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ABSTRACT

.This work deals with the technique known as froth
flotation of minerals applied to low grade ores, less than
0.4 per cent copper.

Several different tests were conducted wifh the low
grade copper ores of the Cala Abajo deposit at Utuado,
Puerto,Rico, £o.determiné‘the most suitable particle size
required in the process, pH, time of grinding and condi-
tioning? and flotat‘ion° .Type and qﬁantity of reagent
required to minimize the copper present in the téiiings in
order. to obtain a concentrate of grades between 25 fo 30 per
cent copper were also established. The most suitable or

best condition were determined and the results are dis-

cussed.

viii



CHAPTER 1
INTRODUCT ION

Flotation is a well known process used in the miﬁing
industry for ubgrading of iow grade_breso The basic dif-
ferenge in the use of this process depends on the particular
type of ore to be treated for extraction. The type of ore
determines the grinding operation;xthe conditioning reagents
to be used, thévnumber of flotation cells stép, and finally
the time required to obtain the upgrade conceﬁrrate (1,

2, 3).

1.1 Characteristics of Flotation Process

In the treatment of ores by flotation, it is first
neéessary to.grind the ore to fine-particles, until the
desired locked particles are detached froh_each other. The
pulp, a mixture of solid and iiquid,_is mixed with certain
chemigal compounds byiagitation, and traﬁsferred to flota-
tién machines. In the flofatiénrmachines, air is introduced
by the impellers and dispersed throughout the pulp in the
form of fine bubblesn..The.particles of the desired mineral
" to be. recovered become attaehed‘to the air bubbles and rise-
to the surface of the pulp as a mineral froth. This is
skimmed off ‘and collected as the concentrate. This concen-
traté mnay bé upgréded by'refloatiﬁg,~in order.to'provide‘a

1 -



final concentrate of satisfactory purity for commercial
usage. The gangue minerals in:the rougher flotation stayr
behind as the tailing products. | |

Often it is better to float the gangue ﬁinerals and
recover the valuable minerals from the tailing product.

Due to: the fact tha£ high-g:ade ores are scarcer
than low grade ores, the_flotation process constitutes an
economically feasible method to recover riéh-concentrates
from the low-grade ores.  Flotation is presently the
principal process for £he concentration of sulfide ores
such as the coﬁcentration of chalcopyrite, sphalerite,

galena, etc. (4).

1.2 Flotation Reagents

In the treatment of ore material using the fiotation
téchnique, one of the most important things tb be c§nsidered
is the chemical reagents to be used (5, 6). The use of
these chemical reagents is to make possible or facilitate
the flotation treatment by'modifyihg the surface properties .
of the mineral sﬁrfacesa'.The functibnvbf the feageﬁts is to
produce hydfdphobicity on the mineral éﬁrface, thus pro-
viaing for the mineral to be floated from the pulp (1, 2,
3);’.There are many differen£ products on the market whose
chemical propégties make them suitable to be used as flota-
tion reagentsr(7, 8). According to itslfunction thesé'

reégents are genérally divided into three groups: frothers,



collectors, and modifiers. A brief description of each

group is presented below.

1.2.1 Frothers

The function of frothers is to produce bubbles of
such stability and peculiarities that‘could make poésible
the attachment of mineral particles in their interface.
Frothers are heteropdlar‘organic1compounds (noﬁpoiar hydro-
carbon groups attached to polar groups),  The nonpolar
part is a water-repellent or hydrophobic, and the polar part
is a water-like or h.ydrophilic° Frotﬁers are characterized.
by being strongly adsorbed at the air-liquid interface.
Therefore, this chemical tends to lower the water surface
tension in the pulpoi The froth produced should be strong -
enough to support the weighf of the mineral which is attached
- to it,‘and permit Separation from the pulp. Finally, the
aMOUnt-of frother used ﬁust produce sufficient andfadequate
froth for the operation. This is achieved by proper addi-
tionfof the dosage required° Common frothers used arev
pine oil, aliphatic alcohols, and cresilyc acids. The
.generally used alcohols are those composed of five to eight
carﬁon atoms such as ﬁiked amyl.élcohols;»methyl isobutyl

carbinol, certain heptanol, and octanols.
1.2.2 Collector
In the case of the collector, its function is to

',produée a hydrophobic mineral surface in order to make the



miheral float. -
nonpolar groups. The nonpolar
oriented away from the mineral
repellency,"The nonpolar part

with the mineral surface. The

As the frother,

4
the collector has polar and.
part of the-collector is
and provides the water
is absorbea on, or reacts

nonpolar part of the

collector has an affinity for a mineral or class of

minerals.

Some types of collectors are: fatty acids,

xanthates, dithiophosphate, sulfonated oils, and sulfonated

fatty acids. - For the flotation of sulfide and precioﬁs

metal ores,
used.
1.2.3  Modifier

the xanthates and dithiophosphate are commonly

The modifier,réagent has several different func-

tions, which depend on their use. For this reason,'the

modifying agents may be classified according to their

functions.in»one of the following groups: pH regulators, -

depressant, activator,

sulfidizer,

and dispersant.

~In the case of pH regulators, sometimes it is

desirable to carry out the flotation on the alkaline or acid

side because it may change the

relationship between the

concentration of collector species and the concentration of

heavy metal ions
the influence of

sulfide mine:als

in solution.

Wark ‘and Cox (8) investigated

these pH regulators in the flotation of

with xanthates and other sulfhydryl B

collectors. They found a critical pH value below which the

I



‘mineral Will not float,: This critical pH'value is géing to
’ depend.on the mineral, the coliector, collector concentra—r
-'tion,,and'the’temperathe@ Some §f.the agents used are
lime; soda\ash, and sulfuric acid; Other types of'
.modifié:s,are the depressants: their function is to suppress
the flotation of one minnrag] species while~floating
another. Some of the depressants are: lime, sodium cyanide,
sodium sulfide, and sodium silicate. The fifst two prevent
the flotation of pyrite.  In the case of sodium cyanide it
is a depressant for most suylfide minerals to a leés extent.
An activator is used to reactivate or increase its
susceptibility to flotation, if a mineral has been
depressed, or is not normally floatable.
Invthé'Case of the gangue material{iit is possible
'4to have some material that tends to. flocculate or hold
ﬁogether to the extent that it can interfere with the
flotation of the desired mineralg.'Thus it becomes neces-
sary to applyldeflOCCU1ators or dispersahts°
It is impossible ¢to predefermine the exact amount

éf flotation reagents to be used on the basis of pure
theoretical reasoning. 'This determination is on experi-
mehtal deférminations; the amount of flétation reageﬁts to

be used VarieS_aCC0rdihq to the ore to be beneficiated. -



1.2.4 Other Parameters
Other éspects that must be considered in the flota-

tion processlare the particle size and the conditioning of
the pulp. With respect to the ore particle size, the
minerals desired to be liberated are fonnd imbedded in the‘
_ rock. To liberate the desired mineral particles it is
necessary to crush and gfind the ores°; it is necessary to
keep strict control of‘this operation because undergrinding
con-cause a loss of mineral in the tailing since the
minerals would not be completely liberated. Therefore, the
correct grinding size mustrbe determined by laboratory
experiments. Nevertheless too fineAgrinding'is not
advisablevbecause thé raté of flotation could be drastically
reduced as the particleisize decreases below 135 m'eshr(9)°
Conditioning may be defined‘as a process of coating or
mixing thebore pulp with the reagents to‘create'the neces-
sary conditions required prior to the actual flotation step.
The minerals in somé_ores'nay not respond in the normal way
to'the conditioning treatment, unless the interféring slimes
and soluble salts have been removed. Tne advantages of
desliming are reduction in.reagent consumption, timedof
conditioning, number of flotation cells, and the improvement:
in metallurgical grade of the concentrate (1, 2, 3), |

| In the conditioning step, several variables should
be taken.into-conSideration, sﬁchvas percentage solidé in

the pulp, time of treatment, temperature, intensity of
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treatment, aeration, and the addition order of the flotation

Time @f)@@hditioning is important, Sinée a short
period may not yield the desiréd result and a ibng time Wili
inerease the reagents and power consumed (3). The time
required is felated to pulp density, temperature, intensity
of agitation, and‘spe@d of reaction of the reagent with the
mineral surface. |

In the pagticular case of ﬁhe flotation of cdpper

sulfide ores, such as chalcopyrite, it is treated differ-

association with other minerals, the grade, the occurrence
in the deposit eithe;,disseminated or locked in the coarse,v
and finally other variables that are necessary to be con-

sidered. Therefore, the treatment of each ore is a differe

ent problem from deposit to deposit.

1.3 Previous Works

The existence of some low grade copper deposits in

wit

he

i

entral part of Puerto Rico (Utuado-Adjuntas-Lares)

w -

ttracted American Metal Climax, Inc. (AMAX) to perform

tudies of this area, AMAX sent ore samples of the Cala

R7)]

_ Abéj@Aand Pieéras Hueca deposit to Colorado School of Mines:
Regeargh FQundation in order to conduct moderate amounts of
1abofatory test work to investigate possible applicatioﬁs

of the flotation prpcess for this material. The ore sample.
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treated by the Foundation had a grade that varied from about
0.2 to abou£‘2°3 per. cent fof total coppef and an-oxide
content that varied from about Q,O4'to about 0,28 per cent;
Three principal zones of the Cala Abajo ore were identified
.‘(deteils of these zones are'discussed in the‘next ehapter)
as the "primary zone," the "transition zone," and the.
secondary "enrichmentvzone“ (lO) |

>The transition and eecondary enrichment zones were
initially treated dlfferently with respect to the prlmary
zone, due to the sticky clayey nature of their constltuents°
In these two 2zones the ore samples were initially treated
for sand-slime separation. Each product of the separation
was . then floated separately. inithe case of the primary
zenel it was,processed in a conventional manner without any
prior sand-slime senaration because this zene had no siime
constituents. The average'cepper recovery from these 2ones
- was 90 per cent. Included in Appendix-A are two flowsheets

used for Piedra Hueca and Cala Abajo.

1.4 -Goal and Segpe of the Research

The Mining Cemmission, a governmental agency of the .
Commonwealth of Puerto Rico, started negotiations in 1965
for the extraction and development of copper deposits previ-
ously prOSpected by Ponce Mlnlng (a subsidiary of AMAX) and
-Bear Creek Mlnlng Company (a sub51d1ary of Kennecott Copper-

Corporatlon)°



The mining companies based their teéhnology of ore
beneficiation on a cut-off grade of 0.4 per cent copper.
Therefore, the technological conditions involved in the
recovery of this type of low grade minefals must be estab-
1ishe<i° Based on this assumption, the purpose of this |
investigation was to determine some of these édnditions°

+ The ore samples used in this_investigation were
obtained from cores,drilied by the mining companies at the
CalajAbajo deposit. Since the remittance of ore sampleé by
the Puerto Rico Mining Commission to the laboratories of
The University of Arizona were only representati&eé of
grade ores of less than 0,4 per cent copper, therinvesfiga—
tion only applied to the iow grade oré of less than 0.4 per-
cent.copber;

.The main objectiveiof this thesis is to determine
the most suitable treatment of low.grade ore of leSSjthanA
: 0;4 per cent qopper; To this end, this investigationiwiil
try to minimize the-copper.presentiin the. tailings followingA
a‘suitable techndlogy for obtaining a.concentrate in thé

range of commercial  usage.



 CHAPTER 2

MATERIAL AND EXPERIMENTAL PROCEDURE FOR
THE PRELIMINARY TEST
The description of the material, its location and
characteristic as well as the methods employed in this
investigation and data in copper recovery and tailing is

presented below.

2.1 Location and Description of. the Material

The material investigated in this thesis was
obtainéd from the deposit designated as Cala Abajd, which
is located in the central part of Pﬁerto Rico (Ufﬁado—Lares—
Adjuntas) (see Figufes 1 and 2).

Three principal zones of thé Cala Abajo ore
identified by the Américan Metal Climéx, InceAare;'primary;
trénsition,'and secondary enrichment zones. The upper part
of the ore is highly altered by hydrothermal action and
weathering, and the ore is overlain by a blanket Qf barren,
leached material averaging .30 meters in depth. Beneath
this zone, lies a zone of éécondary enrichment which ranges
in thickness from 5 to 3O.>r-neterso Underlfing this zone i$ a
transition zone which varies greatly in thickness up to.a
maximum of about 100 metérs° This zone grades into the
primary zone at varying dépthso' The ore in the secondary

10. -
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Figure 1. Open Pit, Milling Facility, Smelter, and Sulfuric Acid Plant Sites



18 10
m
N
D
O
Figure 2.

Future
Leach Dumps

Wast
Dump

Mining Site,
Puerto Rico

18 12'30
Waste
Dumps
'iedra
1
Hueca
Pit
e
S
Plant
Site
Waste
Dumps

American Metal Climax Project in

12



13
enrichéd>and transition zones is éompbsed of a poorly
consolidated, sandy, clayey mass of material containing
various copper minerals. Toward the bottom of the transi—
vtional zone, the material gradually becomes harder with
sections of rock appearing, and gradés\into solid rock of
the primari zone underlying it (for more detail see
Figure 3). .

The depoéit of Cala Abajo is'composédiprincipally of
chalcopyrite, covellite, éhalCocite, talc, feldspar; quartz,
and .altered silicate minerals. . The chalcopyrite is found
free and incrusted in the rock. The averége ore grade in
this deposit is 0.819 per cent copper aé determined by the
American Metal Climax Inc. This deposit was divided into
37 sections, spéced at 50 meters in the majority of cases.
From these sections, thé Puerto Rico.Mining Commission sent
29 samples representing:29 sections. Each one of thesé |
Afsamples'is composed of different'depth leveis;including'
samples ffom the surface.

2.2 Analytical Methods Used in the
Present Investigation

The atomic absorption technique was used as a tool
to determine the copper content of'the-ore samﬁles (11)3

The procedure uéed in this'technique is based on the
Vaporizétion of the'sampie and:the aiSSociation ofvthe

constituents of the-sample>by the heat of a flame and
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. Schematic Diagram of the Cala Abajo Deposit Zones
Figure 3
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depends that metalfatoms absorb strongly at discrete
characteristic lines of.the particular metal. S

The discreﬁe wévelength is produced by the so-called
Hollow Cathode lamp that précedes the atomizer: it emits the
spectrum of the metal used to make the cathode. This beam
traverses the flame and is focused on the entrance slit of
a monochromafor which is set to read the intensity of the
chosen spectral line. Liéht wifh this waveléngth is
'absorbed by the metal in the flame and the degree'ofvabsorp—
tién is a function of the‘condentration of?the metal.with
theAsampl_e° Méasurements arerqompared with a standard
calibfation curve and results calculated as ppm and
transformed to percentages° |

7Anothef techﬁiéue used was the iodide (12, 13)
.methoé and the‘procedure for this method is included in
’Appeﬁdix B. | |

The‘analysis‘of each sample which waé sent ffom
Puerto Rico, as well ésrthe analysis of the composite sample
made frbm the mixture of the 29isamples, are presented in -
.Table 1. The~composité sample gave an average of 0.255 per
'.centg Thié_yalue compares favorably with the pef'cent
obtained as an average of results obtained from the 29
. samples: 0.259 + 0.011.

' The oré sampieé alsb included'sbmé amount of oxided-
- copper material, whi;h‘was separated by leaching the ore

sample with 5 per cent éulfuric aCid,Asaturated with 502 for
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Table 1. Analysis of Copper Ore Sample from Cala Abajo
Utuado, Puerto Rico ,

No. Section _ Per Cent Copper
1 ON 0.245
2 50N 0.285
3 508 : g 0.255
4 .200S8 - 0,290
5 300N ' 0.260
6 250N ' . - 0.175
7 100N 0.100
8 150N | 0.125
.9 150N ‘ 0.490

10 ~ 2008 0.370

11 3005 - 0.215

12 ‘ 3508 0.235

13 . 100S S 0.175

14 T 2508 - , - 0.530

15 ' 11508 - 0.245

16 ' 12008 ' - 0.,2075

17 850S 0.410

18 - 13008 - 0.145

19 . . o 2000s 0.145

20 - : .. 950S ' 0.295

21 - 1100s » 0.325

22 800S 0.325:

23 . 900S- - -0.265

24 | 5505 o 0.255

25 - . 4008 0.355

26 . 4508 . ' - . 0.115

27 o 650S ~ B " 0.245

28 ' 500s - 0.095

29 : ' 7258 , 0.280

Other data:

Dilution: 1/2:250 B
Per cent copper (average) = 0.2597
Per cent standard deviation = + 0.011

Composite sample (Head) - h - % Cu

Atomic absorption spectrophotometer > -+ 0.255
Iodide method (this method was used only

to verify the data obtained using the
: atomic absorption) , , 0.252"
~Copper oxide . ; e - 0.028
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a pefiod of one hour (14). The mixture was located in a
glass jar, covered with a rubber stopperél The sahple was
filtered and the liquid fréction waSnsubmitted_to analysis
by the atomic absorption. A result of 0.028 per cent of

oxide copper was obtained.

2.3 Preparation of the Copper Ore Sample for Flotation

The samples were prepéred for flotation following

the procedure (15) described below.

2.3.1  Grinding and Mixing

After finishing the assays of the sections, the
sampie of each section was reduced to mipus 10-mesh on a jaw
crusher: all these sections weré mixed uhtil a composite
sample of the material received'Was obtained. This sample.

‘was divided in groups of 600 grams each.

'203,2. Conditioning of the Samples for Flotation

Six hundred grams of the.composite sémple Were intro-
 duced in.a bali mill that had a diameter of 8 inéhes»and a
critiéal'velocity of 162.5 rpm and an actual operation speed
of 110 rpm. Tb this material.was added 400 grams of watér,
the colleétor, and caiciﬁm hydroxide to condition the |
material.. The sample was ground for six minutes in a ball
mill.. The pfoduct obtained ffom the ball mill was
transferrea tb.é flotation cell (Fagergreen Laboratory Test

Machine, serial No. 173.ST 115),. and diluted with water to
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20 per cent solids. After this, the material was condi—
tioned again with collector and frother for a period of two
minutes, adding at the same time sufficient calcium hydroxide
"until the medium ore was made‘alkaliné,- The material was
floated for six minutes. The pulp in the cell was condi-
tioned fdr one minute and floated again for six minutes,
except in Test 1 this last part was not performed. The

- corresponding flowsheet is presented in Figure 4.

2.3.3 Other Studies

| Scfeen analyses of the tailing were also carried out
and are described in the corresponding chapter. 'Analyses of
the copper.content of concentrates and taiiings were per-
formed by the atomic absorption method to study the yield of

the process.



Legend:

1- Feed

2— Ball mill
3—-Flotation

4— Tailing

5— Screen Analysis
6— Concentrate

7— Chemical Analysis

Figure 4.

Flowsheet for the Preliminary Experiment Test



" CHAPTER 3
PRELIMINARY TESTS

A series of preliminary tests were performed to
obtain the necessary data for the design of the £reatment
for the material received from Puerto Rico in order to
ob;ain a tailing with a 16w copper content and at thevsame_
time-that could'berexploited commércially°

The variables considered were type and quantities
of reagents, pH, time of flotation, grinding, and condi-

V tiohing; " The reagehté used in fhese tests are used
commercially in similar processes. A total of 5 tests were

performed.

3.1 Test 1

Six hundred grams of the composite sample were
introduced into a ball'ﬁili-with»400 grams of water, 10
poundsrof calciuﬁ hydroxide, and 0.05 pounds of sodium
secohdéry Butyl Xénthateé'(collector) per ton of ore. The
ball mill ran for six minutes. The product from the ball
mill was transferred to a flotatioh cell, and. sufficient
water waé added to make 20 per cent solids. The material
was conditioned Qith 0,06-pounds of methyl isobutyl carbinol
per ton of ore»for:about 1 minuted_ Finally, the material
was flbatédvfor abott‘six minutes at an initial pH of 11.1.

20
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The froth obtained was excellent and the final pH was 10.7.

The results obtained are shown in Table 2.

Table 2. Results of Test 1

Distribution

: - Per Cent "Per Cent Per Cent
Product By Weight Copper . Copper
Head ' 100.0 o 0.255 —
Concentrate ' 6.8 - 2.6 72,5
Tailing 93:2 0,072 ' 27.5

- It can be observed from this table that thé concen-
tfate assays 2.6 per cent_co?per and contains 72°5 per cent
of the totai copper. The tailing assayed had 0.072 per cent
copper and cohtained 27.5 pér cent of the total.coppér° The
concentréte was essentially a mixture of copper and iron

sulfides°

'3,2 Teétiz
AThis test-followed'the same procedure as the’first'
tést, except that the ball mill ﬁaé conditibned with 0.05
pounds of potassium amyl xaﬁthaté instead»of'the 0.05 pounds
of sodium secondary>butyl'Xanthate pervton of ore. The

material was floated for six minutes having an initial pH
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of 11. The same frother was‘used as in teét 1. The concén—
trate obtained in.this~part of_test 2 will be called concen—-
trate 1.

By means of microscopic énalysis of the tailing of |
test 1, it was found that the tailing contained frée
particles of chalcopyrite which had not been floated; Thus,
the residue in the flotation cell from test 2 was condi-
tionéd with 0.03 pounds of’potassium amyleanthaté and 0.066
.pounds 0£ methyl isobutyl carbinol per ton of ore for ébout
2 minutes, and proceeding to float the ﬁéterial for six
minutes Iﬁore° The initial pH for this flotation was 10.85.
The concentrate of this second part of test 2 will be called

concentrate 2 (see Table 3),.

Table 3; Results of Test 2

Distribution

. Per Cent Per Cent Per Cent.
Product By Weight Copper : Copper
Head 100.00 0.255 _—
Concentrate 1 7.51 » 2,300 o 71.72
Concentrate 2 3.04 _ 0.310 - 3.78

Tailing - 89.45 10.066 24.50
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From this table it can be noticed that the distribu-
tion of copper is 71,72 per cent of the total copper- concen-
trate 1, and assays 2.3 per'cent of copper. For the Secbnd'.
concentrate, the distribution is 3.78 per cent of the total
copper with a coﬁtent.of 0.31 per cent copper.

If this resuit is compared with the one obtaihéd on
test:l, it can be noted tﬁat-the per cent of copper in the
tailing has diminishéd° Thé presence of iron sulfiderih
this test increased in the second concéntrate perhaps due to

thé slight wvariation of pH.

3.3 Test 3

This test followed the same procedure as the test
before, except that the ball mill was conditioned with 0.05
poﬁnds of sodium di-secondary butyl dithiophosphate per ton
of ore instead of 0.05 pdundé of potassiumAamyl xanthates
per ton of ore. The initial'pH for the flotation was 11.1.

In the conditioning of the residue in the cell, 0.03 -
pounds of potassium amyl Xanthates‘and 0.066 pounds of-methyl.
isobutyl carbinol per ton of ore were used. The initial pH
for this flotation was 10.9 and the time of flotation was 6
minutes. | |

Resulfs are tabulgted in Table 4°

The per cent of disfribution of copper for’thcen—
‘trate 1 in this test was 6450 per cent with percentage of

copper of 3.75: the second concentrate of this test obtained
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Table 4. Results of Test 3

Distribution
Per Cent Per Cent . Per Cent
Product By Weight Copper Copper
'Head 100.00 ~0.255 _—
Concentrate 1 . 4,41 - 3.750 - 64.00
Concentrate 2 4.10 0.350 5.59
Tailing 91.49 0.084 - 29.71

5.59 pér Cenf of distfibﬁtion with a pérqentage of 0.35 ofi
copper.

It can be noticed that the per cent of copper in the‘
tailing increased in comparison to the other tailings. |
Concentrate 1 had an increase in the»pef cent of copper, but

the per cent of distribution decreased at the same time.

3.4  Test 4

- This test followed the same procedure as before,
except that the béll ﬁill ore wés conditioned with 0,02'
pounds of potassium amyl xanthate per ton of ore. . Before
uhdertaking the flotation for concentrate 1, the contents of
‘the ball mill weré conditioned with>0,05 pounds of aerbpro—
‘moter 3501 and 0.044 pounds of methyl isobutyl carbinol per
- toﬁ éf*ore-fqr about l minute,  The acropromoter 3501 has

the property of being collector and froth-forming (6); for
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this reason the quaﬁtity of methyl isobutyl'carbinol used on
this test was reduced in comparison with the ores used
before. The flotation proceeded with an initiai pH of 11
for abdut 6 minuteso'

The rough tailing obfained Qas conditioned with O°01
pounds of ﬁotassipm amyl xanthate and 0.022 pounds of,methyl'
isobutyl carbinol per ton of ore and was floated at an
initial pH of 10.8 during six minutes.

The results obtained are shown in Table 5.

‘Table 5. Results of Test 4

: Distribution
‘ Per Cent Per Cent - Per Cent
Product - By Weight Copper : Copper
Head 100.00 0.255 -
Concentrate 1 8.00 2.280 71.53
Concentrate 2 -1.20 , 0.500 . 2.82
Tailing 90.80 - 0.070 25.65

This table shows a distribution of 71.53 per cent in
the first concentrate and 2.82 per cent in the'second; with
2.28 and.0,60’pef cent of copper, respectively. |

We can notice the resulté.obtained in the concen-

trate increased with respect to the first‘two concentrates
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obtained in tests l‘and 2, but diminished in comparison with
the concentrate in test 3.

The per cent of copper in the tailing diminishéd
with respect to test 3, but did not vary Considerably with
the other two tests° The progress to date has been little,
but we conclude that the per cent of copper in the tailing

will be about 0.06 to 0,07 per cent.

3.5 Test 5.

The pfocedure used in this-test was identical to
~ the last one; except‘that inrthe ball mill the material was
conditioned with 0.0l pound of potaésium amyl xanthate per
ton of ore. The productvof the ball mill was conditioned
"with 0.05 pbunds of aeropromoter 3477 and 0.022 pounds of
methyl isobutyl carbinol per ton of bre for about one
minute. The flotation took place with an initial pH of ll,‘
for six minutes. | |

The rough tailing obtaihed was conditioned with OOOlA
pounds of potassium amyl xanthafe and 0.022 pounds of methyl
isobutyl carbinol per ton of ore for one minute. This
_flbtation ran for six minutes-at’iﬁitiai»pH of 10.8. The
rééultsiare shown in Table 6;;f

The per cent of distributiqn of copper in" concen-
trates 1 and 2 was 58,6"and:7f06 with a pér cent of copper‘

of 4.7 and 0.32, reSpecti&ely, The per cent of copper in
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.Table 6. Results of Test 5

Distribution

‘ - Per Cent Per Cent | Per Cent
Product By Weight Copper Copper
Head - 100,00 ° ~0.255" ~—
Concentrate 1 - 3.70 -~ 4.700 : 68.60
Concentrate 2 ) 5.60 0.320 7.06
Tailing - 90.70 ' 0.068 ' 24,34

S

this test was high gomparablé with the other test, also the
concentrate was Cleah, |

It can be noticed'the per cent of copper in the.
tailing wasikept_approximately'steady which makes us choose
this test to éontinue the final tests where we will try to
obtéih a concentrate of 25 per cent copper[ Which would be

considered of commercial usage.

3.6 Discussion of the Results

" In Table 7 a resume of the experimental reagent, as
well as data in percentage by weight, concentration, and
,distribution_obtained.from the preliminary flotation test
are presentéd° This shows ﬁs that some discrepancy exists
bétween the five tests perféfmed, probably due to the
'selecﬁivity'of each féagen£°> From thisvdbservation it can

be cohcluded'that'tests 2’andv4 show no selectivity, the



Table 7. Resume of Data Obtained from the Preliminary Experiments

Quantity |
(lbs/Ton. : Distribution of
Test Reagents Ore) % of Weight % of Copper Copper (%)
1 Sodium Secondary 0.05 Concentrate #1 Concentrate #1 Tétal Concentrate
Butyl. Xanthates (6.8) (2.6) (75.5)
(G)
~Tailing Tailing Tailing
(93.2) (0.072) (27.5)
Methyi Isobatyl 0.066  Concentrate #2 Concentrate #2
‘Carbinol (F) ( ) ( )
2 Potassium Amyl 0.05 Concentrate #1 Concentrate #1 Total Concentrate
: Xanthates (C) (7.51) (2.3) (75.5)
~ Tailing Tailing Tailing
(89.45) (0.060) (24.50)
Methyl Isobatyl 0.066 - Concentrate #2 Concentrate #2
Carbinol (F) (3.04) (0.31)
Potassium Amyl 0,03
Xanthates (C)
Methyl Isobatyl 0.066

Carbinol (F)

8¢z



<_Table 7,~-Continued Resume of Data Obtained from the Preliminary Experiments

Xanthates (C)

(1.2)

(0.60)

Quantity _ :
: 4 (lbs/Ton. o Distribution of
Test . Reagents - Ore) % of Weight % of Copper Copper (%)

3 Sodium di-secon- 0.05 Concentrate #1 Concentrate #1 Total Concentrate
dary Butyl de- (4.41) (3.75) (69.59)
phiophisphate (C)

» Tailing Tailing
(91.49) (0.084)
Methyl Isobatyl Q0066 Concentrate #2 Concentrate #2 Tailing
Carbinol (F) ' (4.10) (0.35) (29.71)
Potassium Amyl 0.03
Xanthates (C)
 Methyl Isobatyl 0.066 )
- Carbinol (F) '
4 Potassium Amyl 0.02 Concentrate #1 Concentrate #1 Total Concentrate
- Xanthates (C) (8.0) (2.28). (74.35)
- Aero-promotes 0.05 Tailing ‘Tailing Tailing.
3501 -(90.8) (0.07) (25.65)
Methyi Isobatyl 0.044 Concentrate #2 Concentrate #2

Y4



Table 7.--Continued Resume of Data Obtained from the Preliminary Experiments

Quantity _ .
: (lbs/Ton. » : Distribution of
Test Reagents Ore) % of Weight % of Copper Copper (%)
Potassium Amyl 0.01
Xanthates (C) :
Methyl Isobatyl 0.022
Xanthates (C)

5 Potassium Amyl 0.01 Concentrate #1 Concentrate #1 Total Concentrate
Xanthates (C) g (3.7) (4.7) (75.6) ‘
Aero-promoter 0.05 Tailing Tailing "Tailing
3477 (90.7) (0.068) (24.34)

Methyl Isobatyl 0.022 Concentrate #2 Concentrate #2
Carbinol (F) (5.6) (0.32)
Potassium Amyl 0.01

Xanthates (C)

Methyl Isobatyl 0.022

Carbinol (F)

o€
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remaining tests showed some selectiviey, and test 5 showed a

high degree of selectivity>as is illustrated by the results. .



CHAPTER 4
MICROSCOPIC STUDY OF THE TAILING.

The particle sizerof oreito be treated is an
important part of any hydromefallurgical ?rocéés° The
mineral nust be iiberated from the gangue material with the
minimum amount of_overgrinding°¢

To control the overgrinding énd the oversizé,ifhe
ball mill must be operated in avclosed circuit witﬁ a
© classifier ér a screen. The classifief is a device that
separates the ball mill discharge intovtwo portions: the .
finished product, which is ground as fine as desired, and
oversite material.

The particle size of the tailings was determined by
means of screen analyses. To perform these analyses a
sample of the tailing material was shaken on a serieé 6f
screens according to a_certain prescribed technique (16).
The émount,of material remaining’on each screen was weighed
and calculated in percentage of the total sampie,. The
results (either tabulated or plotted) represent the screen
analysis of that particular sample, and they showed fhe‘
size distributiqn of fhe particles within the sample. - When

this was performed, each portion on the screen was submitted

32
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to a microscopic analysis that determined which sizes were
present and their percentages (17, 18).

| Following‘the technique described abo?e, these
analyées were performed to determine the distribution of the .
particles and the desired degree of grinding to which the
ore must be submitted. The results obtained-are expressed

on Figures 5, 6, and 7 with the exception of test 1, which

r

was not performed. The data used in the tabulation of these

graphs are in Appendix C.

4.1 Discussion of the Results
From Figure 7 we can conclude that the distribution

of the particles in the screen analysis of the preliminary
tests was approximately the same with small differences.
Thisicould be caused by the differences in hardness that
exist in the material used. Pictures were taken of each
mésh.size and the éoncentrate for test 5 because this was
the one that satisfied the objectives of the‘preliminary
test (Figure 8). These pictures illustraté‘the degree of
libération of‘the‘chalcopyrite particles, that for this test
‘was fairly high, |

| From this‘microscopic study’of test 5 it was deter-
mined that the mesh size réquired fof the liberation of
chalcopyrite'waé 49.3 per cen£ minus 325 mesh for the‘fééd
_materialbto the roughervflotatiqnc.[This conclusion was‘

reached taking into consideration the three prototypes of
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(a) Test 5, minus 48 to plus 65 mesh, shows
chalcopyrite (Cp) and pyrite (Py) locked in gangue mineral.

Figure 8. Pictures of Screen Analysis of Tailing of Test 5
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(b) Test 5, tailing, minus 65 to plus 100 mesh,
shows chalcopyrite (Cp) locked in gangue mineral.

(c) Test 5, minus 100 to plus 200 mesh, shows
chalcopvrite (Cp) locked in gangue mineral.

Figure 8.--Continued Pictures of Screen Analysis of Tailing
of Test 5
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"~ (d) Test 5, minus 200 to plus 325 mesh, shows
chalcopyrite (Cp) and pyrite (Py) in gangue mineral.

(e) Test 5. concentrate, shows chalcopyrite (Cp),
pyrite (Py), covelite (Co), and digenite (Dg).

Figure 8.--Continued Pictures of Screen Analysis of Tailing
of Test 5
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ores present in the deposit. For the cleaning step, it was
judged that regrinding was required to 100 per cent minus

325 mesh.



CHAPTER 5
FINAL TESTS

After réducing the content of copper in the failingl
in the preliminary'test; the step to be followed is to try
to reach a'concéntrate that can be used commercially
. (between 25 to 30 per cent), in'other words; that we can
use on.future'extractioné'of low grade ore {(less than 0.4
per cent copper). |

If wé tried to increase the concentrate grade of the
preliminary test 5 (4.7 per cent Cu in 22 grams), we could
not reach sufficient quantiﬁy to upgrade the rougher concen-
trate. Therefore it was necessary to quadruplicate the feed
‘of the operation in order to obtain sufficient amounts of
concentfate to perform the required test. Aiso,«due to - the
Ver§ Jow base metal conﬁent it brobablyrwould be necessary
to use two or three stages of cleaners to upgrade ther-
-rougher concentrate.

. The concehtrate-ofvthe_preliminéry test 5 was sub-~
mitted to X-ray diffrabtionk(l9); a certain quantity of talc
was found which could not be determined.

The talc in the ore is naturally fioatable; this
will float with the chalcop_?rite° In generél, in thé |
‘industry this isvdépressedAbefore it is fed to the.flbtation

41
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cell or in the cleaner séction° The talc in this work was
depressed in the cleaner section (3). |

The first test in fhis chapter was made without
depressing the talc, to compare the-effeCt of the depression
of talc with the rest of the tests.

Only the procedure for test 6 will be presented,
.sincé:there is»no différénée among the tests éxcépt the
addition of the depressant_reagent, change ih time of flota-
tion, and conditioning. The quantity and type of reagent,
pH,.time of flotation, time of conditioning for these tests

will be shown in Appendix D.

5.1 Test 6

Foﬁr'samples of 600 grams each were floated indi-
vidually in the same way as on preliminary test 5. The
. concentrate obtained from each sample was mixed using a
screen of 325-mesh, thelmaterial classified in two poftiqns
of plus 325 and minus 325—mesh size respectively. The
pprtion,of plus 325 mesh was intfoduced in the ball mill
With'célcium hydrdxide and P-5 3477, ‘This was left running_
for twelve minutes. The'product that was obtained from the
A ball mill was joined withithe portion of minus 325 mesh and
'cénaitionedyégain-with éaiéium hydroxide for about one
minute, then fiéateqv(cleaner flotation) for'eight minutég;if

at -an initial pH of 12.
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The residue in the above flotation cell (cleaner
tailing) was-conditioned with potassium amyl xanthate and
- methyl isobutyl carbinol for about two minutes. The
flotation (scavenger flotation) took three minutes at an
initial pH of 11.5.

The cleaner concentrate obtained in the cleaner
flotation was floated (re;cleaner flotation) again for six
‘minutes at an initial pH of 12. For the other tests the
time'of.pH will vary. A complete flowsheetvis presented
ianigure 9. The results obtained on this test are shown
in Table 8. | o

'From‘Tabie 8 we notice that the per cent of dis-
trlbutlon was 58 1 -with a per cent of copper of 16.55. As
. we can see the result was poor, compared to the purpose of
this test, probably due to a bad control of the flotation

- and. conditioning; also the pH was too hlgh

5.2 Test 7

As we can notice from Table 9 the results obtained
were depres51ve compared with test 6 because the concentrate
obtained was too low. This probably was due to the use of

the depressant agent.

5 3 Test 8

In Table lO the results were better but Stlll are

low as it keeps feellng the effect of the depressant agent
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Table 8. Results of Test 6

Distribution
, Per Cent Per Cent Per Cent
Product By Weight Copper Copper
Head 1100.00 0,255‘ -;
Concentrate 0°88‘ 16.550 58.1
Recleaner Tailing 1.33 1.560 8,2
Scavenger Concentrate 0.20 2,760 2.2
Scavenger Tailing 5.47 0.200 4.3
Rougher Tailing 92.12 0.074 27.2
Table 9.  Results of Test 7
Distribution
= - Per Cent Per Cent Per Cent
‘Product - By Weight Copper Copper
Head 100.00 00255 -
Concentrate 12.30 5.200 60.8
Recleaner TailingA 2,60 00680 7.4
Scavenger Concéntrate 0.50 2.180 4.6
Scavenger Tailing 3.10 ‘0,168- 2.2
Rougher Tailing 91,00 0.066 zeoorf
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Tablé 10. Results of Test 8

"Distribution
» Per Cent Per Cent " Per Cent

Product " By Weight Copper Copper
Head , 100.00 0,255 ‘ —
Concentrate ’ 1.90 9,550 70.4
Recleaner Tailing 1.60 0,330 2.0
Scavenger Concgntrate 0.30 0.980 - 1.1
Scavenger Tailing | 5.30 0.104 2.1
Rougher Tailing © 90.90 = 2.069 24.3

5.4 Test 9

Test 9 (Table 11) satisfies the objective of the
final tests as the pér cent of éopper iﬁithe concentrate is
25;7° The analysis of the concentrate givés results also of
iron of 21.6 per cent and 18.2 per cent1insolubleo'

It waé not possible to proceéd with more tests
because all the mater;al receivéd from Puerto Rico was
exhausted. |

‘A series of pictures (Figure 10) is presented that -

shows how the product of each flotation step appeared.

5.5 Discussion of Results

The lower recovery levels reported in tests 7 and 8

could probably be attributed to the use of depressants for



- Table 11. 'Results of Test 9
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Distribution
7 Per Cent Per Cent Per Cent- =

Product By Weight Copper Copper
Head 100.00  0.255 -
Concentrate 6.60 25,700 63.1
Recleanef Tailing 0.66 2,000 . 5.2
Scavenger Concentrate 0.42 3.000 5.0
- Scavenger Tailing . 8.52 'O°l74 5.8

‘Rougher Tailing . 89,80 0.059 20.9
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(a) Test 9, rough tailing, intermedia power (3200 M),
shows small particle of chalcopyrite (Cp) and pyrite (Py).

v T— T —

|

(b) Test 9, scavenger tailing, high power, shows
particles of pyrite (Py) with small particles of chalcopy-
rite (Cp).

Figure 10. Pictures of the Products of Test 9
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(c) Test 9, recleaner tailing, shows particle of
chalcopyrite (Cp) and pyrite (Py).

(d) Test 9, scéQenger concenfrate, shows particle of
chalcopyrite (Cp) and pyrite (Py).

Figure 10.--Continued Pictures of the Products of Test 9
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(e) Test 9, final concentrate, shows particle of
chalcopyrite (Cp), covelite (Co), digenite (Dg), and pyrite

(Py).

Figure 10.--Continued Pictures of the Products of Test 9



tale and'the'control of the pH. This observation‘is
-6btained'when the resulﬁs of the abOVe,tests are compared
with tést,6° |

v One desirable feature of test 9 wés the shoft
detection time and the high quality exhibitedlby the con-

centrate. The effect of the other vafiables was minor.
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CHAPTER 6
CONCLUSIONS

The following set of conclusions can be drawn:

.The major 1osSesvof sulfide copper mineral valués

are generally represented by the coarse fraction of
the tailing as is shown in,Figure 8. This is proven
by the facf that when the.slimes'afe.removed from
thesertailihgs and theASands—subjected to_fiotation
treatment a very substantial recovery of copper is
registered in a very short period of flotation time.
The adsorption of collectorron the slimy gangue

causes. the slimes to float along with the concen-

trate.

‘The main effect of these slimes is to decrease the

flotation rate of the sulfide minerals and reduction
of the copper,recovery as is mentioned on page 6.
The?concentrate had a high content of insoluble
material due:to the initial slime concenfration
preéent in the ore. |

A high coppef recovery from the Cala Abajo deposit

is obtained if the ore is ground to 49 per cent

minus 325-mesh for the feed material to the rougher o
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flotation. and 100 per cent minus 325 to the cleaner
secﬁion, |
The principal effect on the flotation step was that
of pH and the reéults clearly indicated that a high
pH,‘about 11, was eséential for.satisfactory‘flota—
tion of the cgpper_sulfide minerals and rejection
of the pyrite. |
The use of only one stage of cléaning would probabiy

result in the production of a concentrate of less

- than the desired copper content and more insoluble

thah;the amount that could be toierated°

It would appear that, considering all the variables,
it would be prudent to use a t&o stage cleaniﬁg'
system;l In this mahner, a greater probability of
consistently maintaining a concentrate of a grade

between 25 and 30 per cent copper would be reached.

The copper grade produced in the concentrate of

test 9 is of acceptable smelter grade.

It is concluded from all the information available,

‘that an ore containing a fairly low copper content

(0.255 per cent“copper) could be concentrated . to

smelter grade.



APPENDIX A

FLOWSHEETS OF CALA ABAJO AND PIEDRA HUECA
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Figure 11. Pilot Plant Scheme for Treating Piedra Hueca Ore
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APPENDIX B

DESCRIPTION OF THE METHOD AND THE PROCEDURE FOR THE SOLUTION
OF THE ATOMIC ABSORPTION SPECTROPHOTOMETER INSTRUMENT
This method dependé on the formation-of cuprous
iodide and iodine when acidified solutions of cupric.salts
Vvare‘treéted with potassium iodide. This method possesses
'the.advantages of being less subject to interfering elements,
a consideration that makes it extremely useful forNthé
analysis of complete materials like copper ores. The most
important interféring substances are oxidesvof nitrogen,
arsenic, and antimony thét réact with iodine. The reaction
‘is usually carried out inAan acetate acid solution, of which
as much aé 50 per cent by volume can be used. An excess of
‘potassium iodide, usually 59 per 100 ﬁi-of solution, is
necessary. Thejtritration of the liberated iodine is
‘carried out with a thiosulfate solution which has been
‘standardized by, titration of a known émount of copper
carried'through the iodine‘method, and starch is not added
until‘most of the iodure has been used up in order to avoid
the separation'of avdifficulty soluble starch—iodiﬁe cém— |

pouhda
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Procedure

One-half gfam of sample was diluted with 10 m1 of
nitric acid and heated gently until the one sample was
decomposed. After this, 3 ml of éldric acid and 1/2 ml of
sulfuric_acid were édded and boiled until the saﬁple dried
totally; in other wordé, that it does not draw out any vapor
of fume. Then 30 ml of water were added and heat'edigu‘rt’ly°
Sufficieﬁt amount of ammonium hydroxide was added until
heavy precipitate waé-fofmed,' Then acidify with 1C ml of
acétic acid and boil for one minute. Finally, amonium
bifluoride was added untii the solution changed to blue;
cle,'and titrate, When the brown tints had nearly dis-
appeared, 5 ml of starch solution Were added and the titra-,'-
tion'was cbntinued until the color changed  from blue to
yeilowish—white°

Analysis for Copper Using the Atomic Absorption
) Spectrophotometer Instrument

One-half gram of the samplé is dissolved in‘5 cc of
nitric acid (HNO3) and boiled for approximately five minutes
‘without léfting it dry. -Thén add 5 cc of hydrocloric acid
~(Hel) and 1 cc of sulfuric acid and boil again untii the
sample dries totally: in other wofds, it does not draw out
any vapor of fume. Then 10 cé of hydrocloric acid (Hcl) is
added to thé sample previdﬁsly pbtainedland boiled for-
appfoximately 5 minutes.withqut 1etting it dry. Finally,

the solution obtained is read in the Atomic Absorption



; *5.91-?‘1f:.3 y ol
spectrophotometer instrument. This equipment was calibrated
using a standard assay by Duval Corporation, Jacobs Assay, 

and Pima Mining Co.



APPENDIX C

RESULTS OF SCREEN ANALYSIS OF THE TAILING
FOR THE PRELIMINARY TESTS
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Table 12. Test 2

. Distribution
: Per Cent Per Cent ' Per Cent
Mesh Size By Weight Copper : Copper
+48 0.60 - _ -
+65 ' i.60 0.095 2.8
+100 | | 5.00 0.068 4.6
+200 . 25.00 0.058 o 19.7
+325 | E 21.05. 0,060 o 17.2
-325 26.75 | 10,909 : 57.2
Table 13. Test 3
: bistribution
o Per Cent Per Cent Per Cent
Mesh Size By Weight Copper ' Copper.
+48 0.5 _— e
+65 2.0 | 0.147 . . 4.19
+100 ' - 6.0 0.105 - 7.18
+200 | 26.2 0.085 ~ 25.38
+325 1400 0.740 o 1l.e1

-325 . 51.3 © 0.088 - 51.44




.~ Table 14, Test 4

- 62

Distribution

Per Cent. - Per Cent Per Cent
Mesh Size By Weight Copper. Copper
+48 0.4 - —
+65 1.6 0.094 2.56
+100 5.8 1 0.074 5.84
+200 27.3 0.072 26.77
+325 13.8 0.056 10.53
-325 51.1 0.078 54. 30
Table 15. _Test 5
. " Distribution
Per Cent Per Cent Per Cent
Mesh Size By Weight Copper Copper -
448 0.4 - -
+65 1.8 0.084 2.86
+100 6.1 0.064 6.05
" +200 30.0 0.056 26.02
+325 13.4  0.056 11.62
~325 49,3 0.070 53.45




APPENDIX D

DESCRIPTION OF THE AMOUNT OF REAGENT AND POINT OF
ADDITION FOR FINAL TESTS
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' Table 16. Test 6

Pulp Conditions

Reagents: 1lb per ton of ore

' % Time . ‘ .

Place Solid (Min.) pH Ca (OH), X - 350 P-8-3477 MIBC A-B-633
Ball Mill 60 6 - 10.0 0.01 — - -
Conditioner ~ 30 2 - - - 0.050 0.022 -
Primary
Rougher : : ‘ ‘
Flotation 30 12 11.1 - 0.005 — 0.022 -
Conditioner 20 1. - 11.0 - 0.005 - -
Cleaner - o :
Flotation 20 8- 12 - - —_ - —-—
Conditioner 20 2 - —- 0.005 - 0.022  --
Scavenger .
Flotation 20 3 - 11.5 - - - —
Conditioner 20 1 - 30.0 ~ - 0.022 -
Re~Cleaner 20 6 12 — - - _ —_
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‘Table 17. Test 7

Pulp Conditions

‘Reagents: 1lb per ton of ore

Flotation

: A 4 Time : -

Place - Solid (Min.,)  pH Ca (OH), X - 350 P-8-3477 MIBC A-B-633
Ball Mill 60 6 - 10 0.01 _— - 0.03
‘Conditioner 30 2 - - - 0.05 0.044  —-
Primary
Rougher '
Flotation 30 12 11.1 - 0.005 _ 0.022 -
Conditioner 20 2 - 12.5 - 0,005 0,044 —_—
Cleaner .

Flotation: 20 5.5 .11.4 - - - 0.022 _
Conditioner 20 2 - - 0.005 - 0.022 _
Scavenger _ A :
Flotation - 20 3. 11.2 - - - - -
Conditioner 20 1 _— — - _— 0.044  —-
Re-Cleaner

20 7 11 —_ - - _ -
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Table 18, Test 8

Pulp Conditions

Reagents: 1b per ton of ore |

, % Time . .
Place Solid (Min.)  pH Ca (OH), X - 350 .P-S-3477 MIBC A-B-633 -

Ball Mill 60 6 - 10 0.01 —_— _— 0.01
Conditioner ~ 30 2 - - — - 0.05 0.044 -

Primary

Rougher ‘ .

Flotation 30 12 11 - 0.005 —— 0.022 —_—
.Conditioner 20 2 —_ 12.5 = —= 0.005 0.004 0.02
Cleaner

Flotation 20 6 12 - - — — —_
"Conditioner 20 2 _ _— 0.005 - 0.022 _
Scavenger

Flotation 20 3 11.8 _ - - - -
Conditioner 20 1 —_— —_ - —_— 0.022 -
" Re-Cleaner .

Flotation 20 3 11.7 - - _— _ _
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Table 19. Test 9

Pulp Conditions

Time

Reagents: 1b per ton of ore

" |
Place Solid (Min.) pH Ca (OH)2 X - 350 P-S-3477 MIBC A-B-633

Ball Mill 60 6 — 10 0.01 - -~ 0.0l
Conditioner . 30 2 —— — - 0.05 0.044 -
Primary
Rougher _ v ' ‘
~Flotation 30 12 11.1 - 0.005 -— - 0.022 -
Conditioner 20 2 - 12.5 - 0,005 0,044 0.02
Cleaner
Flotation 20 6 11.4 - — - - -
Conditioner 20 1 - - 0.005 — 0,022  --
Scavenger -
Flotation 20 5 11.3 - - - - -
Conditioner 20 2 — - - — 0.022  =-

- Re-Cleaner

Flotation 20 3 11 - - —_ - _—
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