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THE SELECTIVE FLOTATION OF THE LOWER GRADE
COPPER-NICKEL ORES OF THE SUDBURY DISTRICT, ONTARIO

Experimental The first series of tests was made on the lower
tests: grade ores from two of the mines, to determine

whether the copper-nickel values could be concen-
trated by selective flotation, with the production of a high grade
copper-nickel product with high recoveries of the copper and
nickel values, by the elimination of the siliceous gangue minerals
ard a large portion of the barren pyrrhotite. No attention was
paid to where the precious metal values were reporting in this
series of tests.

Table I gives the results of tests Nos. 1, 2, 4, and 5,
on an ore of the following cnalysis:

Copper 1.25%
Nickel 1.35%
Iron 23.70%
Sulphur 10.70%

Silica 37.85%

Recoveries indicated include the actual recovery made in
tke cuncenirate plus 507 of the coppsr-nickel values in the
miZgling, which would be recovered by returningz this produect to
ti:e hewd of the circuit. This percentsge was proven 1o be a
conservative estimate.

Table II gives the results of tests Nos. 6 and 8 on the
same ore, wher the middling was re-run without further grinding.
With re-grinding of the middling product, higher recoveries could
be expgeted.

Table III gives the results of tests Nos. 1, 2, 3, 4, 5,
6. aal 8, on a still lower grade ore, of the following analysis:

Copper 0.47%
Nickel 1.17%
Iron 20.907
Sulphur 11.19%
Silica 42,155%




TABLE I

! ' .
: 1 ' ' ' ' ' o ' ' 1 ' '
| ' ' ' ot Analysis 'Percentage! - Total '’
' t ' ! 'of values ! Recoveries 1
'Test 'Concentration 'Weight!? J ! ' ! ' ! J !
1 No. ! Products ! grams? ! ' Cu.? ' re ! ' Cu.!
' r ' ' Cu.' Ni.' +Ni.!' Cu.' Ni.! €u.'! Ni.' 4Ni,?
! ! ' ! per ' per ' per ! ' Tper ' per ' per ?
' ' ' ' cent! cent' cent! ' '‘cent! cent! cente
t ' [ 1 [ 1 1 [J 1 ' t [
' 1 ‘Ccncentrate...! 106 '12.50' 9.60'22.10'93.2'76. 2gv95 3182, 4" 89. 1v
' 'Middlinge.e ..V 147 ' 0.40" 1.13' ... ' 4,1112.4
! 'Tailing.......' 758 ' 0.05' 0.20' ... ' 2,7111.3 1t ' ! '
' ' ' ' ' ' ' ' U ) ' '
! Y
' 2 'Concentrate...!' 75 '16.,50'10.20'26.70188,3158, 73 91, 9v68 8 * 80.8 |
' 'Middling......" 155 t 0.65¢ 1,70" ... ! 7 2120,2 ' ' T
' 'Talllng.......' 785 1 0.08' 0.35' ... 4,5'21,1 ¢ ' ' o
. ! 1 ' t l ' 1 t ! ]
r— - ]
' 4 'Concentrate...' 95 '13.66' 9,75'23.41193.6'69. 83'95 4'78 3.1 87,1t
' tMiddlingec.oo.? 146 ' 0.35' 1,551 ... 1 3 7'17.0 - 1
' 'Tailingece....? 758 ' 0.,05' 0.23' ... 2,7113%,1 ! ' ' '
! ' ] ! 1 ' | ! ' 1 ! 1]
' 1
' 5 1Concentrate...' 170 ' 7,40!" 6. 20'13 60192.0130.0 '93 9 84.5 t 89,2
' leddlmg......r 94 1 0,551 1.27" ... ' 3,81 9,0 ' '
! '"Tailing......." 730 ' 0,08' 0.20" ... ' 4,2111,0 ¢ v ' '
1 ! ] L ! 1 L ) ' ! | B !
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TABLE II

! ? t ! ' 1 ! B | t
! ! ! Analysis '  Percentage !
! 1 ! of values '
Test'Concentration 'Weight! b v, Cu.t ' ! '
No,! Products ! grams!' Cu., ' QNi.! -Ni.!' Cu.' Ni.'! Cu.!
! . 1 1 per 1 per 1 per 1 1 toNi,
! ! ' cent! cent! cent! ! !
6 'Concentrate...! 376 ' 7.60! 5.,70113,30719),41 86.5189,2
'Pailinge......'1,594 ' 0.,17' 0.21' 0.38' 8.6 13,5'10.8
' ' ' ! 1 1 1 '
8 1Concentrate...! 292 ' 9,101 7.50116.60196.7t 83.,4190,2
"Pailing.......11,675 ' 0.055 0.26' 0.31! 3,31 16.6t 9,87
' ! ! ' 1 ' ' ' R
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TABLE III

!

! 1

! !

!

!

!
' ! ! 1
' ! ! Anglysis ! Percentage ! Total !
' 1 ! ! of values ' recoveries !
Test'Concentration'ieight! ! ! ! ! ! ' ! ! '
No.! Products ' grams' ! t Cu.! ! 1 Cu,! ! tcu.!
' ' ' Cu.!' Niu +N1 ' Cu.! Ni, '4Ni.!' Cu.' Ni.' ¢Ni.!
' ' ' LY 1 ! vgoov g v g
!
IConcentrate..! 155 '2.6 ' 6,2 ' 8.8 '87 4'82 6§v84 0'90 0'86, 8' 817.81
'Middling..... ' 159 10.15' 0.62! ! ' !
172iling...... 1 694 10.05' 0.15! ! 4v 8 9 1 ' '
: 1
tConcentrate..' 175 12.30' 5.75' 8.05189, 3'84.7§‘86 0'90 7!87 0' 88,01
tMiddling..... 1 118 10.10' 0.45' ... 1! 1 4.5 '
1Pailing... ' 715 '0.05' 0,18y ..., ' £€.,0'10,8 ! ! '
1
1Concentrate..! 134 v2.15' 5,26 7.41189. 7v87b13'82 4v9o 9v81 6v 84,11
1Middling.....! 2 10,15V 0.57" ... ' 2,6V 3,6) '
1Pailinge ... ' 730 '0.05' 0.29' ... ' 7.7'10.6 1 ! ' '
1 1 1 Y ' ! 1 Y
tconcentrate..! 220 '1.90' 4.80' 6.70191,.5'88.5)'89. 3'92 3190 31 90.8!
tMiddling.....!' 144 10.05' 0.20' ... ' 1,5' %,6)! '
1"Pailingee ... ' 630 10,05' 0.15' ... ' 7,0' 7.9 ' ' ' '
e !
1Coneentrate..! 64 1'3.05' 7.12'10.17'83. 7'76.62'78:6'86.3'80¢O' 81.8?
'Middling..... ! 69 10,177 0,536 ... 't 5.1' 6,5 ' ' ' '
'"T211ing......' 369 10,07' 0.27' ... '11,2116,8 1 ' ' | '
U
'Concentrate..' 66 '6.65'13.36'20,01182.1173%,0)175.7'84.91'79.6' 81.2!
Middling....." 122 10.25' 2,33 ... ' 5,6113%,4)1 ' ] ' '
17a3i1ingee. . ' 825 10.08'" 0.20' ... 112,3113%3,6 ! ' ' ) '
'
'Concentrate..!' 168 12.70' 5.83' 8,53193,2180.4)1'84,0'94, 6v85 5v 88.11
tMiddling.....' 205 '0.07' 0.61' ... ' 2.9110.,3)! ' '
"Tailing, .« ... ' 632 1003 0,18 ... ' 3,91 9,3 1 ' ' '
? 1 ' 1 1 1 ! ! ! ! ' !
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The procedure followed in conducting the tests was:

The ore was crushed to 20 mesh; 1000 grans were ground wet in
a small ball mill with the reagents for about 40 minutes; a rougher
concentrate and tailing were first made; the rougher concentrate was i
recleaned; msking a conceutrste and a middling. In tests nos. 6 & 8 ’
of Table II, two 1000 gram lots were used, following the above
procedure, in order to obtain sufficient middling for refloating.
The concentrate from refloating the middling was added to the final
concentrate. and the tailing to the rougher tailing, so as to have |
only two products, concentrate and tailing. !

) No test work was done to determine the degree of fineness to
which the ores should be ground to obtain the best results. For the
gests, approximately 907 would psss a 260 mesh screen. For test nos

of Table III, it was ground to pass a 100 mesh screen, 677 through
200 mesh., : '

Conclusions from There is no apporent difficulty in making a
Experimental tests: fairiy high grade. copper-nickel concentrate,

with a good recovery of the copper -nickel
values in the ores. A ccarentration product was mede, in certain
cases, with & higlher corper-nickel content than that contained in the
blast furnace maties, certainly higher than the mattes that would be
produced by present practice on the same grades of ores. '

Por the selective flotation of the ores, the alphabetical
reagents wore found to be the most suitoble. In using these reagents,
the essential point is to carry an alkaline pulp, obtaired by the
addition of lime, soda ash, or caustic soda. The chalcopyrite floats
with remarkable ease, the nickel minerals are more difficult to float.

Examination for the awounts of pyrrhotite being eliminated in
the tailing was made on the flotation products of the tests run for
the dstermination of precious.metal values as given in Tables IV and
VI following, where the concentration was not nearly so good as in
some of the tests given above in Tables I and III. This was found
to be 307 and 41f. respectively, of the amounts in the ore. 'This
ellmlnatéon of practically barren pyrrhotite, together with the
gangue minerals, is very desirable, and means considerable savings
in several directions. Taking the flotation products of tests nos.l,
2, end 4 of Table I and of test no. 6 of Table III, where high grade
concentrates were made, the percentage of pyrrhotite eliminated in
the tailings weuld be much higher than that given above.
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THE PRECIOUS METAL VALUES IN PHE FLOTATION PRODUCTS
OF THE LOWER GRADE COPPER-NICKEL ORES OF THE SUDBURY
DISTRICT '

Experimental tests: To determine if the precious metal values in
the ores were being concentrated with the

corper-nickel values, flotation tests were conducted on 13 kilograms

¢f each ore, in one kilogram lots. The products from the thirteen

ieEt3 on each ore were combined in order to obtain sufficient quan-
ttles of the flotation products for accurate determination of the

rreclous metal contents. In conducting these tests attention was
2% paid to obtaining the best flotation results, as this was
custrated by former tests, the results of which are given in
les I, II and III.
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Tables IV and V give the results on the first ore, the
flotation results on which are given in more detail in Tables I and
I1.

Tables VI and VII give the results on the second ore, which
was of still lower grade; the flotation results on which are given
in more detail in Table III. '

TABLE 1V

—

1 4

A A,?Js‘a ¥y.s

! 1 = ———rRRod., 'DPrecious

1
! 4 .
Product 'Weight'Nickel!Copped' Gold .' Plat.'Palladm.'Irid., ' metal
' ' per ' per ' ' ! ' ete. ' values
' grams! cent ' cent 'oz/ton'bz/ton' oz/ton 'oz/ton 'content.
Concen< ¢ Y T T U T = T FoK
traje..' 2,050' 5.88 ' 7.55 '0.036 '0.062 '0.072  '0.006*% ' $13.18
Middling' 1,490' 0.9% ' 0.20 '0,012 '0,019 '0,022 '0,004 ' = 4.47
Teiling.' 9,460' 0.16 ' 0.05 '0.002 '0.0027'0.0038 'trace '  0.62
t ! ' ' v ' S t
' 1 1 1 T 1 i v
Ore.....'13,000' 1.15 ' 1,25 '0.008 '0.014 '0.017 10,0014 + $3.04
1 \j 1 ' 1

1 ' ! '

* Results are no Goubt low due to oxidation and volatilization
in fusing and scorifying.

**  Pigures from December 1922 quotations on these metals.
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TABLE ¥

!

. Percentages in Products
T R ]

)
\ ] §
Product 'Weight'Nickel!Copper! Gold ' Plat.! Palladm.' Precious '
' ! ' ' ' 1 ! metal !
1 ! ! ' 1 ' ! ! values. !
tConcen~ ! TYi 1 T T 1 T 1
1 trafe...? 15.8 ' B0.6 Y 95.5 v 66.8' 70.3 v 68.5 ' 68.4 '
1n7iddling.' 11.5 ' 9,3 v 1.8 v 16.1' 15.7 t 16.3 1 15.8 '
1Tailing.." 72.7 ' 0.1 ' 2.9 ' 17.1' 14.0 ' 15.2 ' 14.8 '
‘1 ! 4 1 ' ' L t L
PABIE VI
3 ' '
' ' ! A SSays L !
' ' ! Y T T Y lR}lod"lPreciouS!
' Product 'Weight'Copper'Nickel! Gold ' Plat.'Palledm.’'Irid.,' metal !
! ! ' per ' per ' ' ' ete. ' values !
! ' grams' cent ' cent 'oz/ton'oz/ton' oz/ton 'oz/ton' content!
'Concen- ' ' T T 7 Y — Y FE I
' trate,..' 1,635" 2.90 ' 6.40 '0.027 '0.032 ' 0.043 '0.005 ' (37,40 ¢
'"Middling.' 1,418' 0.27 * 1.65 10.013% '0.016 ' 0.015 10.003 ' 3.54 !
'Tailing..! 9,947' 0,05 ' 0.21 '0.0009'0.0011f 0.0026 ' ... ' 0.30!
1 ! 1 1 1 ! 1 t !
! 1 1 1 7 T i 1 T !
' 113,000' 0.43 ' 1,14 10.0055'0.0067" 0.0009 '0.0009!' $1.55 !

* Results are no doubt low due to oxidation and volatilization in
fusing and scorifying.
*¥*  Pigured from December 1922 quotztions on these metals.

PABLE VII

qJ=

' Percentages in Products
R B 1 1

¥ 1 T

'

' .

: ProductzWeight'Copper'Nickel' Gold 'Plat.iPalladm.! Precious
i ! i 1 1

i

!

1

1

1

' ! metal !

1 1 1 1 ? ' ! values. !

Concen- ' T T T T T i 1
" trate...' 12.6 ' 84.8 ' 703 ' 61.8 ' 60.9' 60.0 ! 60.3 !
'Middling.' 10,9 ' 6.8 ' 15.7 ' 25.7 ' 26.4' 18.0 ! 24.9 '
:Tailing..' 76,5 ' 8.8 ' 14.0 ' 12.5 ' 12.7' 22.0 ! ©14.8 !
1 ? | § ? ? H 1 1

~8-




i e e R T AR AN A A G S A DN s R RSP SRR S E AN sty

Conclusions from The results show, in the case of the first
exeamination of ore, 68% of the total precious metal values
flotation products: . 1im contained in the concentrate, 179 in the

middling product, and 15% in the tailing.
By re-grinding and floating tne middling, which represents 11.5%
of the original feed, a total recovery of 807 of the precious metal t
values would he obtained in the copper-nickel concentrate by :
selective flotation.

The results show,; in the case of the second ore of lower grade,
607, of the precious metal values is contained in the concentrate,
257 in the middling product, and 15% in the tailing. By re-grinding
and floating the niddling, which represents 10.9% of the original
feed, a total recovery of 75% of the precious metal velues would be
obtained in the copper-nickel concentrate by selective flotation.

The results show that it hss been denonstrated by the above
tests that the gold and the platinum group metels are reporting to

a large extent in the concentrate with the copper and nickel
ninerals. ‘

In the determination of the precious metal contents, the total
flotationsproducts were used, and the assay results obtsined figured

to the 'per tca' basis. The assays so obtained should bte reliable
and accurate.

No definite conclusions are arrived at with regard to the
particular nmineral or niinerals with which the platinum group netals
are associated. In studying the ratios between these netals and
the copper, nicksl, iror and sulphur content in the flotation
products, there is no definite uniformity of values or proportions
between these metals and the chalcopyrite, pentlandite, pyrrhotite,
content in the ores and flotation products. ihether this should
be accerpted in support of the opinion that the lower grade ores
carry relatively higher values in the platinum group netals, is
questionable. '

THE SELECTIVE FLOTATION OF THE COPERER-NICKEL ORES
OF SHEBAIDOUAN LaKE DISTRICT, ONTARIO

Experimental Tests were conducted on a Shipment of ore from this
tests: district to determine whether & high grade copper-

nicrel concentrate could be obtained with a satis-
factory recovery of the copper-nickel and precious metal values.
The tests were made on 2n ore of the following anclysis:

Hickel 2007? Line . 509,

Copper 1.65 llagnesia g.@z

Cotalt 0.157 Sulphur  15.847%

Iron_ 24.3C Gold 0.01 oz(ton
Alumine  10.1%% Platinmun 0.03 '
Silica 26.55% Palladium 0.048 v

Table VIII gives the results of the tests. In test no, T a
concentrate and tailing were made. In test no.2. a2 concentrate,
middling, and tailing were made.

-9




TABLE VIII

] t

1t 1 1 1 \ § 1 f 1 1 1 ! !

! ' ! ! analysis ' Percentage ' Total '
! ! ! ! ' of values. ' TRecoveries '

"Pest! Product 'Weight' v f 1 i ' T ¥ T |

' No.'! ' ! 'Ni x'Cu ¢ ! "Ni 4 'Cu 4! 'Ni s'Cu 4!

! ! ! 'Cu. 'Co 'Ni + 'Cu. 'Co 'Ni ¢ 'Cu. 'Co 'Ni <!

! 1 ! ' ! 1Co 1 ! 'Co ! ! 1Co '

' 1 v LA A I A ! ' 1 U A T

1 ) 1

t 1 ‘'Concentrate.!' 25,7 '6.351'9.88116.23183.0192.1 188.3 183.0192.1188.3 ¢{.

! '"Pailing....." 74,3 '0.4510.24' ... '17.0' 7.9 ! ! ' ! !

' T ‘ ' 1
' 2 tConcentrate.! 30.7 '5.00'8,56113.56'88.3195.5 192.7)191.1196.4194,4 1 =
' 'Middling....' 17.0 '0.5810.30' ... ' 5.7 1.9 ! ' ' ' ' - !
! "Pailing....." 52.3% '0.2010.14¢ ... ' 6.0' 2,6 ! ! 1 ' !
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Conclusions fron 4 high recovery of the copper, nickel, and
experimental tests: cobalt values wcs made in a2 good grade of

concentrate. The recovery of the copper is
not as good as on the Sudbury ores, probably due to oxidation.
Continuous grinding and flotation tests will be nade, andé the
precious metal values in the flotation products deternined, to
prove whether these values are reporting in the concentrate.
Taking the results obtcined in test no. 2 of Table VIII, determina-
tions made show that 36% of the pyrrhotite in the ore is eliminated
in the tailing and this eliminetion of pyrrhotite, if practically
barren as is the case in the tests on the Sudbury ores, together
with the gangue silicates, is very desirable for subsequent smelt-
ing operations.
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