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Part 1.

Experiments on the selective flotation of the
copper sulfides from sphalerijte .
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Introduction

The problem of separating the copper sulfide minerals
from sphalerite, in copper - zinc ores, has been a difficult
one, This is largely dug to the lack of adequate researéh and
the small amount of data obtainable on the behavior of copper
and zine sulfide minerals in flotation eircuits,

The faet that caeh Qf the copper silfides react differ-
ently with different reagents has made the scope of this prob-
lem much larger than it was first thought to be.

X The original line of procedure in these experiments was
to selectively separate the copper minerals from the sphalerite
by depressing the zinc sulfide. Further work showed this to be
quite impossible with the preaent knowledge of flotation if
vornite or echalcocite is present., In order to gain & more
thorough knowledge of the iohavior of the copper sulfide miner-
als it was finally found necessary to treat each copper mineral
independently in synthetic mixtures of the mineral and granite,

It is thought that the successful separation of the
copper sulfides from sphalerite might be effected by data ob-
taiued from the synthetic mixturés.

The copper - zinc ore for this research problem was
obtained from the Badger State Mine, Bupte. Kontana, The mix-
ture was complex; beisdes the ordinary siliceous gangue the ore
contained pyrite, chalecopyrite, chalecocite, bornite, covellite,
tetrahedrite, sphalerite and possibly temnantite., A study of
polished surfaces under the mieroscope showed the ore to econ-
tain various intimate associations of the copper minerals.and
sphalerite, Treatment of the ore involves a problem in gring-

ing as well as one of separation of the copper sulfides from
195 /




from sphalerite.

The following tests and experiments were of such an in-
dividual nature that it was *hought best to make conelusions
at the end of each test or series of tests. In view of this
fact these tests are presented in the order in which they wnaé

condueted in the research laboratory.



Experiment 1

The decision was made to first try a bulk flotation on
the ore and determine its behavior in the flotation machine,.
A charge of ore 500 grams, and water 300 grams was plaéed in the
pebble mill and ground for 30 minutes, '

The flotation test was made in a mechanically-agitated
Ruth machine. Terpineol was added as a frother, starting with
0.06 1b, 7 ton and later adding 0,18 1lb. / ton morg< Sodium
earbonate 8 1b / ton and heptyl mercaptan 0,10 1b, / ton -l?
were added to the flotation machine, The resulting concentrate
was heavy in pyrite, copper sulfides and sphalerite. The pro-
cess was truly one of bulk flotation,

Another test was run following this and the same charge
placed in the ball mill with the exception of adding the
sodium ecarbonate 8 1lb., / ton to the ball mill,

: The same flotation machine was used and terpineol 0,06
1b. /7 ton - and amyl xanthate 0,10 1b, / ton added to the mach-
1ne. Unlike the mercaptan this amount of xanthate caused over
collecting and additional amounts of frother weuld not remove
the effects,

Experiment 2

In the light of the nonselectivity of these two tests
it was decided to use potassium eyanide to depress the sphal-
erite. The flotation run consisted of making four concentrates
using 0.01, 0.02, 0.07, and 0,02 1b. / ton respectively of
ethyl xanthate in inereasing amounts as given, Each concentrate
showéd inereasing amounts of pyrite and the last concentrate
was largely pyrite. As before there was little evidence of
any selectivity in the operation.



Experiment 3

Another test was now run using caleium oxide 1.¢ 1b,/
ton, sodium carbonate 4.0 1lb, / ton, and 0.2 1lb, / ton of
potassium cyanide, The reagents were addéd to the ball mill
with the charge of ore, as before, The concentrates were made
with inereasing amounts of xanthate aé before, No apparent
" difference from that of the previous test was noticed. Observa-
tions were made with a binoeulaf microscope.

Tests run similér to0 the preceeding ones substantiated
‘the results already obtained, From these results it is con-
eluded that potassium cyanide does not depreés sphalerite in
the presence of some of the copper minerals., Coarse sphalerite
when pure is one of the least flotable of the sulfide minerals;
but in these tests is shown to be the most readily floatable.
It is assumed from this that the sphalerite has been coated
with copper ions and is really aeting a8 covellite, a very

‘readily floatable mineral,
Experiment 4

Continued experiments for the purpose of finding a re-
egent to depress the sphnlefite were now run, Several tests
similar to the one that follows were run but the results pre-
sented in this one are the most graphie.

The charge to the ball mill was as follows; ore 500
grams, water 300 grems, caleium oxide 4,0 1lb. / ton, potassium
eyanide 0.4 lb.-/ ton, zine n;tratell.o 1b, /7 ton and the
charge was ground for 30 minutes,

The following rea.ents were added to the Ruth machine;
ethyl xanthate 0.05 1b, / ton, terpineol 0,06 lb, / ton, A
rougher concentrate and a rougher tailiqg were made and the pH

4.



of the pulp maintained at 10,6.The rougher concentrate was

put back in the cell and terpineol 0,06 1lb., / ton and potass-
ium diechromate €,0 1b. / ton added, The decrease in pH value
t0 9.4 is due to the aecidity of the dichromate, The cleaner
concentraté was agin recleaned and a recleaner concentrate and
tailing made, The flow sheet is shown in fig. 1.

Table 1 indicates that the sphalerite 1s more readily
floatable than the copper minerals with ehalecocite coming nexty
if an oxidizing agent is used in éleaning. The amount of bor-
: mite present is shown to be very small, The estimated éopper
and zine content is shown to be very close to that of the
assay value presented in table 3., This difference can be acc-
ounted for by the ¥act that a deslimed product was used in
making the briquetted specimens, .

Table 2 shows tie conatituonts of the cleaner tailing

and 1t is guite evident thatftho bornite is depreaaed muoh

more than the other copper minorals. with ohalcooite next in

*3 TEpa R s e ey o

order. 1% was thought that ‘the addition of zinc nitrate would
-racilitate the depression of the sphalerite in a cyanide cir-
cuit. The tests proved this tobe just the opposite and it was
concluded that the oxidation of the copper was too rapid to
allow the zine ion to have any effect., The continued floating
of tﬂe sphalerite ahead of the copper minerals again substant-
iates the theory that the sphalerite is acting as covellite,
It seems reasonable to assume that.aphalcrite cannot
be depressed in the presence of the copper minerals where
cyaﬁide is being used as the depressant and in particular in
the presence of borni?e.

5.



Ca0, 4,0 1b, 7/ ton

Cyanide, 0,4 1b, /7 ton
Grinding Zine nitrate, 1.0 lb, /7 ton

ore, 500 grams

Flotation
( Ethyl xanthate,0.05 1b., / ton )
( Terpineol, 0,06 1b, / ton)

l ,,
Rougher concentrate Rougher tailing
( Potassium dichromate 8,0 1b, / ton)

( Terpineol 0,06 1b, / ton)

|

Cleaner concentrate Cleaner tailing
Recleaner concentrate Recleaner tailing

Fig. 1. Flow sheet of flotation operation, experiment 4.



Table 1
Hieroscopic study of recleaner concentrate, from

a briquettéd specimen,

Free copper minerals:

Chalcocite esccvcnccnncana o 0 o oo 18
‘ | 2

Bornite =-eeewew- o o 2 e 2
Total 20

Free zine minerals:
Sphalerite «--e- - o e P —— 151

Bianary copper minerals:

Chalcopyrite « bornite «wsccencwccccan~ 7
BOI‘ﬂite o 4 Ohalcocite - -~ -y s - o - - 1
Total 8

Ternary copper minerals:
None

Binary copper zine minerals:

Sphalerite - chaleoglite ~ecwmencuccas ———— 4
Sphalerite -~ ohapcobyrite -------- wmm—— 1
Sphalerite - bornite ~wecvwccenvmncwnca- 2

Total 7

Ternary copper zinc miheralaz

Chalecopyrite - sphalerite-~ bornite ~--- 2
Chalcopyrite - sphalerite - chalcocite - 1

Total 3
Pyrite eececcccecnrccnmranr s ccmne. ]
Silicate ===== o o - o o 3

Total -

Grand Total 193

Estimated zine content —wewweee 50 %
Estimated copper content «-ww-- 10 %
%s



Table 2
Mieroscopic study of the cleaner tailing from a

briquetted specimen,

Free copper minerals:

Chaleocite memccmccmcmmccc e e ———— 29
Borniteemcecneccccnnmeeeno .- e o s 47
Chaleopyrite =eememcccecccccrcce e ———— 2

totel 76

Free zinec minerals:
Sphalerite =ececew=- - o e o R 17

Bianary copper minerals:

Chalcocite = bornite =mmmceweeea- m——————— 20
Bornite - covellite =~esccccncrcccccncccnnan 1
Bornite = chalcopyrite ——=mmememccecceaoo- - 25
Chaleocite - chalcopyrite ~e-==v=== - 2t o .4

total 50

Ternary copper minerals:
Chalecocite - bornite - chaleopyrite =—=---- “iiel g
Bornite - covellite - chaleocife «e—eeew=- -

Bisnary copper - zine minerals:

Sphalerite - chaleopyrite -_--;----,,- ----- 1

Pyrite ---~----;----¢-s ----------- cemm——— - 4

Silicates --w==w=~ —— S ——— SN
Grand total 187

Estimated zine content ~ece-- 7 %

Estimated copper content --«-- 62 %



Table 3
Assay values on the products from experiment 4 using

potassium cyanide and dichromate as zine depresaanté.

per cent
Product copper zine welght, grams
Rougher 0.11 3.0 0 428,2
tailing :
Cleaner 37 .2 9.1 A B0
tailing :
Reeleaner 2.8 5.0 ; 8.7
talling
Reclearier ll 04 43 .0 27 .O
concentrate

Experiment 5

Table 4 and 5 shows the results obtained in four tests,
the first two of whieh were. run for the express purpose of
determining the desirable reagent to use as a collector and to
find the smallest amount of cyanide necessary to depress the
pyrite. The desire was to also make some comparisons between
amyl xanthate and amyl mercaptans as collectors.

The ealeium oxide and the potessium eyanide were added
t0o the ball mill and the other reagents fo the 2000 gram Denver
Sub 'A' machine as shown in the tables., In the last two tests
a rougngr concentrate was made, returned to the cell, addition-
al reagents addéd and the cleaner concentrates floated at
intervals after the reagents had been a@ded.

In test 1 the recovery is much better for both copper
and zine than indicated in test 2, Thie shows that the amyl
mercaptan is less desirable than amyl xanthate as a collect-
or for tﬁe copper and zime sulfides, The amount of iron floated
with amyl xanthate is muech in excess of that floated when the
mercaptan is used as a collector, This shows that the amyl
mercaptan is much more seleetive in eo far as the floating of

= G SRR e




pyrite is concerned.

The zine recovery in the first three is much better than
for copper. Wieroscopic examination of the tallings show then
to contain inereasing amounts of copper minerals with increase
of pH from 11 to 12 or over.

The separation of the eopper zine minerals is none too
goo& in any of the tests but a step in the right direction
gseens to have been made when caleium oxy chioride was chosen
as a depressant for the copper minerals. Test 4 shows cleaner
concentrate 1 to contain 14,05 per cent copper and 45,5 per
cent zine which is better than results obtained heretofore,
Perhaps if enough caleium oxy chloride were added to the cir-
cuit and the products cleaned enough times a fairly good separa-
tion could be effected. This is evidence that the sphalerite
is floated ahead of the copper minerals and especialy bornite.
This of course substantiates the theory of oxidation of the
copper minerala whieh in turn produce copper ions to activate
the sphalerite.

1f any of the copper minerals present in the pulp of
{he flotation eircuit were to react with the calcium oxy
ehloride to produce a water soluble copper oxide at the sur-
face of the copper sulfide mineral then the mineral would be
less readily floatable and in réality depressed., 1f this coat-
ing were to dissolve off, ad it is certian that it yould. eoprer
ions would be produced in the flotation eircuit. These copper
jons would replace a zine element at the surface of the sphale~
rite and make the surfase of that mineral into covellite, This
would be the same condition that exists when copper sulfate is
used to activate sphalerite that has previously been depressed
with cyanide ions, This is likely what happens and would seem
& reasonmable ;;planation for the Sohavior of sphalerite in

floatation eircuits containing 28pper minerals,



Table 4

Reagents added to the ball mill and the rougher

flotation cireunit in tests of experiment 5.

Amyl

Test Ca0 XCN Xanthate

1

2
3
4

12
i2
10
10

0.25
0.25
0.20
0.20

0.05

Ethyl Amyl
Xanthate Mercaptan Terpineol
0.06
0.05 -
0.05 .
0.05 =

* These values are for the ropgher circuit only.

1l.

pI*
12.2
12.0
11.8
11,9

The charge to the ball mill was 2000 grams of ore.



Test
Product

fougher
Conce trate

Hougher
Tailing

Cleaner Conce
entrate 1

Cleaner Conce
entrate 2

Cleaner
Tailing

5 1b./ ton of calcium oxychloride mdded to the cell before taking off the first concentrate i:

Table 5

Hetallurgical results obtaine. from tests of experinent

3 a 3 4

Cu Zn Pe Cu 2n P Ou Zn Fe Cn Zn Fe

6.7 21.4 19,5 17.9 2¢.0 15.4

0.25 0,18 5.4 0.00 0,69 7.2  0.34 0.21 9,1 0,13 0.27 5.4
17.1 32,5 8.4 14,1 45.5 6.4
20,2 BU.4 14.3 19.5 17.4 23.1

1.61 1.29 14.8 2,51 1.72 14,5

the roughing operation of test 4.

Copper

1

ez,

Fecovery

uﬂ?a

Zine
Recovery
,u 4 % A REES 4
1’ Mgoo 80,0
{
!
M
- 86,7 17.3 45.1 42,5
51.7 76.0 50.1 50.5
1.5 B.S | : 0.79 1.3

0.2 1b,/ ton of copper sulfate and 10 1b. / ton of ealcium oxide sdded %o the cleaning operation

before taking off tho cleaner concentrate ) in test 3. In test four ethyl xanthete 0,05 1b, / ton

and terpineol 0.12 1b, / ton were added defore taking off clemner concentrate l.

Amyl mercaptan 0.1 lb. / ton was added in the cleaning operstion of test 3 before pulling the

cleaner concentrate 2.

.
@
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Experiment 6

In line with the knowledge gained from the teste in
experiment 4, several tests were run on synthetic mixtureé
of bornite, sphalerite and granite, The small pebble mill was
used for grinding and the small 200 gram Utah type laboratory
flotation machine used in floating the pulp.

In removing the first concentrate the only reazents
added were terpinecl and ealeium oxy ehloride, The resultant
product was a clean zinc concentrate as shown by examination
under the microscope., Upon adding amyl xanthate as a collect-
or a clean copper concemtrate was obtained, In all cases the
bornite was depressed and the sphalerite fioated readily.

With such good results as these perlimenary experiments
a test was run using a 500 granm charge and floated in the
Karaut machine, The ball mill ciarge was granite 420 grams,
sphalerite 40 grams, bornite 40 grams, ealcium oxide 2 lb, /
ton and caleium oxy ehloride 2 1b, / ton, The grinding time
was 1 hour asi@ was believed necessary to have a finer pro-
duet than in past experiments,

The flow sheet of this operation is shown in fig. 1
end the metallurgical results in table 6., It is interesting
to note that 82.4 per cent of the zine is recovered without
the addition of any collector whatsoever and that only 12.,4
per cent of the copper is recovered. The regrind of the rough-
er concentrate 2 was principally for the purpose of bring the
copper minerals in contact with the ealeium oxy chloride for
2 longer lenzth of time and not to make a finer product.

These results are perhaps the best obtained on the
separation of copper from zineso far in these experiments dut

it must be remembered phat the conditions are some what more

ideal than when floating the ore. 12.



Ca0,2 1b, 7/ ton
Grinding Cal0Cls,2 1lb, /7 ton
Grani%e. 420 grams
Bormite, 40 grams
Sphalerite, 40 grams

Flotation
Rougher concentrate Rougher @oncentrate Rougher talling
No., 1 Ho. 2 pH 10,2
( terpineol 0,02 1lb, ( Amyl Xanthate
/ ton ) 0,003 1b. / ton)
l l Y
Zine elegney . Zinc cleaner Ca0Cls, 0.2 1b, / ton
concentmate tailing Regrind CaO, 0.6 1b, / ton

15 minute grind

Flotation ( U of Utah type cell)

Copper cleaner Copper cleaner
concentrate llo.2 tailing.

Fig. 2.~ Flow sheet of operation in tests of experiment 6.
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Table 6
Results from separation of copper and zine sulfides in

a synthetic mixture.

Per cent Recovery
Product Weight Cu in Cu Zn

Zine clesner 42,0 6.55 55,30 12.4 82.4
concentrate

Zine eleaner 14,0 5.69 4,40 3.6 2.1
talling '

Copper cleaner 12.5 46,80 12.50 26.4 8.7
conecentrate

Copper cleaner 25.0 49,20 4,50 55,6 4.0
tailing :

Rougher 400.0 0.12 0.19 2.1 2.7
tailing

Selectivity index of copper to zinc in roughing -- 5.5

" n " " in zine eleaning-3.3

" n " " in Cu eleaning --2,1

14,



Part 2,

Experiments of pare copper minerals in synthetic

mixtures.
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The problem of getting pure minerals in suffecient ;
quantities'has Been almost impossible in so far as the Butte
camp is conecerned, Supposedly pure bornite was found, upon
examinatior under the microscope, to contain either chalco-
pyrite, chalcocite or covellite disseminated through it, A
magnification of 500 dlameters was sometimes necessary to dis-
cern it, The same wasfound to be true of chalcopyrite, chalc-
ocite and covellite; the contamination usually being bornite
or covellite in the case of the chalcocite and the contamine
ation ¢f the chalcopyrite with bornite. The enargite obtained
froﬁ the Anselmo mine appeared quite pure dbut upon further
examination was found to contain fainlets of tetrahedrite, The
enargite from the Badger State mine and the Pilot Butte mine
was more usual!ly contaminated with chalcoecite,

The bornite used in the following tests was obtained
from ldaho and was comparﬁtively pure, The only contamination
besides quartz was small ieinleta of covellite which constit-
uted about 0,5 per cent of the total bulk of sulfides,

The cehalcopyrite used in the tests was obtained from
the United Verde Copper Co., Jerome, Arizona, The impurity
in this mineral was largely pyrite which amounted to about
3.5 per cent of the total sulfides, |

" The enargite used in the tests was obtained from the
2300 ft. level of the Anselmo mine, This mineral was found to
| contiain quartz and pyrite upon perlimenary examination, Upon a
a more thorough study of the mineral under the microscope it
was found to also contain another white mineral which did not
eteh with oygnide as did the enargite. This mineral was in the
rorm“of veinlets and amounted to approximately 15 per cent of

the total sulfides, From the very close resemblance of tetra-

hedritea and gnarsite and the diffieulty with which tetrahedrite
» T



etches the veinlets were assumed to be tetrahedrite. :

The granite used in all the tests came from Butte anﬁ
was free from the copper minerals, The magnetite conatined in
the granite was eliminated by tabling before using in the |
flotation tests, |

Chalecopyrite

The mineral assayed approximately 29 per cent copper
and was ground to 35 / 100 mesh before charging to the ball
mill, The granite was ground to 28 / 100 mesh, The ball mill
charce consisted of granite, 450 grams, chalcopyrite 50 grams,
water .00 grams and calcium oxide and potassium cyanide *o
sult. The grinding time in the pebble mill was 45 minutes.

In floating the above charges the Kraut laboratory mach-
jne was used and the following reugents were added to the mach=-
ine; potassium amjl xanthate 0.02 1lb, /7 ton, terpineol 0,10 lb./
ton. The time of flotation was 6 minutes in all tests,

Zxperirent 1,

These tests were with varying amounte of caleium oxide
whieh were run for the purpose of determining the effect of
caleium oxide or increased alkalinity upon the floatability

of chalcopyrite.
In these tests the inerease in effectiveness of the froth-

er was quite noticable with inerease in pH. The grade of conc-
entrate increases as tﬁe calciuﬁ oxide is increased up to 6
1b. /7 ton but decreases if the calcium oxide is inereased fur-
ther than 6 1b, / ton and up to 16 1b. / ton.

The time of floating was 6 minutes, as mentioned before,
but this was entirely unnecessary except in the case of test

1 and 2. In test 4 three minutes suffices to float all the
ghaleopyrite., The tendency of the coarse material to float

 §
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Fig. 3.- Curve B shows the increase in pH with additions
of calcium oxide to chalcopyrite - granite
mixtures,

Curve A was obtained from the dilution of a
saturated lime solution in amounts equal to the
pulp mixtures of the synthetic ore of curve B.




first was noticable.

The date presented in table 7 shows that the addition of
caleium oxide has no aprarent effect on the recovery of chalco-
pyrife but does effect the grade of concentrate which is perhape
due to the vary;ng degree of effectiveness of the frother with
changes in pH vaiue. Table X also shows a recovery of 97,8 per
cent copper in a circuit with no ealcium oxide added and & recy
overy of 99,3 per cent copper with the use of 8 1b, / ton of
caleium oxide. This is a difference of only 1.5 per cent in the
recovery and might be easily aeccounted for in loss of weight of
the samples or the error that is‘encountereg in assaying a tail-
ing having such a small amount of copper as 0,03 to 0,07 ber

cent .,

Table 7
Metallurgical results showing the effect of calecium

oxide on the recovefy.or chalcopyrite.

1b. / ton : " wt,, grams per cent
Amyl £ |

Test Xanthate !erpineol Cal Com Tailing Cone Tailing Recovery pH
"1 0.02 0,10 0.00 55.0 445 27.63 0.076 97.8

2 " " 1,00 54,0 447  28.83 0.025 99,2
Uy » " 2,00 53.5 445 . 28,64 0,051 o8 ,4
4 " " - 3,00 53.5 447 29.04 0,038 98,7

5 5 s 4,00 52,5 450 29.14 0,063 8.0

6 » : . 6.00 B2.5 449 29,65 0,036 99.0

7 ol " 8,00 54,0 443 28,94 0,025 99.3

8 ” . 16.00 59.5 443 26.22 0,063 98 .2

Experiment 2

These tests were run to determine the effect of potassium
cyanide upon the floatability of chalcopyrite. The ball mill
' 18,

7.5
8.4

10,6

10.9
11,4
11.8
12,0
12,1



charge was the same as in experiment 1 with the exceptién of
the addition of 6 1b, / ton of caleium oxide to each charge
with varying amounts of cyanide as desired.

The Kraut machihe was again used in the flotation tests
and the conditions maintained the same ag in the previous ex-
periment, The same amount of frother and collector were also
used.,

‘ Fig.3 shows the effect of potassium cyanide on the rec-
overy of chalecopyrite in a high alkaline oircuit. The recovery
is shown to beddecreasing in almost a straight line with addit~
ions of potassium cyanide, The mineral)l that was recovered with
the use of 0,60 1lb, /7 ton was very fine and it seems to be true
in most all the tests that the finer sizes are the most diff-
‘ieultly depressed.

Table 8
Metallurgical results showing the effect of cyanide on

the recovery of chalcopyrite.

wt.,, grams copper, per cent
& Selec
Test XCN Cone Tailing Cone Tailing Recovery Indices pH
X C.C B2 .5 449 29.556 0,04 29.0 703 11.8
2 0.1 55.0 465 26,40 0,17 24,8 33,8 11.9
3 0.4 36,5 447 24,90 1,60 55.8 7.4 11.8
4 0.6 31.0 471 14,80 2,32 29,6 3.4 ‘11.8
5 0.8 27 5 473 9.80 2,78 17.0 & o2 1l.8

Fig., 4 shows that the selectivity of the operation is com-

parable to the recovery., The selective indices as calculated for

chalcopyrite to gangue show a decrease from 75.3 to 2.14.,

It is possible that the high alkalinity of the cireult
has a noticable effect upon the depression of the chalcopyrite
in the presence of cyanide ion, At DH 9 it would perhaps take

19.
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2 or 3 times as much potassium oyanide as at pi 11.8 to depress
the chaloopyrite. This is an important factor in the flotation
of chalecopyrite where it is necessary to use cyanide to control
the flotation of the pyrite present, Close control of both

calciun oxide and cyanide appears indicated,

Bornite

Bxperiment 3.

These tests were run for the purpose of determining the
the effect of calclium oxide upon the revovery of hormite in
8 flotation eirouit, Due to a limited amount of bornite and the
imposesibility of obtaining more at the present time it was guite
impossible to run eimilar tests to determine the effect of
potassiun cyanide. |

The bornite used in these toots was Quite pure. The folle
owing sketech is a mierosecpic study of a polished surface . The
blue indicates the velnlets of covellite, the brown the bornite
and the black dlebs quartz,

The bornite was ground %o 28 / 35 mesh and treated with
a 10 per cent potaszium eyanide solution, washed thoroughly, and
then treated with a & per cent hyrochlérlo acid solution, The
~ mineral was allowed to dry without heatirg so as to keep it from
oxidizing as little as possible,

The bdball mill charge consisted of granite 130 grams,
bornite 20 grams, water 100 grama.'nn4 oaleium oxide in the
amounts desired., The grinding time for each charge was 30 min-

utes.

20,
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The flotation was conducted in a 500 gram Denver Sub 'A!
machine and the time of floatins was 6 minutes in all tests, The
following reagents wefe added to the flotation machine; amyl
xanthate 0,02 1b, /7 ton, and terpineol 0,15 1lb, / ton.

Table ¢
¥etallurgical results obtained showing the effects of

caleium oxide on the recovery of bornite.,

1b., /7 ton ¥Wt,, grams ecopper, per cent

‘Test Ca0 Cone Talling Cone Tailing Recovery pH Iigi:gs
1 0.0 19.7 181.0 44.2 1,04 82,7 7.3 11.80
2 1.8 17,8 176.0 40.8 0.28 93.6 Be2 ' 19.9D
3 2,0 23,0 181.,0 44,6 0.27 95.6 0.4 23,50
4 3.,0*% 23,5 174,0 43.5 0419 27.0 10,5 26.90
5 4,56 22,0 177.0 47.8 0.20 97.0 10.8 31.10
6 6.0 27.5 173.5 327 0.24 96.2 11,1 18,65
7 4,0% 28.5 172.0 35.8 0.22 96.4 11.3 19,30
6 8.0 27.5 173.5 34,6 0,28 95,0 1l.4 16.35
9 12;0 27 .5 173.5 33.0 0.46 91.8 11.7 12.18

* The caleium oxide used in these tests had not been left
exposed to the air and’consequently were sﬁronger in their effect
per unit of weight. The air forms a coating of calcium carbonate
on the surface of the caleium oxide which is less soluble in
water and ot‘oourse the effect of the calcium oxide.ie less per
unit of weight.

These tests show that the optimun DH for the flotation
of bornite is around 10.5 to 1l1.0. The Trecovery drops off very
rapidly after this range 1s reached, This indicates a close
control of caleium oxide.if the best results are expected.

The highes selective index coincides with the optimun recovery.
21.



Enargite
Experiment 4.

| These tests were run with the intention of keeping the
conditions as near the same as possible to those in experiment
3 so that a comparison eould be made between the two tests.

In these tests the granite was grouhd to 28 / 48 mesh
and the enargite to the same size before charging to the ball
mill, The following charge was added to the bdall mill; granite
180 gréms. eﬁargite 20 grams, water 150 grams and calcium oxide
as shown in tablé‘lo. The grinding time was 30 minutes.

The reagents were added to the flotation machine as
before and the flotation operation condncted in the 500 gram
Denver Sub 'A! hachine. The time of flotation was again 6 minutes,
: It was impossible to.#eep the frother and collector the
same as in the test on bornite, In test 1 shown intable 10,

0.02 lb.’/ ton of amyl xanthate and 0.15 1lb, / ton of terpineol
were added, The froth showed‘oonditions of over collecting and
- 0440 10, /7 toh of terpineol added. This partially removed the
%effects but was not aﬁff&uiept to completley remove the over
collecting, A thin film of glossy mineral had to be raked away
before thq froth would rise to any extent,

In tests 2 to 9 ineclusive the xanthaie was eut to 0,10
lb, 7/ ton and the trotﬁor maintained at 06,15 1lb, 7/ ton, In tests
2 and 3 the pulp still showed the effects of over oéllecting
and it was not until the flotation had proceeded for over 2 min-
utes that this condition was removed., The troth in both these
tests was rather brittle, In test 4 the froth showed greater
stability and the effects of over collecting was apparently
removed, In tests 7, 8 and ¢ a good rrﬁth was maintained thro-
ughout dbut it was a bit voluminous due to the high pH in the

last tests,
22,



Table 10

Metallurgical results showing the effect of calecium

oxide on the recovery of enargite.

Test Cal ngé. %:??ing Conccogggiingerﬁggztery pH Iigi:gs
1 0.0 18,50 178.0 3.5 0.75 82,06 7.8 11.9
2 0,0 21,00 182,0  27.6 0.87 78.50 7.6 8,5
3 1,0 19.25 180,0 30,3 0,98 77.30 8.4 9.0
4 1.5 18,75 182.8 29,7 1.z2 71,40 8.9 7.8
5 2,5 16,00 184,0 33,3 1.27  67.40 | 101 9.2
6 3.0 13,75 189.0 34,7 1.46 63.30 10.3 9.2
7 6.0 14.25 188.0 27,1 1,96 51,20 11,1 5.5
8. 9.0 10.80 190,85 22,1 2,89 32,10 11,6 3.9
-9 .12,0 10.50 193.0 13,8 3.06 19,65 11,7 2.5

\Table 10 sjows the recoveries to decrease with inereasing
amounts of caleium oxide and incireasing pH, Fig. 8 shows the
recovery to decrease very rapidly between the range of pH 11
and 12 and reaches a minimun of 19,65 per cent in the last test.

The{recovery of 78,5 per cent in test 2 is not good and
unlike bornite the recovery does not reach a maximum for a giv-
en pi and then decrease, but drops off from the beginning. The
poor maximum recovery is likely due to the exceasive sliming of
the enazgite mineral, This sliming is quite noticeable 1n the
se%tling of the tailings. The water in all cases is black from
the finely divided enargite and it was necessary, even with 12
lb, 7/ ton 9r caleium oxide, to add still more flocullating
agent to facilitate settling.

The selectivitey of the operation does not materially
decrease until a pH of 10.3 is reached. 1t appears that the
optimum pH for floating enargite lies somewhere below 7.6.
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This would not seem to be such good practice as the conditions

for maintaining a good froth at that pHare very poor.
Experiment 5

The following tests were condueted to determine the eff-
“eet of potassium eyanide on the recovery of enargite. Again the
conditions during the flotation operation were maintained the
sgme as in the tests of experiment 4. The charge to the ball
mill was the same as the above mentioned tests with the
exception of adding 1.5 1b, / ton of caleium oxide and amounts

of potassium cyanide as shown in table 11,

Table 11
Metallurgicel results showing the effeet of potassium

ecyanide on the recovery of enargite.

Wt., grams Copper, per cent
, Selec
Test KCE Cone Tailing Cone Tailing Recovery pH Indices
1 0.0 18,75 182.b6 29.7 1.22 71.4 8.9 7.8
2 0.1 16,50 181.0 33.1 131 71.8 8.8 9.0
32 0.3 13.50 189.5 27,8 1,78 53.5 8,7 5.9
4 0.5 10,00 190.0 28 .4 2 « D4 38 .9 10,1 5.3

 Phe same machine for floating was used as in the previous

test and thé reagents added to the machine were as‘rollowa;
anyl xanthate 0.0l 1b. / ton, and terpineol 0,225 1b. / ton.

1t was impossible to keep a froth with 0,15 1b, /7 ton
of terpimeol due partially to the low alkalinity of the pulp.
Even with this additional amount of frother a good froth was
not obtained until enough cyanide was added to give a DH value of
10.0., The case of over collecting is even more noticeable than

in experiment 4,
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A possible explanation of the cause of over collecting
with the enargite is offered. The surface of the enargite is
-no doubt oxidized. Upon the addition of small amounts of cyanide
only the oxide coating is attact, but uwpon adding increasing |
anmounts of cyanide the oxide coating is dissolved off and the'
‘sulride surface of the mineral is free tobe attacted by the :
cyanide. This then allows the xanthate to react with the sulfide
surface rather thanthe oxide surface of the enargite,

The problem of keeping conditions unirorm in this set of
teste was quite difficult and was perhaps hot aucoessfully done,
The froth was very poor in the tests using low amounts of cyan-
ide which made it diffieult tq‘rﬁke off the thin film of miner-
al uniformerly without recovering some of the gangue, As the

cyanide amount was increased the froth became better making the

recovery better,

a5,
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