZNi and 4.96% Cu at 52.3%
Wi and 70.9% Cu recoverieswas produced. The cleanertailingcontained

15.4%of the nickel. Again lockedcycle testswould be necessaryto
providedata regardingthe probableoverallnickel recoveryto be

•


obtainedin plant operations. It is estimatedthat it would be in the
orderof 66 - 70%.
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INTRODUCTION

F.G. T. Pickardof FalconbridgeNickelMinesLimitedrequested

that a programof testworkshouldbe conductedto investigatethe gradeeand

recoveriesof copperand nickelfromtwo turtherEspedalenprojectsamples.

ThesesamplesdesignatedSampleA (high-grade)andSampleB (low-

grade)werecompositedfromdillcorerejectsreceivedat Lakefieldon

DeceMber6, 1976.

LAREFIELDRESEARCROF CANADALIMITED

A.O.Scobie,P. Eng.,


Manager

K.
K.W.Sarbutt


ProjectMetallurgist

• Investigation by: G.A.Kosick



SUMNARY

1. HeadSam le Ass e

Assays,%
Simple

Cu Cu* Ni Ni*

A (high-grade)

B (low-grade)

* Averageheadsampleassaysas calculatedfromtestresults.

2. FlotationTestwork- le A

Theeffectsof fineneesof prinmrygrind,collectortype,fletstion

time,andtheuse of CuSO4on thegradesandrecoveriesof copperandnickel

in the rougherflotationwere investigated.In thesetestsNa3CO3vas a4ded

to the primarygrind,andthe flotationwas conductedat pH 10. Theresults

and conditionsof thesetestsaresummarizedin Table1.

TableNo. 1 - Ro er Flotation- Samle A

Test

No.

Grind

-200




mesh

Collector

TypeAmount

Cu004

lb/

ton

Flota-
tion
Time

RougherConcentrate

WeightAssays, %% Distr.







Cu Ni Ca Ni

6 43.6 Z-11 0.15




8 9.33 2.12 7.41 73.2 76.5
8 83.1 Z- 11 0.15




8 9.97 2.19 6.91 76.9 79.0
9 57.5 Z- 11 0.20 0:10 11 17.97 1.28 4.26 82.1 88.9
10 57.5 Z-6 0.15 - 8 18.65 1.28 4.26 83.7 89.0
12 57.5 Z-6 0.15 - 9 16.28 1.52 4.94 84.3 88.1
13 57.5 Z-6 0.15 - 9 14.31 1.65 5.44 81.9 86.0
15 57.5 Z-6 0.15 - 11 15.91 1.50 5.07 85.0 87.3
17* 57.5 Z-6 0.15 - 11 10.43 2.00 7.00 79.1 82.7

* pH adjustedto 10.0withCa(011)2

0.29 0.28 0.91 0.89 4.30

0.24 0.25 0.58 0.57 2.79



Summary Continued

2. FlotationTestwork- S le A

Fineneesof primarygrindhad littleeffecton therecoveriesof copper

and nickel. Z-6was a moreeffeetivecollectorthanZ-11. ReplacingNa3CO3with

Ca(OH)aas thepH modifierresultedin lowerweightandCu-Nirecoveriestothe

rougherflotation.

Therougherconcentratesfromtheseteetswereregroundandcleaned.The

resultsandconditionsof the cleanerflotationare summarizedin Table2.

TableNo.2 - CleanerFlotation- 8 le A

Test Regrind Regrind Collector CleanerConcentrate
%

pH in
Time Cleaners lb/tonNo. -200 Weight Assays,% % Distr.
Minutes mesh






% Cu Ni Cu Ni

6 15 - 9.2- 10.0 0.02 2.24 7.54 17.80 62.6 43.6
8 15 97.8 10.0-10.0 0.025 2.74 6.94 16.0 67.2 50.3
9 71/2 65.9 10.0-10.0 0.06 11.64 1.88 6.07 78.1 82.0
10 71/2 65.9 9.0- 9.9 0.08 5.86 3.68 11.0 75.8 72.2
12 71/2 65.9 10.1-10.0 0.10 6.71 3.48 10.5 79.8 77.2
13 15 86.8 10.0- 10.2 0.10 4.21 5.27 15.0 76.8 70.3
15 221/2 88.4 10.0- 10.0 0.10 4.85 4.60 12.8 79.5 67.2
17* 15




10.5- 10.5 0.10 1.37 9.12 19.6 47.3 30.5

* .phadjustedwithCa(OH)a

TheNi grade-recoverycurvesforthesetestsare shownin Figure1.

Thebestresultswereachievedin Test13 afterregrindingto 86.8 percent

minue200mesh. Finerregrindingresultedin higherlossesof Ni in thecleaner

flotation.

Theuseof Ca(OH)ainsteadof Na2003resultedin improvedselectivity

towardspyrite,but Ni losseswereveryhigh. Furtherinvestigationof a lime

circultmightresultin someimprovementin recovery.
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Summary- Continued

3. FlotationTestwork- $ le B

A testprogramsimilarto thatconductedon SampleA was performedon

SampleB. The resultsand conditionsof the rougherflotationare summarized

in TMble3.

Thble3 - Ro er Plotation- 5 le B

Test Grind Collector Flotation RougherConcentrate
Time

No. -200 min. Weight Assays,% % DistributionType Amountmesh






Cu Ni Cu Ni

7 80.1 7.-11 0.15 8 10.42 1.86 4.04 73.0 72.5
11 65.7 2,-11 0.15 8 15.54 1.33 3.04 79.0 83.0
14 65.7 z-6 0.15 9 12.62 1.54 3.43 77.8 77.7
16 65.7 z-6 0.15 11 16.56 1.26 2.95 83.6 81.8
18' 65.7 z-6 0.15 11 9.56 1.91 5.57 75.4 72.8

• pH adjustedto 10 withCa(OH)s

OthertestspH adjustedto 10 withNa3CO3

The flotationresponsewas similarto SampleAbut vithlowerrecoveries

becauseof thelowerheadgrade. Tallingassaysweresimilar.

Theresultsandconditionsof the cleanerflotationaresummarizedin

TableNo. 4.
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Summery- Continued

3. FlotationTestvork S le B

TableNo. 4 - CleanerFlotation- 8 le B

Test Regrind Regrind Collector CleanerConcentrate

	

Time %
pH

	

No. in lb/ton

	

min. -200 Weight Aseeyv,% % Distr.Cleanersmesh
% Cu Ni Cu Ni

	

7 15 89.8 10.0-10.3 0.02 2.92 5.77 9.79 63.8 49.3

	

11 71/2 87.0 10.2-10.0 0.02 7.36 2.58 5.29 72.6 68.9

	

14 71/2 87.0 10.0-10.0 0.10 3.57 4.96 9.73 70.9 62.3

	

16 22k 94.6 10.1-10.0 0.10 5.23 3.76 7.60 78.8 66.6

	

18 15 89.8 10.1-10.5 0.10 2.28 6.43 11.2 60.4 46.2

TheNi grade-recoverycurvesfortheseteetsareshovnin Flgure2. Con-

centrategradeswereloverthanthosefram8ampleA. Theuse of limein placeof

Na2CO3as pH modifierresultedin a elightincreasein concentrategrade,although

the recoverywas low.
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SAMPLEPREPARATION

Fourboxescontaining48 drillcoresampleswererecelvedat Lakefield

oü December6th,1976and givenourReferenceNo. 7621182.Thetotalweightvas

approximately170pounds.

Thesesampleswerecompositedintotwo samples,SempleA (high-grade)

and SampleB (low-grade).

Drill
Hole

M.G.
17.76

SAMPLEA

FromToWeight
metresReceived

g.

36371100
37 381213
38391260
39401160
4o411050
41421245
42431235
43441335
44451235
45 461160
46471115
47481225
48491580
49501440
50511115
51521050
52 531210
53541000
54551055
55561210
56571100
5758925
58591195
59601055
6o 611020
61621245
62631290
63641305

Weight
Usedin
Composite

500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500

500

Drill
Hole

M.G.
6.75

M.G.
12.76

M.G.
13.76

M.G.
14.76

SAMPLEB

FromToWeight
mstreeRecelved

g.

25261260
26271130
34351130
4748.31850
5152930
596o1090
60611160

30311010
31321150
33341170
34351340
35361130
36371130
38391150
39401065
40411160

47481270
49 49.75 650
49.75511360

53541325

Weight
Usedin
Composite

500
500
500

650

500
500

500

500
500
500
500
500
500
500
500
500

500

375

625

500

The samplesforeachcompositeweremixedthoroughly,androll-crushedto

minua 10 mesh. Chargesof 1 kg fortestworkand a sampleforheadanalysiewerethen

riffledout.
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DETAILSOF TESTS

TestNo.6


Purpose: A preliminarytestto investigatethegradesandrecoveriesof
copperandnickelfromSampleA.

Procedure: Grind,floata rougherconcentrate,andtwoscavengerconcent~s.
Regrindtherougherconcentrateandcleantwetimes.

Feed: 1000g minus10 meshSampleA.

Grind: 15 minutesat 60 percentsolidsin thelaboratoryballmill.

Conditions:

ReagentsAdded,poundsperton Time,minutes
Stage PH

Na2CO3 Z-11 DF-250 Cu504 GrindCond.Froth

Grind 3.0 - - - 15 - -
Rougher - 0.05 0.02 - - 1 - 10.0

- 0.02 - - 1 2 -
0.05 0.02 - - 1 3 -
0.05 0.02- 1 3 -

ScavengerNo. 1 - - - 0:25 - 3 - -
0.05 0.02 - - 1 3

ScavengerNo.2 - 0.05 0.02 - - 1 3 -
Regrind - 15 - - -

(Ro.Conc.)
Cu-NilstCleaner - - - - 1 2 9.2

0.02 0.01 1 3
Cu-Ni2nd Cleaner 0:48 - - - 2 4 1.0.0

Stage Rougher Scav.1 and2 RougherRegrind
Equipment 1000g Agitair 1000g Agitair Abbe.pebblemill
Speed:r.p.m. 1000 1000 -

Stage Cu-Ni lst and2ndCleaners
Equipment 500g Agitair
Speed:r.p.m. 1000
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TestNo. 6 - Continued

MetalluricalReeults

	

Weight AssaYs,% % Distribution
Product

% Cu Ni Cu Ni

2nd CleanerConc. 2.24 7.54 17.60 62.6 43.6
2nd CleanerTailing 1.61 0.96 7.76 5.7 13.8
lotCleanerTailing 5.48 0.24 3.15 4.9 19.1
Scav.Conc.No.1 6.77 0.15 1.05 3.8 7.9
Scav.Conc.No.2 2.66 0.16 0.73 0.7 2.1
Scav.Tailing 81.22 0.074 0.15 22.3 13.5

Head (Calculated) 100.000.270.90 100.0100.0

CalculatedGradesandRecoveries

Products1 and2
Products1 to 3
Products1 to 4
Products1 to 5

	

3.85 4.79 13.48 68.3 57.4

	

9.33 2.12 7.41 73.2 76.5

	

16.10 1.29 4.74 77.0 84.4

	

18.76 1.12 4.17 77.7 86.5

ScreenAnalsis

Scavener Tailin

Mesh Size % Retained % Passing
(Tyler) Individual Cumulative Cumulative

	

+ 65 11.7 11.7 88.3

	

100 15.0 28.7 73.3

	

150 13.6 40.3 59.7

	

200 16.1 56.4 43.6

	

270 8.6 65.0 35.0

	

400 10.0 75.0 25.0

	

. 400 25.0 100.0

Tbtal 100.0



TeetNo.7 

Purpoee:

Procedure:

Feed:

Grind:

Conditions:

A preliminaryteetto investigatethegradea
copperandnickelfromSampleB.

Grindand floata rougherconcentrateand two
trates. Regrindtherougherconcentrateand

1000gramsminus10 meshSampleB.

30minutesat 60 percentsolidsin thelaboretoryballmill.

andrecoveriesof

scavengerconcen-
cleantwo times.

Stage ReagentsAdded,poundsper tonTime, minutes

PH




Na3CO3Z-11 DF-250CuSO4Grind Cond.Froth




PrimaryGrind 3.0 30 -




Rougher 0.05 0.06 - 1 2 1;.2




0.05 o.o4- 1 3 .11110.




0.05 0.04- 1 3 ••

ScavengerNo.1 - 0.25 3





0.05 0.02 1 3 1•••

ScavengerNo.2
Regrind(Rougher

0.05 0.02
l5

1

-

3




Concentrate)






CurNilstCl. 0.4 0 0.01 1 2 10.0




0:02 0.01 1 3




Cu-Ni2ndCl. 0:4 0 0.01 1 3 1;.3

Stage Rougher Scavenger1 and2nd




RougherRegrind
Equipment 1000g Agitair 1000g Agitair




Abbepebblemill
Speed:r.p.m. 950 950




Stage Cu-Nilst Cl. Cu-Ni2nd Cl.





Equipment 500g Agitair 500g Agitair





Speed 950 950
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TestNo. 7 - Continued

MetalluricalResults

Product
Weight Assays,%


CuNi

1 % Distribution

Cu Ni

CleanerConcentrate 2.92 5.77 9.79 63.8 49.3
2nd CleanerTailing 1.91 0.6o 3.07 5.0 10.1
lst CleanerTailing 5.59 0.20 1.36 4.2 13.1
ScavengerConc.No. 1 3.83 0.14 0.72 2.0 4.8
ScavengerConc.No.2 3.07 0.13 0.51 1.5 2.7
ScavengerTailing 82.68 0.075 0.14 23.5 20.0

Head (Ca).culated) 100.00 0.26 0.58 100.0 100.0

CalculatedOradesandRecoveries





Products1 and2 4.83 3.76 7.13 68.8 59.4
Products1 to 3 10.42 1.86 4.04 73.0 72.5
Products1 to 4 14.25 1.40 3.14 75.0 77.3
Products1 to 5 17.32 1.17 2.68 76.5 80.0
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TeetNo. 7 - Continued

SereenAnsis

MeeliSize

(Wler)

-Primary Grind

Cumulative
% Retained % Passing

CumulativeIndividual

+65 0.2 0.2 99.8
loo 2.9 3.1 96.9
150 4.8 7.9 92.1
200 12.0 19.9 80.1
270 10.1 30.0 70.0
boo 15.0 45.0 55.0

- 400 55.0 100.0 41.

Total 100.0




Regrind





+ 100 0.5 0.5 99.5
150 1.0 1.5 98.5
200 1.7 3.2 96.8
270 2.2 5.4 94.6
400 4.8 10.2 89.8

- 400 89.8 100.0




Total 100.0






Teet No. 8


Purpose:

Procedure:

Feed:

Grind:

Conditione:

TO repeatTestNo. 6, but to investigatethe effectof a finer
grind.

Grindand floata rougherconcentrateandtwoseavengerconcen-
trates. Regrindtherougherconcentrateand cleantwotimes.

1000gramsminue10 meshsampleA.

30 minutesat 60 percentsolidein thelaboratoryballmåll.

ReagentsAdded,poundsperton Time,minutes
Stage PR

Na3CO3 Z - 11 DF-250 CuSO4 GrindCond.Froth

30

0.02 •••

-

1 3 10.0 '
•••

-

1 3
1 3 10.0

0.10

0.02
0.014

0.02

0.02

0:25
11.


OIM


001.

1

1

3
1 3
1 3

2 10.2
3

3

•••

ire

PrimaryOrind
Rougher

ScavengerNo. 1

ScavengerNo.2
Regrind

Cu-N1lstCleaner


Cu-Ni2ndCleaner

Stage
Equipment
Speed:r.p.m.

Stage
Equipment
Speed:r.p.m.

3.0
MP. 0.05

0.05

0.05

0.05

0.05

0.60 0.02
0.005

0.40

Rougher
1000g Agitair
950

Cu-Nilet Cleaner
500g Agitair
950

Scavenger1 and 2
1000g Agitair
950

Cu-N12n4Cleaner
500g Agitair
950

RougherRegrind
AbbePebbleMill
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TestNo.8 - Continued

MetalluricalResults

Product
Weight Assays,%


CuNi

% Distribution


CuNi

CleanerConcentrate 2.74 6.94 16.0 67.2 50.3
2n4CleanerTailing 1.92 0.89 7.34 6.0 16.2

3..1stCleanerTailing 5.31 0.20 2.06 3.7 12.5
ScavengerConc.No.1 5.34 0.11 0.59 2.1 3.6
ScavengerConc.No.2 5.22 0.16 0.94 3.0 5.6
ScavengerTailing 79.47 o.o64 0.13 18.0 11.8

Head(Calculated) 100.00 0.28 0.87 100.0 100.0

CalculatedGradesandRecoveries





Products1 and2 4.66 4.45 12.43 73.2 66.5
Products1 to 3 9.97 2.19 6.91 76.9 79.0
Products1 to 4 15.31 1.46 4.70 79.0 82.6
Products1 to 5 20.53 1.13 3.75 82.0 88.2
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Test No. 8 - Continued

ScreenAn sis

Regrind


Mesh Size

(Wler)

% Retained

IndividualCumulative

% Passing
Cumulative

+ 100 0.3 0.3 99.7
150 0.5 0.8 99.2
200 0.8 1.6 98.4
270 0.3 1.9 98.1
400 0.3 2.2 97.8

- 400 97.8 100.0




Total 100.0




M•

Primary_Orind





+65 0.3 0.3 99.7
100 2.7 3.0 97.0
150 3.9 6.9 93.1
200 10.0 16.9 83.1
270 4.0 20.9 79.1
400 0.6 21.5 78.5

- 400 78.5 100.0 el•

Total 100.0
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TestNo.9


Purpose: Te repeatTestNo. 6, but to investigatetheeffectof a 20
minuteprimarygrind,anda 71/2minuterougherregrind.

Procedure: Grindand floata rougherconcentrateandoneseavengercon-
centrate.Regrindtherougherconeentrateand cleantwo times.

Fe'ed: 1000gramsminus10 meshsampleA.

Grind: 20 minutesat 60 percentsolidsin thelaboratoryballmill.

Conditions:

Stage
ReagenteAdded,poundsper tonTime, minUtee

Na2003Z - 11DF-250CuSO4Grind Cond.Ftoth
Pff

PrimaryGrind 3.0 -20 - _




Rougher 0.05 0.05 1 2 10.2




0.05 0.02 1 3 -




0.05 0.02 1 3 -




-0.10 3




-




0.05 0.02- 1 3 -
SeavengerNo.1




-0.10 3 - -




0.05 0.02- 1 3 -
RougherRegrind o.o4 - 71/2-




-
Cu-NilstCleaner o:82 - 1 3 10.0




0:02 0:01-- 1 3 -
Cu-Ni2ndCleaner 0:90- --- 2 4 10.0

Stage Rougher Scavenger





Equipment 1000g Agitair 1000g Agitair





Speed:r.p.m.

Stage

950

RougherRegrind

950

lst and2nd Cleaners





Equipment AbbePebbleMill 500g Agitair





Speed:r.p.m. - 950







li

I

111
I
II

Test No.9 - Continued

I MetalluricalResults

Product
I WeightAssays, %% Distribtion

%CuNiCuNi




1. CleanerConcentrate11.641.886.0778.182.0




2ndCleanerTailing2.40
lst CleanerTailing3.93




0.15
0.221.301.9

0.73




2.13.6 3.3




4, ScavengerConc3.340.160.511.92.0





5. ScavengerTailing78.690.0570.1016.09.1




II Head (Calculated)100.000.28 o,86100.0100.0





CalculatedGradesandRecoveries





Products1 and2




14.041.605.2580.0 85.6




Products1 to 3 17.97 1.28 4.26




82.1



88.9




Products1 to 4 21.031.123.73 84.o90.9







1
i.
1

1

1

1
1
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TestNo.9 - Continued

ScreenAnalSi8

PrimaryGrind

-

Meuh Size

(Tyler)

% Retained

IndividualCumulative

% Passing
Cumulative

+65 3.1 3.1 96.9100 9.1 12.2 87.8150 11.9 24.1 75.9200 18.4 42.5 57.5270 11.2 53.7 46.3
hoo 14.0 67.7 32.3- 400 32.3 100.0 El•

Total 100.0




Hegrind





+ 100 3.0 3.0 97.0150 3.5 6.5 93.5200 6.9 13.4 86.6
270 8.2 21.6 78.4
400 12.5 34.1 65.9- 400 65.9 100.0  ••• 

Total 100.0
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TestNo. 10

Purpose: Tb investigatetheeffectof Z-6in placeof Z-11as collector.

Procedure: Grind,floata rougherconcentrateand twoscavengerconcentrates.
Regrindtherougherconcentrateandcleanthreetimes.

Feed: 1000g minus10 meshSAmpleA.

Grind: 20 minutesat 60percentsolidsin thelaboratoryballmill.

Conditions:

Stage

• PrimaryGrind

ReagentsAdded,poundspertonTime, månutes

Na2CO3Z - 6 DP-250Cu304Grind Cend.Ftoth

3.020

pR

Rougher 0.05 0.10 1 2 9.8




0.05 0.02 1 3




0.05 0.02 1 3




ScavengerNo. 1




0.25 3





0.05 0.02 1 3




ScavengerNo.2 0.05 0.02 1 3




RougherRegrind 0.04




71/2




Cu-Nilet Cleaner




1 2 9.0




0.02 0:01 1 3 9.1
Cu-Ni2nd Cleaner




2 4




Cu-Ni3rd Cleaner 0:60.02 0:01 1 31/2 9.9

Stage Rougher




Scavengerland2




Equipment 1000g Agitair




1000g Agitair




Speed:r.p.m.

Stage

950

RougherRegrind




950

lst to 3tdCleanere




Equipment AbbePebbleMill




500g Agitair




Speed:r.p.m.




950




b



Test No.10 Continued

MetalluricalResults

Product
Weight Assays,%


CuNi

% Distribution


CuNi

CleanerConcentrate 5.86 3.68 11.0 75.8 72.2
3rdCleanerTailing 0.97 0.43 1.99 1.5 2.2
2ndCleanerTailing 1.96 0.28 2.02 1.9 4•4

4• ist CleanerTailing 9.86 0.13 0.92 4.5 10.2
lstScavengerConc. 3•72 0.12 0.43 1.6 1.8
2ndScavengerCone. 4.42 0.10 0.44 1.6 2.2
ScavengerTailing 73.21 0.051 0.086 13.1 7.0

Head (Calculated) 100.00 0.28 0.89 100.0 100.0

CalculatedGradesandRecoveries





Products1 and2 6.83 3.22 9.72 77.3 74.4
Products1 to 3 8.79 2.56 8.00 79.2 78.8
Products1 to 4 18.65 1.28 4.26 83.7 89.0
Products1 to 5 22.37 1.08 3.62 85.3 90.8
Products1 to 6 26.79 0.92 3.10 86.9 93.0
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Test No. 11


Purpose: TO repeatTestNo. 7, but to investigatetheeffectof a coarser
primarygrind,a coarserregrind,andno scavengerstage.

.Procedure: Grind,floata rougherconcentrateandcleanthreetimes.

Feed: 1000gramsmlnus10 meshsampleB.

Grind: 20 minutesat 60 percentsolidsin thelaboratoryballmill.

Conditions:

Stage
ReagentsAdded,poundsper tonTime, minutes

Pli




Na2CO3 Z-11 DF-250CuSO4Grind Cond.Froth

PrimaryOrind 3.0 - --20 ---




- -0.25- 3-
Rougher(1) 1:2 0.05 0.12-- 229:9


 0.05 0.02-- 13

 0.05 0.06-- 13

Regrind




- -- 7k --
Cu-NilstCleaner 2:0 - 0.01-- 1210.2




0.02 0.01-- 1 3
Cu-Ni2ndCleaner




- 0.01-- 139.8
Cu-Ni3rdCleaner 0:8 - 0.01-- 1310.0

Stage Rougher




Rougher( Regrind) lstto 3rdCleaners
Equipment 1000g Agitair AbbePebbleMill 500g Agitair
Speed:r.p.m. 950




950
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TeatNo.11- Continued

MetalluricalResults

Product

CleanerConcentrate
3rdCleanerTailing
2ndCleanerTailing
lstCleanerTailing
RougherTailing

	

WeightAssays, %% Distribution

Cu NiCuNi

	

7.362.585.2972.668.9

	

0.810.441.781.42.6

	

1.910.311.462.34.9

	

5.460.130.742.77.2

	

84.46o.o650.1121.016.4

Head( Calculated) 100.00 0.26 0.57 100.0 100.0

CalculatedGradesandRecoveries

Products1 and2
Products1 to 3
Products1 to 4

	

8.172.374.9474.071.5

	

10.081.984.2876.376.4

	

15.541.333.0479.083.6

ScreenAna sis

Rou erTailin

MeshSize % Retained % Passing
(Tyler) Individual Cumulative Cumulative

	

+ 65 2.3 2.3 97.7

	

loo 6.2 8.5 91.5

	

150 9.4 17.9 82.1

	

200 16.4 34.3 65.7

	

270 12.3 46.6 53.4

	

400 12.4 59.0 41.0

	

- 400 41.o 100.0 rIM

Total 100.0
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Test No. 12


Purpose: To repeatTest10,butwith increasedcollectoradditionsand
flotationtimein thecleanerflotation.

Procedure: Grind,floata rougherconcentrate.Regrindtheroughercon-
centrateandclean3 times.

Feed:49 1000gramsminus10 meshSampleA.

Orind: 20 minutesat 60 percentsolidsin the laboratoryballmill.

Conditions:

Btage

PrimaryGrind

ReagentsAdded,poundspertonTime, minutes
PE

Na2CO3Z - 6DP-250CuSO4Grind Cond.Froth

3.0---20--
Rougher1 0.05 0.12- -2210.2

2 0.05 0.01- -13-
3 -0.05 0.01- -1 4-

RougherRegrind 1.00.05 -- 71/2--
Cu-Nilst Cleaner -- 0.01- -1310.1




-0.03 0.01_ _24-
Cu-Ni2ndCleaner 0.1- -- -2 4 10.0
Cu-Ni3rdCleaner 0.340.02 0.01- -1 410.0

Stage Rougher RougherRegrind lstto 3rdCleaners
Equipment 1000g Agitair AbbePebbleMill 500g Agitair
Speed:r.p.m. 950




950



. 4.
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TestNå. 12 - Continued

MetalluricalResults

Product
Weight Assays,%


CuNi

% Distribution


CuNi

CleanerConcentrate 6.71 3.48 10.5 79.8 77.2
3rdCleanerTailing 0.86 0.50 2.77 1.5 2.6
2nd CleanerTailing 1.39 0.22 2.16 1.0 3.3
lstCleanerTailing 7.32 0.079 0.62 2.0 5.0

5, RougherTailing 83.72 0.055 0.13 15.7 11.9

Head (Calculated) 100.00 0.29 0.91 100.0 100.0

CalculatedGradesandRecoveries

Products1 and 2 7.57 3.14 9.62 81.3 79.8
Products1 to 3 8.96 2.69 8.46 82.3 83.1
Products1 to 4 16.28 1.52 4.94 84.3 88.1
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Test No.13

Purpose: Tb repeatTestNo.12,but to investigatethe effectof a 15
minuteregrind.

Procedure: Grind,floata rougherconcentrate.Regrindthe roughercon-
centrateandcleanthreetimes.

Feed: 1000grameminus10 mesh(SampleA)

Grind: 20 minutesat 60 percentsolidsin the laboratoryball

Conditions:

Stage

PrimaryGrind

ReagentsAdded,poundsperton

NaoCOnZ-6DF-250

3.0-

Time,mdnutes


GrindCond.Froth


20--

PH

Rougher(1)




0.05 0.12 - 2 2 10.2
(2)




0.05 0.01 - 1 3 -
(3)




0.05 0.01 - 1 4 -
RougherRegrind 1:0 0.05




15 - -




Cu-NilstCleaner - - 0.01 - 1 3 10.0




- 0.03 0.01 - 2 4 -

Cu-Ni2ndCleaner 0.3 -




- 2 4 10.0
Cu-Ni3rdCleaner 0.63 0.02 0.01 - 1 4 10.2

Stage Rougher RougherRegrind lstto 3rdClemners
Equipment 1000g Agitair Abbepebblemill 500g Agitair
Speed:r.p.m. 950 950
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Test No.13 - Continued

MetalluricalResults

Product
Weight Ase4YA,%


CuNi

% Distribution


CuNi

CleanerConcentrate 4.21 5.27 15.0 76.8 70.3
3rdCleanerTailing 0.58 0.64 3.53 1.3 2.3
2nd CleanerTalling 1.59 0.27 3.78 1.5 5.6

4• lstCleanerTailing 7.93 0.085 0.95 2.3 8.4
5. RougherTailing 85.69 0.061 0.14 18.1 13.4

Head (Calculated) 100.00 0.29 0.90 100.0 100.0

CalculatedGradesandRecoveries





Products1 and 2 4.79 4.71 13.6 78.1 72.6
Products1 to 3 6.38 3.60 11.0 79.6 78.2
Products1 to 4 14.31 1.65 54.4 81.9 86.6

ScreenAnalsis






Regrind






MeshSize % Retained




% Passing
(TYler)IndividualCumulative




Cumulative

+ loo 0.3 0.3 99.7
150 0.7 1.0 99.0
200 2.2 3.2 96.8
270 2.4 5.6 94.4
400 7.6 13.2 86.8

- 400 86,8 100.0




Total 100.0
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Test No.lh


Purpose: Tb repeattheprocedureof Test12,but on SampleB.

Procedure: Grind,floata rougherconcentrateand twoscavengerconcentrates.
Regrindtherougherconcentrateandclean3 times.

Feed: 1000gramsminus10 meshSAmpleB.

Grind: 20 minutesat 60 percentsolidsin thelaboratoryballmill.

Conditions:

Stage

PrimaryGrind

ReagentsAdded,poundspertonTime, minutes

Na2CO3Z - 6DF-250CuSO4CMC6CTEGrind Cond.Ftoth

a.3.0--- 20

PH

Rougher1 0.050.1h - 2 2 10.0
2 0.050.01 - 1 3




3 0.050.01




1 4




ScavengerNo.1 -- 0:25 3





0.050.02 - 1 3




ScavengerNo.2 -0.050.02 - 1 3




RougherRegrind 1.00.05- - 71/2 - -




Cu-Nilet Cl. --0.01 - 1 3 10.0




-0.030.01 - 2 4




Cu-Ni2ndCl. - -0.05 2 4 9.9
Cu-Ni3rdCl. 0.56- -0.03 1




10.0




-0.020.01 - 3. -
14




Stage Rougher' Scavenger1 and2





Equipment 1000g Agitair 1000g Agitair





Speed:r.p.m.

Stage

950

RougherRegrind

950

lstto 3rdCleaners





Equipment AbbePebbleMill 500g Agitair





Speed:r.p.m.




950







1

I.
1
1

1
1
I.
1
1

1
I.
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TestNo.14 - Continued

. MetalluricalResults

Product
Weight

%

Assays,%


CuNi

% Distribution


CuNi

3rdCleanerConc. 3.57 4.96 9.73 70.9 62.3
3rdCleanerTailing 1.10 0.46 1.64 2.0 3.2
2ndCleanerTailing 1.87 0.29 1.65 2.2 5.5
lstCleanerTailing 6.08 0.11 0.61 2.7 6.7
Scav.Conc.No.1 2.54 0.12 0.36 1.2 1.6
Scav.Conc.No.2 4.50 0.11 0.42 2.0 3.4
ScavengerTailing 80.34 0.059 0.12 19.0 17.3

--






Sead(Calculated) 100.00 0.25 0.56 100.0 100.0

CalculatedGradesandRecoveries





Products1 and2 4.67 3.90 7.82 72.9 65.5
Products1 to3 6.54 2.87 6.o6 75.1 71.0Products1 to 4 12.62 1.54 3.43 77.8 77.7Products1 to 5 15.16 1.30 2.92 79.0 79.3Products1 to6 19.66 1.03 2.35 81.0 82.7

ScreenAnalsis






Regrind


MdshSize

(qyler)

% Retained

IndividualCumulative

% Passing
Cumulative

+ 100 0.2 0.2 99.8
150 o.6 0.8 99.2
200 2.3 3.1 96.9
270 2.6 5.7 94.3
400 7.3 13.0 87.0

- 400 87.0 100.0 -

Total 100.0
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Test No. 15


Purpose: Tb repeatTestNo. 13,but to investigatetheeffectof a longer
rougherflotationandregrindtimes.

Procedure: Grind,floata rougherconcentrate,regrindtherougherconcen-
trate. Cleanthreetimes.

Feed: 1000grameminua10 meshSampleA.

Grind: 20 minutesat 60 percentsolidsin thelaboratoryballmill.

Conditione:

Stage


PrimaryGrind

ReagentsAdded,poundsper ton


NaeCOeZ - 6 DF-250

3.0--

Time,minutes


GrindCond.Froth

20

pH

Rougher1 - 0.05 0.18 - 2 3 10.0
2 - 0.05 0.01 - 1 4




3 - 0.05 0.01 - 1 4




RougherRegrind - 0.05 - 22k -




Cu-Nilst Cleaner - - 0.01 - 1 3 •••




0.71 0.03 0.01 - 2 4 10.0
Cu-Ni2nd Cleaner 0.60 -




- 2 4 10.0
Cu-Ni3rdCleaner 0.60 0.02 0:01 - 1 4 10.0

Stage Rougher RougherRegrind let-8rdClemners
Equipment 1000g Agitair AbbePebbleMill 500g Agitair
Speed:r.p.m. 950 950



-31-

TestNo.15 - Continued

MetalluricalResults

Product
Weight Aseays,%


CuNi

% Dietribution


CuNi

CleanerConcentrate 4.85 4.60 12.8 79.5 67.2
3rdCleanerTailing 0.73 0.35 2.08 0.9 1.7
2nd CleanerTailing 1.56 0.26 3.18 1.5 5.4
lst CleanerTailing 8.77 0.098 1.37 3.1 13.0
RougherTailing 84.09 0.050 0.14 15.0 12.7

Head (Calculated) 100.00 0.28 0.92 100.0 100.0

CalculatedGradesand Recoveries





Products1 and 2 5.58 4.05 11.40 80.4 68.9
Products1 to 3 7.14 3.22 9.60 81.9 74.3
Products1 to 4 15.91 1.50 5.07 85.0 87.3

ScreenAnalsis






Composite






MeshSize % Retained




% Passing
(Tyler)IndividualCumulative




Cumulative

+ 100 0.4 0.4 99.6
150 1.1 1.5 98.5
200 2.1 3.6 96.4
270 2.3 5.9 94.1
400 5.7 11.6 88.4

- 400 88.4 100.0




Total 100 .0 •••
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Test No. 16


Purpose; Tb repeatTestNo. 15,but use SampleB.

Procedure: Grind,floata rougherconcentrate,regrindtherougher
concentrate.Cleanthreetimes.

Feed: 1000gramsminus10 meshSampleB.

Grind: 20 minutesat 60 percentsolidsin the laboratoryba11mill.

Conditions:

Stage

PrimaryGrind

ReagentsAdded,poundspertonTime, minutes
PH

Na2CO3Z-6DF-250Grind Cond.Froth

3.0-20--
Rougher(1) 0.60.05 0.16 - 2310.0


 0.05 0.01 -14

 0.05 0.01 -14

RougherRegrind 0.05 - 22k---
Cu-NilstCl. 1.0- 0.01 -1 310.1




0.03 0.01 -24
Cu-Ni2ndCl. 0.4- - -2 4 10.0
Cu-Ni3rd Cl. 0.40.02 0.01 -1410.0

Stage Rougher RougherRegrind lst-3rdCleaners
Equipment 1000g Agitair AbbePebbleMill 500g Agitair
Speed:r.p.m. 950 - 950
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TestNo.16 Continued

MetalluricalResults

Product
WeightAssays, %% Distribution

CuNiCuNi

CleanerConc.
3rdCleanerTalling

'3. 2ndCleanerTailing
lstCleanerTailing
RougherTailing


.23 3.76

	

1.07 0.20

	

1.80 0.19

	

8.49 0.076

	

83.44 0.049

	

7.6o 78.8 66.6

	

1.29 0.8 2.3

	

1.64 1.4 4.9

	

0.56 2.6 8.0

	

0.13 16.4 18.2

Head (Calculated) 100.00 0.25 0.60 100.0 100.0

CalculatedGradesandRecoveries

Products1 and 2 6.30 3.16 6.53 79.6 68.9
Products1 to 3 8.10 2.50 5.44 81.0 73.8
Products1 to 4 16.56 1.26 2.95 83.6 81.8

ScreenAnalsis

Regrind

MeshSize % Retained % Passing
(Tyler) Individual Cumulative Cumulative

+ 100 0.1 0.1 99.9
150 0.1 0.2 99.8
200 0.2 0.4 99.6
270 0.6 1.0 99.0
400 4.4 5.4 94.6

- 400 94.6 100.0

Total 100.0
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Test No. 17


Purpose: Tb investigatetheeffectof usingCa(O11)2in placeoftra2CO2
as thepH modifieron the gradesandrecoveriesof copperand
nickel.

Procedure: Grind,floata rougherand twoseavengerconcentratee.Regrind
for15 minuteeandcleanthreetimes.

Feed: 1000gramsminue10 mesh(SampleA).

Grind: 20 minutesat 60 % solidain thelaboratoryballmill.

Conditions:

Stage
ReagentsAdded,poundspertonTime, minutee

PH
Ca(OH)2Z - 6 DF-250112504Grind Cond.Froth

PrimaryGrind 0.50-




-20 _ _




0.20-




- 2 -10.0
Rougner(1) -0.05 0.15 -- 2 3

(2) -0.05 0.01 - 1 4
(3) -0.05 0.01 - 1 4

Scavenger1 -0.05




0:44 1 38.5
Seavenger2 -0.05




- 1 3
RougherRegrind 0.250.05




-15 - -
Cu-NilstCl. 0.20- 0.01 - 1 310.5




-0.03 0.01 - 2 4-
Cu-Ni2ndCl. 0.12-




-- 2 410.1
Cu-Ni3r4 Cl. 0.220.02 0.02 -- 1 410.5

Stage Roughernd Scavenger RougherRegrind




let-3rdCleaners
Equipment 1000g Agitair




AbbePebblemill




500g Agitair
Speed:r.p.m. 950





950.
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TestNo. 17 - Continued

MetalluricalResults

Product
Weight

%

Assays,%


CuN1

% Distribution


CuNi

CleanerConc. 1.37 9.12 19.6 47.3 30.5
3rdCleanerTail. 0.72 5.83 11.5 15.9 9.4
2nd CleanerTail. 0.87 2.15 10.6 7.1 10.4
lstCleanerTail. 7.47 0.31 3.82 8.8 32.4
lstScav.Conc. 2.22 0.18 0.95 1.5 2.4
2ndScav.Conc. 2.52 0.15 0.83 1.4 2.4
Scav.Tailing 84.83 0.056 0.13 18.o 12.5

Head (Calculated) 100.00 0.26 0.88 100.0 100.0

CalculatedGradesand Recoveries





Products1 and2 2.09 7.99 16.81 63.2 39.9
Products1 to 3 2.96 6.27 14.98 70.3 50.3
Products1 to 4 10.43 2.00 7.00 79.1 82.7
Products1 to 5 12.65 1.68 5.93 80.6 85.1
Products1 to 6 15.17 1.43 5.08 82.0 87.5
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Test No. 18

Purpose:

Procedure:

Feed:

.Grind: ,

Conditions:

Tb repeatTestNo. 17usingSampleB.

Ae forTestNo. 17.

1000grameminus10 meshSampleB.

20 minutesat 60% solidsin thelaboratoryballmill.

Stage
ReagenteAdded,poundsperton


Ca(0102Z - 6 DF-250112604

Time,minutes
DR

GrindCond.Froth

PrimaryGrind 0.50




••••120




0.52




2 10.0
Rougher(1) 0.05 0.15




2 3

 0.05 0.01




1 4

 0.05 0.01




1 4
Scavenger(1) 0.05




0-.48 1 38.5
Scavenger(2) 0.05




1 3
RougherRegrind 0.250.05




.OW .••15
eu-NilstCleaner 0.11 0.01




131.0..1




0.03 0.01




24
Cu-Ni2nd Cleaner





2410.0
Cu-Ni3rdCleaner 0-.260.02 0.17 WIM 1410.5

Stage RougherandScavenger




Ro. Regrind lstto 3rdCleaners
Equipment 1000g Agitair




AbbePebble 500g Agitair
Speed:r.p.m. 950




Mill 950
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TestNo.18 - Continued

MetalluricalResulta

Product
Weight

%

Assays,%


CuNi

% Distribution

CuNi

CleanerConcentrate 2.28 6.43 11.2 60.4 46.2
3rdCleanerTailing 0.40 2.60 3.62 4.3 2.6
2nd CleanerTailing 1.22 0.96 3.71 4.8 8.2
lst CleanerTailing 5.66 0.25 1.54 5.9 15.8
lstScav.Conc. 3.23 0.16 0.77 2.1 4,5
2nd Scav.Conc. 2.63 0.15 0.58 1.6 2,8
ScavengerTailing 84.58 0.060 0.13 20.9 19.9

Head (Calculated) 100.00 0.24 0.55 100.0 100.0

CalculatedGradesandRecoveries





Products1 and2 2.68 5.86 10.07 64.7 15.70
Products1 to 3 3.90 4.33 8.08 69.5 57.0
Products1 to 4 9.56 1.91 4.21 75.4 72.8
Products1 to 5 12.79 1.47 3.34 77.5 77.3
Products1 to 6 15.42 1.25 2.87 79.1 •80.1
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