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"Continuous Differential Flotation of the Copper, Nickel,

Iron, Sulphide Cres of the Sudbury District."

INTRODUCTTION.

The Copper Nickel Ore deposits of the Sudbury district,
Ontario, are much larger than any other known nickel-bearing
ore bodies in the world, and their richness, relatively uniform
character and favorable location as regards markets, warrants the
conclusion that the Ontarie Nickel industry has little to fear
from outside competition.

The chief uses of Nickel at present are:-

l. As a component of salloys.

2. As a surface coating for other metals.
5« As a chemical or catalytic agent.

4. As & pure metal.

During the war the demand for nickel was much greater than
the supply, due to the fact that nickel steel combines strength and
toughness to an extent unequalled by any other available metal, and
was thus needed in enormous quantities for battle-ship armor and
similar uses.

This demand ceased with the coming of peace, and left the three
great Canadian nickel producing companies with such large stocks
that operations had to be severely curtailed and prices lowered to
an unprofitable figure, and, as the demand for armor plate is
likely to remain small, the producers have, for several years, been
engaged in intensive research in the hope of developing new uses for

nickel and of cheapening its production sufficiently to make it

available for industrial use on a far larger scale than heretofore.



The first stage in the existing system of treating the
Ontario ores consists in smelting them in the blast furnace, either
raw or after a preliminary roasting. This produces a matte running
approximately 15% to 18% copper plus nickel.

The matte from the blast furnace is then Bessermerized in a
basic lined converter, and the resulting matte contains about 80%
of the total copper and nickel of the ore. The further metallurgi-
cal treatment need not be discussed.

The blast furnace operation is wasteful and troublesome to the
nickel companies, since the finer or dust particles of ore are very
hard to treat, and extensive losses result, and an improvement in
method or an alternative method of treatment at this point, which
would lessen these difficulties and lower the cost would indeed be
welcome.

The fact that Flotation has entered other concentrating fields
with such great success in the last few years, leads one to hope
that it will prove applicable to the troubles of the nickel
companies. The question therefore is this. Are the Ontario Nickel
Copper Ores amenable to Flotation to such an extent that a concen-
trate contalning, say, 18% copper plus nickel can be secured, thus
eliminating the first stage of the present treatment, - that of the
blast furnace?

Such a substitute would enormously decrease the cost of smelt-
ing, giving a correspondingly lower cost of the pure metal.

No operating costs of the nickel companies could be obtained,
but, since copper smelting almost parallels their treatment, a
comparison of costs will be made on that basis.

At the smelter of a large copper company in Canada, the blast
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furnace costs average $2.50 to $2.60 per ton of ore treated,
with straight pyritie smelting.

The cost of the coke alone is 55% of this figure, and
their coke is secured at a much cheaper rate than it can be ac-
quired by the nickel companies, due to their higher freight expense.
The charges on coke delivered at the Ontario smelters probably
amount to $8400 per tom.

A safe figure for flotation would be $1.25 per ton, and with
several large companies the actual cost is far below this price.

Hence, the saving effected; if flotation could be applied to
the nickel ores would amount to $1.25 per ton or equal to the cost
of the coke in the blast furnace operation. This calculation does
not include the difference in cost of coke for the two smelters.

Under present conditions of restricted output, there is little
incentive to employ concentration methods for the nickel copper
ores of Sudbury. Only high grade ores are treated at the present
time and these require little but hand sorting. Lean ores are
left in the mines, but, as the cost of obtaining them is small,
they could probably stand the additional expense of flotation. At
some future date, when the lower grades of ore are reached, the
interested companies will, no doubt, turn more seriously to
flotation as a means of treatment.

A positive gain of this kind would be as beneficial as an
improvement in metallurgical processes for the prevention eof
actual smelting and refining losses, and is quite in keeping with
the tendency of modern metallurgical methods.

This paper involves a discussion of flotation experiments

carried out on the copper nickel ores of Sudbury in the laboratory
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of McGill University with such an end in view, — the elimination

of the blast furnace and the substitution of flotstion treatment.



Part II.

l. Historical Summary of Flotation Development.

2« Theoretical Considersations.
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I. Historical Summary of Flotation Development.

The most ancient method used for separating sulphides from
gangue, was to crush the ore to a suitable degree of fineness in
order to free the sulphide particles from the adhering waste
material. The crushed mass was then subjected to mechanicsal
cperations to separate sulphide from gangue, and the values were
recovered by smelting operations. This method was in use for
hundreds of years.

An advance in the tresatment of certain ores made use of
their magnetic qualities.

Both of these methods had limitations in usefulness and
served &s & constant spur to metallurgists towards perfecting new
processes of treatment.

The knowledge that substances heavier than water would, under
suitable conditions, float on its surface was not at all new. It
was also known that some heavy substances would float on the
surface of water with more certainty than others. The principles
invoelved in this fact formed the basis of a third method of
separating mineral sulphides from gangue as soon as it was recog-
nized that the sulphides would float with greater ease thhan gangue.
From that time on, the word flotation was used to designate the
art and practice of separating gangue and mineral by floating one
away from the other, and its greatest application is in the
separation of sulphide minerals from the waste material.

The actual history of the development of flotation step by
step is not of great immediate interest.

The process developed from the affinity of oils and fatty

substances for metals and metadlic minerals,
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The first record of any attempt to float minerals was in
the year 1860 in England, and since that time the practice has
advanced with increasing success, and ideas on the principles of
flotation have changed seversl times.

At first, oil alone was used, then &ir bubbles were introduced,
followed later by agitation. Thus the modern methods were grad-
ually evolved more by experimentation than by any scientific aid,
and it was only after Flotation was an acknowledged and commercial
success that theories were advanced which seemed to give legitimate
clues to the phenomena.

If, in one patent, namely the Eversoh, the agitation had been
continued longer or had been a little more violent, together with
a slight reduction in the amount of oil used, froth flotation
would have been discovered in 1885, giving proof of the experimental

advance of the process.

II. General Qutline of Theoreticel Considerations.

It has been deemed advisable to make this paper as complete
in itself as possible, within reasonable limits, and since the
wofd flotation, and its practice, is discussed freely throughout,
a concise resume of the generally accepted theory without any
great detail, might prove appropriate.

The paper of H. Livingstone Bulman and the thesis of W.
Erlenborn are used freely in the following discussion.

Surface Tension. -

The most important phenomenon on which the flotation process
is based and which therefore demends the closest study is that of

surface tension.
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The presence of a force on the surface of & liquid can be
clearly demonstrated by such experiments as floating & needle on
water or by sprinkling finely ground particles of a sulphide
mineral on the surface of water. The fine particles remain on
the surface.

In both instances the solids involved are of greater specific
gravity than water, thus showing that the force or surfece tension
of the liquid is of real and perceptible conseguence.

Kinetic Molecular Hypothesis. -

The generally accepted theory of surface tension is based on
the Kinetic Molecular Hypothesis which states, "That gases, liquids
and solids are made up of physically indivisible particles called
molecules separated from one another by distances which are com-
paratively small in solids, somewhat larger in liquid;, and very
large in gases, depending on the conditions under which they exist.
All are in rapid motion, increasing or decreasing with rise or fall
of temperature.

Practical flotation deals mainly with liquids. In these the
mean free path of the molecule is very small, probably not more
than the diameter of a molecule, but at the same time they are able
to move freely amongst each other, giving the fluid its mobile
qualities.

These molecules have a mutual attraction for one another
which is very intense but is manifested over very small distances
only.

The attractive forces exerted in the interior of a liquid on
a molecule, by its neighbors, are therefore without a permanent

resultant which would tend to move it in any direction.



Referring to the above figure the forces attracting the
molecule "C" can be resolved into six general directions - four
in the plane of the paper and two at right angles to this plane.
These forces are perfectly belanced, assuming of course that the
molecule is in the interior of the liquid.

Cohesion. -

If an imaginary plane is traced through the body of a liquid,
the molecules immediately on one side of the plane will attract
those immediately on the other side, with the same force as they
attract their neighbors. This attraction which they mutually
exert across the imaginaery plane is called COHESION.

Surface Energy. -

The above molecule was taken in the body of the liquid. Now,
if it is awsumed in the surface layer, the thickness of which de-
pends on the distance over which the molecular attraction manifests
itself, there is a permanent resultant force attracting the mole-

cule toward the interior.
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Referring to the above figure let "E" be a molecule in &
layer near the surface and let the circle represent its radius
of molecular attraction.

The molecule *E* will attract sall other molecules within
this range. But its radius of attraction cuts the surface at "ST*".

Hence above the surface "ST" there are no more molecules to
attract YE'. The force, therefore, is unbalanced in this direction
by an amount equal to the shaded portion "LMY of the circle, pro-
ducing a downward resultant tending to draw "E* towards the in-
terior. If we take another molecule & little further from the
surface the unbalanced resultant will be less, hence surface
tension is not entirely concentrated at the surface but grades
off towards the interior.,

The foregoing is the simplest possible statement of the
molecular theory accounting for surface energy.

Interfacial tension. —-

Total surface energy is only manifested in & vacuum. In all
practical work the water surface is in contact with air and very
often with solids, other liquids and gases. Thus there are other
molecules near the surface, or at the surface, which may or may
not have attrection for the molecules of the liquid. This will
influence the surface tension. If there is attraction between the
foreign substance and the liquid, strain is decreased, if repulsion
an increase of strain.

Hence the practical surface tension depends on the nature of
the substance or substances with which it is in contact, and this

is known as "Interfacial tension."
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Wetting. -

It was an early discovery in flotation that minerals which
could be floated were not wetted by the liquid to any considerable
extent.

To make this point of wetting cleamarer, - A piece of glass is
heated in a flame so that the surface is absolutely clean. Now
let us dip the glass into water. On withdrawing, it is observed
that the water adheres closely to every part of the submerged
surface, or in other words the glass is "wetted" by the water.

If now a thin film of grease is smeared on the glass and the opera-
tion repeated, wetting will not take place. This phenomenon is
explained by Interfacial tension.

If a foreign body is suspended in & liquid, there is an area
of strain surrounding that body, because at the contact there are
no molecules to satisfy the forces of attraction of the molecules
of the liquid, except those of the solid.

If the molecular forces of the solid are such that their
unbalanced resultant will tend to relieve the strain of the liquid
at the contact then the liquid will be attracted toward the solid
or in other words will wet it. But, if there should be an increase
in the strained area due to the contact of the two substances then
the liquid will be repelled.

Now, in the latter case, 1f a gas is present whose contact
with the solid in preference to the liquid would tend to relieve
this increase of strain, then the gas will replace the liquid at
the contact with solid.

Those minerals whicl are not wetted by water show a great



adhesion or attraction for oils, indicating agein a reduction of
the forces at work at the surface of either sulphide or oil.

Certain conclusions can be drawn from the aboeve discussion.

Every substance shows a preference for certain other sub-
stances. Under ordinary circumstances, sulphides, metals, and
certain elements, show a preference in their contact with oil and
air over that with water. Under favorable conditions, therefore,
air and cil will replace water at their surfaces. Also, water
will replace air and ecil at the surface of gangue minerals such
as quartz, calcite, etc.

The theory of surface tension in the discussion so far has
dealt solely with pure liquids. There are several factors which
may change the surface energy. A change in temperature of the
liquid will cause a corresponding difference in the surface tension,
and it is found that it varies inversely as the temperature. If
the temperature of a liquid is raised the surface tension is
decreased.

Adsorption. -

But the factor %}fecting the greatest change, is known as

Adsorption. This bfings forward the discussion of solutions, or

a liquid in which foreign molecules are preéent.

o P
+O+F0O+0O+0
O+0+0+0+0

O+0+0+0+0+

+ = water molecule

O —_ forel_gn

As previously explained, there is a tendency at the free

surface, for the molecules of the 1liquid to be pulled to the
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interior. Consider the two molecules "0" and "P". Let the
attraction between "0" snd & water molecule "P" be less than the
attraction between two water molecules; hence, there is a greater
force in the interiof of the liquid pulling “P" molecules down,
than there is on "0'. Therefore "0¥ will be virtually pushed to
the surface. Such foreign molecules will concentrate at the
surface of the liquid, and this is known as positive adsorption.

As less work is done in bringing the molecule "O" te the
surface than upon & water molecule, it will there possess less
energy; and, since the foreign molecules displace those of water,
the presence of the former in a surface layer will diminish its
total surface energy, i.e. its tension.

Hence, it is seen that positive adsorption of a foreign
substance in a liquid will lower the surface tension of that
liquid, a most important phenomenon in flotation work.

Negative adsorption occurs when the foreign molecule has a
greater attraction for the molecules of the liquid than these have
with each other, and we have the reverse effect. Few foreign
particles will remain in the surface lsyer and most will concentrate
in the interior of the liquid. Negative adsorption increases sur-
face tension.

What is true for molecules applies to groups of molecules or
small particles, and it is found that finely ground cre tends to
be positively or negatively adsorbed.

Stability of froths. -

Positive adsorption finds its greatest use in stabilizing

a frothe

It is a well known fact that a pure liquid will not produce
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or sustain a froth. If bubbles of air are introduced into a pure
liquid they immediately bresk on reaching the surface.

Let an air bubble be immersed in a pure liquid. A strained
layer is formed around the bubble and when it rises to the surface
this strained srea is carried along. When the bubble emerges, it
does so under a definite set of conditions. There is a force
acting towards the centre of the bubble produced by the surface
tension of the liquid around the bubble. This is opposed and
balanced by the pressure due to the air expansion in the bubble.
But when it emerges this equilibrium is upset due to external
conditions and the bubble breaks because there is ne latitude
within which the forces can adjust themselves.

Now if an air bubble is introduced inte & solution in which
a substance 1s positively adsorbed, it carries the ares of strain
surrounding it, to the surface as in the case of the pure liquid,
but at the surface a different set of conditions exist. As the
bubble tends to expand it pushes up the surface layer as shown in

the diagram.

ZGEN

The force of gravity drains away the liquid between the two
films, thus draining away foreign molecules which were concentrated
there, and increasing the tension on the bubble, keeping it from
expanding to the breaking point.

If the opposite effect exists, i.e. external conditions are

such that the bubble tends to be compressed on emerging, there is
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a greater concentration of foreign molecules due to the contraction
of the bubble, decreasing the strain. Hence, there is a variable
limit between which the energies of the bubble can adjust itself.
On one side is the surface tension of the liquid if no foreign
molecules were at the surface, and on the other side that tension
existing if all foreign molecules were concentrated at the surface.
If the bubble can adjust itself between these two limits it will
persist, and a multitude of bubbles would form a stable froth
holding at the surface any particles to which they were attached.

The foreign substance capable of adsorption necessary for the
production of a stable froth need not always be dissolved in the
liquide Small solid particles may be adsorbed at a surface with
the consequent reduction of surface tension.

So far, the conditions necessary for flotatinn of a mineral
have been discussed. To summarize these, we must have -
(1) A mineral that does not tend to be wetted by water.
(2) The introduction of air to float these minerals to the surface.
(3) A substance present which will be positively adsorbed, thus

stabilizing the froth.

Most sulphides come under the first essential. Air is easily
introduced mechanically giving the necessary bubbles and also in-—
creasing the capacity of a machine due to the greater liquid-air
surface produced.

The substance used for the third essential is oil.
0ils. -

Every oil consists to a greater or less degree of a soluble
portion and an insoluble portion.

The soluble portion of an o0il is positively adsorbed,
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stabilizing the froth. The insoluble portion has two uses. A
small part coats the bubble film and the remainder coats the
sulphides, further increasing their tendency not to be wetted,
and since oil molecules have a great attraction for one another
the bubble of sir and the sulphide will be drawn together with
a greater force than if each were unoiled.
Oils are divided into two general classes:-
l. Those obtained from the distillation of various hard and soft
woods.
2. Those obtained from the distillation of coal.
Pine and eucalyptus oils are examples of the first class.
These constitute the soluble oils.
As examples of the second class we have coal tar and coal tar
products, which are almost completely insoluble oils.
In commercial practice these two types of oils are mixed in

varying proportions.

Flotation Reagents. -
Air is undoubtedly the prime factor in froth flotatioen.

Various reagents assisting the air in its work are, - oils,
organic salts and acids, inorganic salts and acids, and electrolytes,
0ils have been already dealt with. It might be added here that
the soluble portion is the "frother", and the insoluble portion the
“collector".
With respect to the other reagents mentioned, their use is
determined by experimentation.
The principal reagents used are - Sulphuric acid, Caustic
Soda, Sodium Carbonate, Lime, Sodium Sulphide, Sodium Silicate

and Copper Sulphate. Their effect on the ore pulp is either



physical or chemical, depending primarily on the type of ore.
Colloids. -

In general, the presence of colloids in an ore pulp have
proven detrimental to flotation.

One of the factors affecting surface tension is the size
and character of the mineral particle. If the ore is ground so
fine that a portion enters the colloidal state, i.e., a very
fine suspension in the solution, an enormous surface of ore
particles is exposed to the water.

Surface energy is the product of surface tension and ares,
and colloids, because of their enormous proportion of surface ares,
would probably have a greater effect on the surface gquilibrium
than any other substances present. The soluble parﬁicles and
the oil would be adsorbed on the colloid surfaces, and retained,

preventing them from aiding the flotation of sulphide particles.
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PART III.

Commercial Aspects of Flotation.

Position of Flotation in Ore Dressing.

Requirements for Flotation.

Flotation Machines.

Differential Flotation.

Application of Flotation to Ores Other Than Sulphides.

Handling of Froth Concentrate.
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With the basic principles and fundamental ideas in mind
the commercial applications of the process may be more clearly
understood.
l. Position of Flotstion in Qre Dressing.
Water concentration is eminently satisfactory in the treat-
ment of ore containing relatively coarse and granular material
and a light gangue.

Chemical treatment is equally satisfactory when the valusble

G0y SECUFT v Fain
mineral crushes to powder aa? the gangue is not soluble.

Between these two, lies the field for flotation, this method
of concentration being effective both in the presence of a heavy
gangue and with fine mineral.

The modern mill flow-sheet brings flotation into use in
varying degrees, giving:-

l. All-flotation treatment.

2. Primary flotation with secondary water concentration.
3« Primary water concentration with secondary flotation.
4. Primary water concentration; secondary flotation; final

water concentration.

e All flotation is practised only where water concentration is
Mmi»impossible. Such an ore would have a heavy gangue or flaky
minerals. Possioly the treatment of sand and slime would come
under this type.
As a general rule flotation with water concentration is used

in most plants and the sequence of the two is determined by the

type of ore.

=
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Flotation has its limits in the size and types of ore it
can treat and probably will never displace water concentration or
Chemical methods entirely.

It is not effective on material coarser than 4C wmesh and is
not very satisfactory for material which approaches the colloidal
size.

*Types of Commercial Processes.

In considering processes which have been commercially
applied, four main types are noticed:-
1. Oil-flotation, such as the Elmore Bulk oil process.
2. Gas-froth flotation, exemplified by the Potter-Delprat process.
5+ Film or skin flotation, such as the McQuisten tube.
4. Air froth flotation, M.S. and Elmore vacuum.

Mill practice today deals wholly with air-froth flntation.

2+. Regquirements for Flotation.

Mineral froth flotation is carried into effect by the
following series of operations.

l. Reduction of the material to the necessary small size
and the preparation of the aqueous pulp.

Flotation is not successful on particles larger than about
40 mesh, and in particular is good for the recovery of material

which must be ground to 80 - 120 mesh for their releasse from

gangue.
Flotation also requires a definite mobility of the particles

in the aqueous pulp in which they are bornf/experience indicating

that with sandy material a liquid solid ratie of 5¢5 ¢ 1 and with

8lime a ratio of 7 ! 1 are suitable dilutions.

*Truscott's Text-Book of Ore Dressiry.



2« MNixing with the contaminating agents.
3« Introduction and sub-division of the air.

4. Collection and handling of the resultant froth.

3. Flotation machines.

The apparatus in which air is introduced and sub-divided
and the mineral laden froth is formed and collected, is the
flotation machine.

Mixing with contaminants takes place either in this machine,

or previously in & separate apparatus.

There are three main types of flotation machines -

The first, that in which mixing and aeration take place
together and by means of a fast revolving impeller; these being
known as mechanical machines.

The second, in which the fine division of the air is accom-
plished by forcing air through a porous bottom, the mixing having

taken place previously in & separate vessel; these being pneumatic
machines.

Thirdly, a machine in which, after separate mixing, aeration
takes place by the entrainment of air as the pulp falls from one
separating vessel to another; these being Csscade machines.

Mechanical machines. -

This type is the most widely applied of the three described
above, and was also the first type introduced, the most commen
example being the Minersls Separation (M.S.) standard machine.

A discussion of this machine will be omitted here since it is
described later in this paper. The commercial machines have

an agitation box 18" - 42" square and 24" - 60" in height and
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having in front a frothing chamber rectangular in plan but
triangular in side elevation. The impeller is 12" - 14" in
diameter and is rotated at 250 - 35C revolutions per minute, or
an average peripheral speed of 1500 feet. A machine of 15 cells
will treat about 400 tons per day.

In the Minerals-Separation sub-aeration cell the agitation
box is, itself, in its upper portions, the frothing chamber, the
necessary quiet conditions being secured by introducing the air
through a pipe far below.

Another mechanical machine, the Janney, has a frothing chem-
ber on either side of & central sgitation compartment wherein
two impellers on the sane spindle are directly driven by a
motor above sucking pulp equally from the bottoms of the two
frothing chambers and throwing it inteo them again from the top.

Other mechanical machines are modifications of these types,
and we have such cells as the Ruth, Groch, K & K machine, and
Rork, the last two named being horizontal shaft machines as
opposed to the vertical shafts of the other types.

Pneumatic machines. -

The principal type of this class is the Callow cell, which
consists of a rectangular box about 2' wide and 8' long with a
sloping bottom, the depth being about 20" at one end and 45" at
the other. This sloping bottom is not solid but of & porous
material, generally of closely stitched canvas held between wire
netting. This porous bettom is the cover to an air bex into
which & blower delivers air at about 5 pounds pressure. In con-

sequence of greater depth, the hydraulic head under which the air
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issues at the deep end is greater than at the shallow end. To
equalize the flow of the air under these conditions, the air box
is divided into compartments, each separsately served from the air
main, the amount of air passing into each being regulated by a
separate valve. The shallow end of the box is the feed end;
upon entry the feed is directed downwerd to the air mat by a
baffle, passing below which it meets the flood of rising
bubbles, the sulphides attaching themselves and rising to form

a voluminous froth, the gangue particles continuing down the
slope to pass out st the deep end through an automatically con-
trolled discharge. The froth so formed, building itself up from
vbelow, eventually overflows, a discharge lip running the greater
portion of one side, falling into a lsunder.

In this machine the water level and depth of froth are
matters of more than ordinary moment. The bubbles which rise to
the underside of the froth always carry some gangue; being
relatively weak and brittle many bresk, but the rate of arrival
being greater than the rate of breaskage the froth as a whole
rises. At each brea&, a load is shed, the mineral particles
attaching themselves to other bubbles and rising again, the
gangue particles losing hold. Accordingly the higher the
bubble, the cleaner the load.

The capacity of the machine described would be about 50
tons per day.

The Inspiration machine consists of the division of the

pneumatic mdchine inte meny separate cells.



Cascade liachines. -

Cascade machines make use of the power of a moving stream
or jet of one fluid, to carry forward by friction an amount of a
surrounding fluid. Thus a streasm or jet of water entering quiet
water takes air with it, introducing and distributing this air
by virtue of its kinetic energy.
Comparison of Machines.
Flotation machines must secure the following conditions
to operate successfully.
l., Mechanical emulsification of the insoluble contaminant if
any be used.
2. Distribution of the soluble contaminant.
3. Entry and minute sub-division of the sir.
4, Contact between the contaeminated minersl particles and
minute air bubbles.
5. Ready flotation of the loaded bubbles and quiet fermation

of froth.

wWith respect to these conditions, the mechaniecal machines
gecure the complete emulsification of the insoluble contaminant,
bringing into solution &t the same time any soluble fraction
asscciated with it; they alsc attribute the soluble contaminant
rapidly.

The minute division of air is accomplished perfectly and
the violent agitation multiplies also the opportunities for the
essential contact of mineral and air bubble, hence the bubble
efficiency is high. With the sub-aeration type, the supply of

air is more abundant, the froth in conseguence more voluminous,



-25=

and the bubble efficiency lower.

With contaminants suitable to each of the above types, the
standard machine tsking in &sir at the top produces & less
voluminous but stronger froth capable of retaining relatively
large and heavy particles, while the sub-aeration type produces
a froth which in abundance and frailty is more suited to a
fine material.

With pneumatic machines, aerstion tskes place after
previous mixing in some pneumatic apparstus such as a Pachuca
tank which is unequal to the adequate emulsificetion of thick
insoluble contaminants. The freth is voluminous and frail in
character, hence favours the flotation of fine mineral.

Compared with the ﬁzo previous types, Cascade meachines are

gentle in operation and are only equal to raising minersl which

is readily floatable.

4, Differential Flotation.

Differential flotation takes advantage of the different
floatabilities of minerals, floating one mineral ahead of
another and subsequently floating the second minersl. Differ-
ential work differs little from ordinary "Collective" flotation
except that the differences in flotation are finer, and the
operation more delicate.

Differential flotation may be applied either to an un-
dressed ore pulp or to & collective concentrate obtained from a
previous fleotation and may be secured in twoe ways, -

By (1) Normal Differentisl flotation.

(2) Inverted Differential flotation.
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Normal Differential Flotation.

The idea of floating sulphides successively in the order
of their floatability was first used at Broken Hill in 19153,

Galena and sphalerite have been floated differentislly
in the Coeur d'Alene district by using a small amount of
effervescing agent to float the galena, and then in another
machine a selective agent and copper sulphate to raise the
sphalerite.

Differential flotation effects the separation of
chalopyrite from pyrite and pyrrhetite.

Water concentration is not of much use in separating
these three minerals since their specific gravities are very
near one another.

Inverted Differentisl Flotation.

Differential flotation is also possible by so altering the
surface of the more floatable sulphide that it, and not the less
floatable sulphide, will sink. Such a reversal of normal pro-
cedure may be brought about either by (1) fractional roasting,
or (2) fractional hydro-chemical action.

Fractional roasting is the basis of the Horwood process
which makes use of the fact that some sulphides are more
readily oxidized by roasting than others. Galens can be
roasted more readily than sphalerite.

The great bulk of the lead when roasted is changed to
lead sulphate, the zinc remaining unaltered.

The roasted mass after cooling is treated in flotation

cells, the sulphatized galena sinking.
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In general the fractional roasting processes depend upon
very careful roasting and cooling in which the temperature range
and the rate of feed are all important factors.

With respect to hydro-chemical differential processes, it
has been shown that ferric chloride in solution, and under con-
ditions which left the blende unaffected, was capable of so
altering galena that subsequently it would sink while the
blende floated. The idea has never been commercially applied.

It has been proposed to deaden galena in the presence of
sphalerite by digesting at & temperature of about 140° F.
with a 0.2% or 0.5% solution of Potassium Dichromate, a
chemical which will also deaden pyrite to make it separable
from copper pyrite.

The cost of chemicals prevents the commercial adoption

of these chemical differential processes.

5+ Application of Flotation to Ore Other Than Sulphides.
pHxidized Ore.

Ores in this class are copper silicate, copper carbonate,

lead carbonate, cassiterite, etc.

Oxidized ores nave never been readily floated, and in
most cases they will not float. Research has been carried out
to some extent on these ores and it was found that by "sul-
phidizing® the surfaces to a degree approaching their original
sulphide state, they could be floated more or less easily.

This was accomplished by using Hydrogen sulphide as &
sulphidizing agent and was quite successful in procuring a good
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grade of concentrate with good extraction, but the use of H2S
was unpleasant and dangerous.

Sodium Sulphide was used as a substitute for HpS and has
been commercially applied &t Bisbee, Arizona, in the treatment
of Lead Carbonate.

Gold Ores.

The Minerals Separation Co. have investigated the
feasibility of applying flotation in the treatment of gold on
the Rand in South Africa. They have demonstrated the efficiency
of the process with ordinary milling conditions and the ore
ground through an 80 mesh screen, and treated in a 4 : 1 pulp.
Special reagents were necessary. (Min. Journal, Jan. 21, 1922)
Coal.

Flotation has been used to separate ash from low grade
coals. A number of tests were carried out, resulting in the
following conclusions.

l. Coal slime does not concentrate well and the process is
limited to the treatment of mere granular material.

2. Pure coal is easily floated.

3« Cleaner flotation is obtained when coal is in angular
fragments.

4, In the grading of coal into clean coal, bone, bituminous
shale, and free ash, careful control and the use of

differential methods is necessary. (Chem. & ietall. Eng. 1922)

6. Handling of Froth Concentrate.

The froth as it overflows from the flotation machines is

sticky and voluminous, and either brittle or tough, depending
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on the type of flotation cell.

Water jets playing on the launders serve to break up the
froth as well as carry it away.

Since smelters penalize concentrates which contain much
moisture (more than 10%) it must oe dewatered. This is
accomplished by intermittent settling and decantation, or
thickening followed by filtration.

Intermittent settling is carried out in large tanks
where the concentrate is allowed to settle for some length of
time.

Continuous settlement is accomplished by Dorr Thickeners
which bring the settled material to the discharge as fast as
it settles.

Filtration is effected by such mechanical appliances as

the 0liver, American and Portland filters.,
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(a) Microscopic Examination.
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Discussion of Erperimental Work.

Conclusion.



l. TIhe Ore.

The ore used in the experimental work came from the
Worthington Mine, in Ontario, and was very raw in metal con-
tents, averaging approximately 1l4% Copper, 1% Nickel and
15% Iron.

The ore minerals are chalc®pyrite, pentlandite, pyrrhotite
and pyrite with imorite as the gangue. Chalc@pyrite is the copper
bearing sulphide, containing 3%.5% Cu. Pentlandite is the nickel
sulphide containing 22% Ni., and pyrite and pyrrhfitite are the
iron sulphides.

The character of the ore may be described as more or less
rocky, being always accompanied by fragments consisting of n&@rite,
greenstone, quartzite and granite. Hand sorting of the ore

eliminates a great deal of this waste material.

1. (a) Microscopic Exsmination. -

A study of thin sections of the ore showed that the sulphide
minerals were scattered throughout the narite. Pyrite and
pyrrietite were nearly always in contact and the chalcapyrite was
always associated with more or less pyrrhatite.

The ore was low in grade hence the chalcapyrite was scarce
and the pentlandite even more so. In fact, only one piece of
the nickel sulphide was spotted and it was in association with
pyrrhatite.

It was noticed that the sulphides and the ns&rite were not so
intimately mixed that grinding would not separate them. The rock

did not penetrate all through the ore minerals, which would
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render very fine grading necessary for their separation, but
rather, each was separate froem the other and it was estimated
that by grinding the ore through 6C mesh most of the sulphide
would oe separated from the gansue. From this knowledge a 6C
mesh screen was used in the Huntingdon Mill.

2. M.S. 10-Cell Machine.

The continuous M.S. machine was built in the laboratory
of McGill University. Each cell is of the standard M.S. type,
consisting, as shnown in the accompanying cross-section (Plate 1),
of an agitation box 44" square and 134" deep, with a 4" Howard
impeller revolving in this box 4" from the bottom. The
spitzkasten is built on the front of the agitation chamber, and
is 44" wide at the top and is narrowed in size at the bcttom on
three sides, the side next to the agitation chamber veing vertical.

The discharge from the agitation box to the spitzkasten
consists of 3 one-half inch holes bored at an angle of 459 and
sloping towards the front of the spitzkasten. These holes are
bored close together and in the centre of the chamber.

The bottom of the spitzkasten is 2" lower than the bottom
of the agitasion box and, in the one cell type, the two are
connected by a 3" lead pipe as shown.

In the one cell machine the impeller revolving at 1C00
R.P.M. (approx.) beats air into the ore pulp in the agitation
chamber by forming a vortex and cascade effect, in which air
is drawn from the surface and entrapped by the liquid. The
necessary oil and reagents are added in the agitation chamber.

Due to the centrifugal force caused by the rapidly revolv-

ing impeller, the pulp is forced through the slots into the
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spitzkasten. The slots are bored in a downward direction
which allows the bubbles of air with their attached sulphides
to rise to a quiet surface where the froth can be skimmed off.
Any particles that sink to the bottom of the spitzkasten are
drawn into the agitation chamber again through the connecting
pipe, by the suction of the impellers, and retreated. Thus
there is a continuous circuit of the ore pulp from the agita-
tion box to spitzkasten and return.

In the ten-cell continuous machine the operation is the
same as described above, with the exception that the pipe
from the bottome of one spitzkasten leads to the bottow of the
adjoining agitation box, and so on, causing the pulp to travel
from the first box, through each cell to the other end. The
discharge from the last spitzkasten constitutes the tailings
and is run to waste.

A front view of the laboratory machine is shown in Plate
2+ The front wall of the 10 agitation chambers is shown at "A".
The impeller driving rods can be seen in their respective
agitation chambers.

The spitzkastens shown at "B" are eight in number and
jointed to "A". No spitzkastens are affixed to the frrst two
boxes since they are used solely for agitation.

The froth collecting launder "C" is attached to the front
of the spitzkasten and is divided into & water-tight compartment
for each cell. The froth may be collected from each box by the
gseveral hose pipes, or all run into oné tub. The last compart-

ment "G" of the launder is connected by pipe "4%" to the bottom
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of the second agitation cell. The last gspitzkasten is alllowed
to overflow and the suction of the impeller in agitation box
"2" draws the overflow through "G" and "H' inte that chamber.
The height of the liquid in "G' regulates the level of the
first spitzkasten, and this overflow into "G" is controlled by
the tailings valve "F¥,.

For example, if the froth is low in the first spitzkasten,
the level can be raised by shutting off the tailing valve a
small amount, and causing more water to overflow in "G". Any
pulp that comes over is drawn back to cell "2" and retreated.
If desired the product of the last three spitzkastens can be
retreated by making the necessary pipe connections.

The continuous feed enters the first agitation cell where
the oil is also added from the oil feeder "K". It is drawn
by suction to the next chamber where it is further agitated, and
in the third cell the first froth is skimmed. The pulp psasses on
through the machine, being treated in each cell, and the tailings
discharged at "F".

The 1l0-cell machine is 5'4" long, 5' high and 2' wide at
the top, increasing to 4' at the bottom. The impellers are

driven by a 3 H.P. motor.

3« Accessory apparatus.
l. 0il Feeder.




The oil feeder ("K" in Plate 4) works on the siphon
principle. A glass jar (a) holds the oil. A cylinder made
of tin and having a conical water tight bottom, flosats in the
oil. Two tubes (c) and (d) made of small copper tubing are
attached to the outside of this cylinder and on opposite
sides. Both tubes terminate in needle sized openings. Lead
shot or other similar material is placed in the bottom of
cylinder to weight it down.

0il is added to (&) until the surface is higher than
the end of the tubes (c) and (d).

By causing suction at (8), oil is drawn through the
tube (c¢) and will continue to run so long as there is a
difference in head. By moving the shot (e) from one side to
the other the head is changed and thus the flow can be
regulated. One tube only is used to add oil to the machine.
The other may be used if desired but it serves mainly to
balance the feeding tube (c) .

The connections between one spitzkasten and the next

agitation chamoer are shown at "E'.
The level of the pulp surface in each spitzkasten mgy

be adjusted by the screw valves "D",
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g
This valve consists of two plates with square openings.

The bottom plate is fixed and the top plate slides over it,
operated by the screw head D. The movement is in a diagonal
direction, so that the opening is always square in shape.
This opening regulates the amount of pulp drawn inte the
next agitation champer.

This oil feeder has proved a very satisfactory method
for constant continuous feeding.

The wieght of the oil drops were taken at different rates
of flow and it was found that the weight of the drops increased
in direct proportion to the number of drops per minue. This
is shown by the straight line in Graph 1.

Graph 2 shows the relation between the amount of ore fed
to the machine and the drops of oil, and gives a direct reading
on the amount of oil added per ton of ore. This graph saves
a great deal of calculation throughout easch test.

G¥eph 1 was used in the calculation of Graph II since there
was & difference in the weights of the drops at different rates
of flow.

2. Gyratory Crusher of the Comet "A" type was used for

the preliminary breaking of the sacked ore.
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3« Rolls, size 10" x 16" were used to crush the ore after
it had passed through the Gyratory crusher.

4. A Huntingdon mill capable of grinding approximately
1000 #/ hr. through 60 mesh ground the ore after it had passed
the rolls.

5. Settling cans were used in order to decant the excess
water in the pulp after grinding.

6. A centrifugal pump driven by a 5 H.P. motor transferred
the pulp from one point to another.

7+ Pachuca tank.
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The Pachuca tank provides the necessary agitation of the
ore pulp with the chemical reagents, at the same serving as a
container in which the pulp may be diluted to any desired ratio.

The tank has the general form shown in the diagram. An
inside pipe constitutes the air lift. This pipe is connected
to an air pipe and is supported 6" or 8" from the bottom of the
outside pipey Thetop end extends to the cylindrical portion of
the tank. By blowing air through the inside pipe the pulp is
forced to circulate through this pipe and down between the
outside and inside pipes.

The pulp is usually agitated with chemicals at an L : S
ratio of 2 ! 1. The most efficient dilution for feeding to
the feed cone of the machine is 5 : 1.

The tank has been calibrated to give the weight of water
at different levels in the tank, as shown in the diagram. This
information is collected in Graph 3. Knowing the weight of ore
in the tank the desired quantity of water for any dilution can
be calculated from this graph.

Plate 3 shows the connections between the Pachuca tank and
the flotation machine.

The flow of pulp from the Pachuca is controlled by the
valve on pipe A. The pulp is discharged intec the feed cone B
where it is diluted to any desired pulp ratio by water added
through the velve "C%, An arm is attached to the valve, which
may be set at any mark on a graduated brass plate.

The pounds of water delivered per minute through this

valve has been accurately calibrated for each graduation, and
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the results platted in Graph 4. Hence the graduation for any
desired amount of water can be read directly from the curve.

The pulp passes from the cone to the first cell by means
of hose ®"Dv,

The 3 HsP. motor driving the impellers is shown at "E".

The preliminary crushing of the ore consists in breaking
to #* in the Gyratory crusher and feeding this size to the
Rolls, reducing in two stages to §". This size is fed to the
Huntingdon iill. Approximately 200# of ore is used per test.

In order to more clearly demonstrate the preliminary
treatment of the ore a flow sheet has been arranged in Plate 4
showing the operations from the time the ore is fed to the
Huntingdon Mill until it passes to the flotation machine.

View No. 1 is the Huntingdon Mill. The ore is ground till
it passes any desired screen size and the pulp flows by 8ravity
to a cone (2), serving as a constant feed to the centrifugal
pump operated by an electric moter at (3). This pump elevates
the pulp to a settling cone (4) where the ore is allowed to
settle for some hours. The clear water is siphoned off by a
apecial arrangement of controlling valves on the cone. This
leaves the pulp in the bottom of the cone (4) at a L : S ratio
of approx. 1 : 1l.

This is fed back to the pump and elevated to the Pachucsa
tank, the &air being first turned on at the bottem, so that the
pulp is agitated from the time it enters the tank, and is not
given a chance to settle. Reagents are added, and at the

completion of the period of leaching, the pulp is diluted to

any desired ratio.
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A pipe and controlling valve, shown in (6) allows the
pulp to flow inte the feed cone of the Flotation machine from
whence it is fed into the first cell.

Operation of the liachine.

The cells are first filled with water, and the motor
started, the impellers revolving &t approximately 1000 R.P.M.

The feed cone is filled with water to a certain point
determined by a float, the feed water added in the desired smount
through tne calibrated valve, and the pulp from the Pachuca added
to the feed cone in such an amount that the float is kept con-
stantly at & certain mark.

After the pulp is fed to the first cell, the 0il feeding
is commenced. (The oil must not be added before the feed is
started, since this would cause the Raw oil effect and would
kill the froth for some time.)

While the pulp is progressing to each cell in turn, the
overflow is regulated to keep the pulp surface in the first
spitzkasten at the proper level, and adjustments relating to the
level of the froth in each spitzkasten are made by the thumb-
screws D (Plate 2).

When froth appears on all the spitzkastens and the surface
of feed-cone pulp is at & constant level, the froth is skimmed
from all cells, the time taken, and the test started. The froth
ijs collected in tubs. Ten second feed and tails samples are
tsken at five minute intervals.

When the test is finished the time is again taken, the froth

akimmed off, and the launders washed down. The feed sample is
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dried and weighed. From the two weights, the pulp ratio of the
feed can be calculated, and also the dry ore fed per minute to
the machine.

The products are dried and the concentrste weighed in order
to compute extraction. The feed tails and concentrates are
assayed by the method described later in the paper.

In order to show the various computations and the method
of taking notes during a run, test #43 will be taken as an

example.

lest # 43,
170# of ore through 100 mesh in Huntingdon ikill.

Traensferred froem cone to Pachuca tank.

.
N
o

2
2.40 Added 193 gms. {5 #/ton) NapC03 to Pachuca.
525 425 1.23%5
549 445 l.235 27.7 2.6 : 1
3.10 Added 410# water to Pachucs.
23" from top of tank gives 5 : 1 pulp ratio.
429 399 1.075
507 475 1.c70 lo.1 8.9 :1
Added feed water at 0.l or 1.2# per min.
01l - 10% GNS #5, 90% FPL #24.
3.18 PFeed started — oil 62 drops per min.

3425 Beginning of test.
3.30 lst feed sample (10 sec.)

3.35 2nd " " v
3.40 3rd " " oo
3.45 4th " " v
3.50 5th " " v

3.5 6th " " " " End of test.



Feed Ssmple:- Gross. Tare. Net.
30.444 9444 # 21.00#
Weight of feed sample, dry - 1.79#
Weight of water in pulp - 19.21#

Pulp ratio of feed is 19421 = 4047 ¢ 1
1.79

Weight of dry feed sample = 1.79#

Therefore feed to machine = 1.79# per min.

Calculation of Pulp Ratio.
The pulp ratio in the Pachuca tank is found from a

formulae in Hamilton's Book of Cyanidation.
Let 8 = specific gravity of the ore.
P = L} ] " [ ] pulp .

Then the solids = S(P - 1
* .Jﬂ_s_--l{') X 100.

The specific gravity of the ore = 3.20.
P is found by allowing the pulp to run from a small cock in
the side of the Pachuca into a 500 c.c. graduate.
Let W = weight of pulp.
Y = c.co " "

Then W_
Y

In the foregoing example «
W = 525

= Po

Y = 425
¥_ = 1.235.
Y
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Applying this information in the formula:-

2 (1l.s235 —
1.235 (3.2 = n = 27.7% solids.

Pulp ratio = 100 - 2747 26 : 1
277 8o e

In this test 170# of ore was fed to the Huntingdon
Mill, so it must be assumed that 170# of ore is delivered to
the Pachuca tank.

The desired ratio is 5 parts of water to one of ore, by
weight.

Therefore, in all, 6 parts of pulp by weight are reguired
in the tank.

6 X 170 = 1020# pulp.

From the: calibration curve of the Pachuca tank (Graph 3) it
is found that the surface of the liquid is 23" below the
top of the tank with 102C# of water present.

Hence water is added until the surface is this distance
below the top, which should give a pulp ratio of 5 : l. This
is equivalent to adding 410# water.

The pulp was already at a ratio of 2.6 : 1 when agitating
with NapCO3.

Hence 3.6 x 170 = 612# of pulp present before diluting to 5 : 1.
Therefore 1020 — 612 = 410# of water actually added.
Note:—~ It is well to notice here that when the actual pulp ratio
was measured it was found to be 849 : 1 instead of 5 : 1, showing
that less than 170# of ore was delivered to the Pachuca tank.
The loss occurred in the Huntingdon Mill and also in transferring.

This loss is more or less of an uncontrollable factor.
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Calculation of Feed Water.

By measurement, it weas found that the hose, connecting feed
cone to flotation machine, delivered 21# of water per minute.

By experiment the running capacity of the machine was rated
at 2# of dry ore per minute.

In the example the pulp ratio in the Pachuca is 8.9 : 1 or
9.9# of pulp per pound of dry ore.

If 2# of dry ore is the capacity of the machine, then 2 x 9.9
or 19.8# of pulp per minute must be delivered to the feed cone from
the Pachucsa.

But, the feed hose delivers 21# per minute to the flotation
cells

Hence the difference 21 - 19.3 or l.2# per minute must be
added to the feed cone. This is accomplished by means of the
graduated feed-water cock.

Referring to Graph (4) it is found t_hat 1.2# of water per
minute are delivered when the pointer is at O+l on the deal.

The feed water is constant, and to maintain the surface in
the feed cone at a constant level the valve controlling the flow
ﬁrom the Pachuce must be watched closely since frequent clogging
occurs.

It was pointed out above that the actual amount of ore
delivered to the Pachuca was always in doubt. It occurred to the
writer, when explaining this, that the settling cone might be
calibrated in the following manner.

Let 50# of ore be ground in the Huntingdon Mill and sllowed

to settle, say, for 12 hours in the cone. At the end of this time
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the distance of the surface of the settled pulp from the top of

the cone could be measured, and then the ore removed in some

wey and weighed. A relation would at once be established between

depth and weight, and from the mathematics pertaining to the volume

of a cone, various relations of depth to weight could be calculated.
No great quantity of ore is lost in transferring from the

cone to the Pachuce; hence, by this calibration, the actual weight

of ore present could be determined with a fair degree of accuracy.

4, Chemical Analysis.
The chemical analysis of the ore was identical with that

developed last year by Messrs. Saunders and Dewar.

The same trouble was experienced with the low grade copper,
but it seemed impossible to avoid. this point.

Extremely careful manipulation is necessary to get accurate
analysis. To obviate this, a definite amount of copper was added
to the assays. This made manipulation a little easier but it
introduces other errors. The average result obtained is, however,
a little better than without the addition of the copper.

The iodide method for copper depends on the fact that in
s solution made slightly acid with acetic acid, cupric compounds
oxidize potassium iodide with the liberation of iodine. This is
then titrated with standard triosulphate solution. The equations
for the reactions are;

Cu(No3) + 2KI =CnlI ¥+ 2 Koz + I
21 + 2 Nop 8203 = 2 Na 1 + Nao 840¢

The permanganate method for iron depends on the fact that
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metallic aluminum, in a boiling slightly acid solution, will
reduce ferric to ferrous sulphate. The ferrous sulphate is then
oxidized to the ferric state azain with standard permanganate
solution. The equations are:-
2 AL + 3 Fep (S()q.)3 = Alp (S04)3 + 6 Fe Sog
2K MNO4 + 10 Fe Sogq + 8 HoSC4 = KQSO4 + 2 MNSO4
+ 5 Fep (804)3 + 8 Hy0.

The method for nickel depends upon the following reactions:

Ni (NH3)6 S04 + 4 KCN = Ko Ni (C N)4 + KoS04 #-6NH3

This reaction takes place in a solution alksaline with ammonia
and a large amount of ferrous iron may be present without
interfering, if before making alkaline, & considerable quantity
of sodium citrate is added. The citrate combines with the iron
to form unionized iron citrzte which does not allow the iron to
precipitate as ferric hydroxide when ammonia 1s added.

The end point of the reaction between the nickel and the
cyanide is shown by the disappearance of & turbidity due to the
presence of silver iodide. The reaction is:i-

Agl + 2 KCN = K Ag (CN)> + KI

Procedure:- Teke & 1 gram sample (4 gram of a rich con-
centrate). Add 20 cc of aqua regia (equal parts of hydro
chloric and nitric acids) and evaporate to dryness. Bake for
a few minutes. Cool and add 10 cc. of 1 ! 1 sulphuric acid.
Evaporate to sulphuric acid fume. Cool and take up with about
25 cc. of water. Heat until all the soluble salts are in
solution. Then filter off the insoluble. Add 10 cc. of standard
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copper solution to the: tailings. Precipitste the copper by
boiling with aluminum strips. When the copper is all precipita-
ted the iron is reduced to the ferrous condition. This can

be determined by the presence of a white stable froth on the
surface of the liguid.

Decant the hot solution through a filter., Wash the pre-
cipitated copper seversl times with hot water adding the wash-
ings to the liquid in the filter. This liguid contains the
iron and nickel,

Place the 'beaker containing the copper and the aluminum
strip under the drained filter. Wash the filter with & few
ccs. of boiling 1 : 1 nitric acid. As little acid as possible
shou.d be used, enough must be added toc insure complete solution
of the copper. Wash the filter with e little hot water. Place
the beasker on the hot plate and heat until any copper adhering
to the aluminum strips is dissolved. Wash and remove the strips,
Add 10-20 ccs. of bromine water and evaporate almost to dryness,
Cool and take up with water. Neutralize the assay with a solution
of sodium carbonate. The neutralization is complete when s
perranent precipitate of copper carbonate is formed.

Dissolve this precipitate with acetic acid and add two or
three ccs. in excess.

Add from 1-3 gms. of potassium iodide, depending on the
amount of copper in the solution. Titrate with standard
thiosulphate solution until the yellow color of free ioedine is

almost gone. Then add 5 ccs. of starch solution and titrate
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until the blue color disappears.,

The filtrate from the copper precipitation is ready to be
titrated for iren. Run in standard permanganste solution until
the last drop turns the assay a pink color.

To this solution add 30-40 cc. of saturated solution of
sodjium citrate. Make alkaline with ammonia. Cool to below
20°C. Add 5 cc. potassium iodide solution and 5 cc. standard
silver nitrate solution. Titrate until the fine suspended
precipitate of silver iodide has disappeared and the solution
is ciear with standard potassium cyanide.

Notes, — The object of baking and then fuming the assay
with sulphuric acid is to drive off the excess of hydro chloric
and nitric acids. These interfere with copper precipitation
and also with the iron titration.

In the copper assay, free bromine, nitrous oxides, ferric
ions, trivalent arsenic and antimony will liberate or absorb
iodine. The &ddition of broﬁine oxidizes the arsenic and
entimeny to the pentavalent state, in this condition they are
not active towards iodine. The bromine is driven off by
eveporation aleong with any excess of nitric acid.

It sometimes happens that the blue color of the starch
jodine indicator returns. This is due to the presence of iren
or an excess of sodium carbonate. These can be eliminated by
careful manipulation. The excess of sodium carbonate when
neutralized to sodium acetate by acetic acid tends to prevent

the action of the copper-on potassium iodide by lowering the
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ionization of the acetic acid.

In any case take the appearance of the first emd point
as being correct.

It is necessary to have a large excess of potassium
iodide in order to hold the livberated iodine in solution and
make the reaction rapid.

Lead and bismuth having yellow iodides cause trouble by
obscuring the end point.

The point requiring the most careful manipulation in the
copper assay 1s the precipitation and filtering of the precip-
itated copper. It is obvious that the precipitation of the
copper must be complete. Finely divided copper is very
liable to be oxidized to copper oxide which may be colloidal
in fineness. This will go through the filter paper and hence
is lost. Rapid filtering and hot water for washing is
hence essential for the success of this operation.

The only precaution necessary in the iron analysis is
to make sure that the amount of nitric and hydro-chloric acid
in the solution is very small. The fuming of the sulphuric
acid, if done correctly, is the best safeguard against this
difficulty.

In the nickel assay, the reaction between the cyanide
and the nickel salt goes on first, then the cyanide acts on
the silver iodide. The silver iodide acts as an indicator &and
uses up a fixed amount of the indicator which must be sub-

tracted from the total cyanide used.

The solution must be ammoniacal before titration as both

potassium and potassium nickel cyanides are broken up by



acids. The excess of ammonia must be small owing to its
dissolving influence on the silver halogen salts.

The solution must be dilute. If it is not there is great
danger of a turbid solution due to the undissolved nickel
cyanide causing over titration.

Considerable amounts of iron and alumina mske the
titration difficult. This mey be overcome by increasing the
amount of sodium citrate. In such cases the solution should
stand about 5 or 10 minutes after titrating and if the
precipitate comes back in this time, potassium cyanide should
be added until the liquid is clear again. If the precipitate
comes back again after 15 minutes it is of no consequence.

Cobalt shows its presence by a dark color in the solu-
tion. It reacts with potassium cyanide but does not form the
double cyanide, but salts similar to potassium ferro-cyanide.

In general the titration gives the total amount of nickel
plus about three quarters the amount of cobalt in the assay.
As the amounts of cobalt present are generally very small com-
pared with the nickel the results referred to plan an unimpor-
tant part.

There is no other methed of determining whether the solution
is alkaline or not except by the sense of smell. There is a
color change but it depends on the amount of iren, litmus is
of little use as it cannot be distinguished in the darker color
of the seoluticen.

The titration is best carried out over a black plate and

with an electric light playing directly on the surface of the
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liquid. The titration if carried on slowly, gives a definite
final end point, but for concentrates this is too tedious a
procedure. The solution is titrated to an end point rapidly,
set aside, and after 10-15 minutes retitrated slowly. This
gsecond titration usually takes less than 1 cc. and the time

invelved is not very long.

5. Experimentsl Work.

The laboratory tests were carried out in collaboration
with Mr. J.E. Saurders who conducted research on the same ore
in a one cell 4L.S. machine the previous session.

It was stated earlier in the paper that a 10-cell
continuous #.S. machine was used in the following tests, and
the machine itself, as well as the accessory apparatus used in
connection with the tests,have been explained.

The first consideration in treating this ore was to find
if all the sulphides could be fleoated.

The second consideration was based on the first. If all
the sulphides could be floated it might be possible to differ-
entiate them; that is, float one particular sulphide before
the others.

Before entering into the discussion of the tests the

writer has teken the liberty of extracting certain conclusions

from thé Thesis of J.E. Ssunders.
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le That sodium hydroxide as a leach has only a slight
effect on the pyrrhotite of this ore.

2. 8Salt is a much more effective chemical to keep
pyrrhatite down.

3« A mixture of salt and alkaeli gives a better ex-—
traction of copper and has the same effect on iron than either
reagent separately.

4. PFerric chloride was the most effective agent for

keeping down the iron, but it also acts on the chalcapyrite.

These conclusions served &s a basis in conducting the
present work.

The first few teets were mainly of an experimental
character. The machine had not been thoroughly tested and
no definite method of conducting a test had been devised, hence
it was first necessary to learn the manipulation of the machine;
and secondly, the best method of carrying out a run.

Data sheets giving full particulars will be found at the

end of this paper.

Test ﬁl.

The compressor supplying air to the Pachuca tank was
being repaired so the agitation was carried on by means of the
electrically operaiedhpump. It did not prove very satisfactory
as shown by the varyi;g pulp ratios. A settling of the ore

geemed to occur in the stand pipe of the Pachuca tank.
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The pulp ratio of the feed in this test and in a few
following, weas taken from the feed hose at constant intervals
throughout the test. Here also there was a variation in the
pulp ratioc which was to be expected since the ratioc in the
Pachuca tank was also varying. The pipe leading from the
Pachuca to the feed cone plugged at intervals, which gawme an
intermittent feed through the machine.

The pipes leading from one spitzkasten to the next
agitation box also clogged due to the intermittent feed, causing
the spitzkastens to overflow.

The data obtained was so erratic that no computations for

extraction were attempted.

Test ﬁz.

Much the same difficulties were encountered in this run..
The compressor kept the pulp in more uniform agitation but
trouble was experienced in the feed from the Pachuca. The
valve was not of the right type to give a uniform flow of
pulpe

It was found that the method of taking specific gravities
of the pulp was not of much use at ratios greater than 6 : 1.

The tests following met with greater success as the skill
of the operators increased. In order to give the reader a
clearer conception of the results a tabulation of each series

will be given, followed by a discussion of each run.
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Test Ore Reagent % Cu. % M. % Fe. % Cu. ®% Ni. &% Fe.

#3 FPL #24  NaCH 20.8 0.76 2640 41.5 3.4 6.9

#4 " " 12.7 2.90 29.4 86.6 39.2 23.6
#5 " " 7.77 3.08 22.4 7%3.8 40.8 22.8
#7 " " 10.30 3.41 24.8 78.5 50.0 48.2
Test i ZQ

A good grade of concentrate was ootained but the extraction
was of no consequence and it was thought that by increasing the

pulp ratio a higher extraction might be obtained.

Test ﬁ4,

The liquid selid ratio (hereafter L.S. ratio) was in-
creased from 7.% : 1 to 3.8 : 1 and the immediate increase in
extraction was noticed though accompanied by a lower grade of
corncentrate. The better result is due solely to the increase

i the ore feed since the other conditions were the same.

Test ﬁ&.

The proper amount of oil was a doubtful factor and
test #5 was carried out to see if an increase in the oil would
prove beneficial. Such was not the case. The grade and
extraction were lower than in the preceding case, proving that

too much oil was detrimental.

Test £60
This test had to be rejected due to & mishap during

the run.



Test ﬁz.

It was thought advisable, before the completion of the
series with.oll, to run a test in a neutral circuit and thus
to see if the use of NaQH as a leach was beneficial or other-
wise. The L.S. ratio was decreased to 11.9 : 1 and 9.5# of
0il per ton of ore were added.

The results proved almost parallel to test #4 and
probably if the oil had been reduced to 4 or 5#/ ton the
grade and extraction would have been even better. No approx-
imation of the relations between quantity of ore and oil could
be made because the feed was rather variable and the oil feeder
had not been calibrated. Hence, at the completion of this test
the weight of a drop of oil at different rates of flow was

determined and pletted as shown in Graph 1l.

Sunmary .
This series of tests showed that, with FPL #24, the change

in L.S. Ratio had not much effect, and that a neutral circuit
gave better indications than when using NaQH as a leach. This
reagent produced a very good froth out evidently the collecting
power was poor.

In the above tests the feed sample was taken at the
beginning of the run by allowing the feed pipe to discharge into

a tub for a period of one minute.

This method was not very successful since the feed varied
within small limits, and, unless the pulp ratio remained constant

throughout the test a good average was not obtained. Hence it
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was decided to take a feed sample for a period of 10 seconds,
at five minute intervals, giving a very good average of the run
and at the same time eliminating the necessity of constantly
taking pulp ratios of the feed throughout the run. This latter
could now be calculated from the weight of the feed sample.

A change was effected in the feed from the Pachuca tank.
Formerly the controlling cock was situated some distance below
the top of the feed cone and the pipe between the two had
quite an upward Zrade and depended on the head in the Pachuca
for its discharge. Consequently, when the feed cock was shut
off, any pulp in this pipe would settle and was only removed with
the greatest difficulty.

The change consisted in connecting the feed pipe with
the Pachuca at a point slightly higher than the top of the feed
cone. Thus when the feed was shut off the pipe would drain of
its own accord.

one other point was discovered as a result of these tests.
If the surface of the pulp in the Pachuca tank reached & level
near that of the inside pipe, & settling out of the ore occurred
due to improper sgitation, and was the cause of the fluctuating
pulp ratios of the feed.

In all of the following tests the run was started and
completed while the pulp surface was still in the cylindrical
part of the tank, and &8s & result the pulp ratio was constant
throughout the run.

The following series of tests were run using an oil dhixture

consisting of 5% GNS #5 and 95% FPL #24.
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The discharge nipple of tne feed cone was changed to
ore of smaller size, in order to sive some approximation of

the capacity of tue maciine.

Series I1.

Grade. Extraction.
Test 0il Reagent Cu., wi. # Fe. $ Cu. % Ni.p Fe. H

8 5 CiSFS  NaOH  7.85 3.51  24.5 78.5 50,0 48.2

95.> FPL#24
9 " f 7+38 4,48 33.2 81.9 75.8 37.8
10 " " 14,8 5.74 28.1 61.0 33.2 9.1
11 " NepS (14.7 5.43 2847 ( 61.8 18.2 8.7
) 7.8 5¢85 2941 ) 20.8 20.2 6.5

Test #8.

This test was a comparison with #5 to determine the effect
of NaCH as & ieach with & different oil. Very little difference
was noticed with the exception that more ore was floated in #8.
The xrade of concentrate and tane extraction of the copper and

nickel was almost identical with #5.

Iest #9.

Since the neutral circuit of Series I snowed the bpest
result, ,a similar test carried out with & different oil would

serve as a comparison of the two oils.

Test #9 save a fair grade of copper and nickel and a
greater extraction than #7, proving tnat the 0il used in test #

was better than that in #7.

Test #l1C.

It was thought trat too much oil was used in the previous
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test, and since it was inferred in the first test that a
preponderance of oil was detrimental, & better grade and ex-—

traction might oe procured with less oil,

Te Stjll »

Accordingly the oil was reduced from 5.l1# / ton to
3.0# /ton. The results show that the assumption was incorrect.

The results of these two tests seemed to indicate that a
decrease in the amount of o0il gave a better grade of concen-
trate but a reduced extraction.

Good results had been obtained in the id.S. one-cell
machine at this time in the flotation of lead-zinc ores
using sodium sulphide as a reagent. Mr. Bell suggested that
it might prove interesting to see the effect on Cu. Ni. ore.

Consequently test #1ll served as the last of the series
with the same oil, using NepS as a leach.

The first concentrate weas taken from boxes 1 and 2, and
the second concentrate from 3%, 4 and 5.

The results were encouraging in the fact that a total of
83.6% Cu. was floated, with 38.4% Ni. A great deal of the
iron was kept downe

Na,B showed a distinct differential action in the first

concentrate and would bear further investigation.

Summary of Series II.

l. NaCOH &s & leach was of no use with this oil.
2, A neutral circuit again proved one of the best of

the series.
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5« NasS as & leach produced & differential action,
floating the Cu. and keeping down the nickel and iron.
From this it appeared that the nickel occurred with the

pyrrhotite and not the chalcapyrite.

Series I1I.

An oil mixture consisting of l% GNS #5 and FPL #24
was used with various reagents in the following series in

order to determine tine relative values of each.

Grade. Extraction.
Test 011 Reagellto Cu. 0/0 Ni. 70 Fe. % Cu. Ni. % Fe.

12 1%GNS#5 " .
99% FPLyo4 Ya28 2246  5.28 29.1 44.2 8.0 5.4

13 " ianC03 3.6 2477 3243 86,0 58.1 38,2
14 " NaCL 1640 4.26  29.9  46.2 13.6 6.6
15 ' Nooml 160 284 2707 50.1 15.2 9.8
16 " gigg; S 8.5 388  33.4  15.1 124 5.3
Test #12.

The feed from the feed cone fell off apprecisably in #11,
and on investigating the cause it was found that the discharge
nipple had clogged.

The macnine seemed to be running under capacity, hence a
larger nipple was inserted, giving & flow of approximately 34#
of pulp per min. This gave a feed of 3.44# of dry ore per
minute, aud proved to be greater than the capacity of the

machine, since with the tailings valve wide open the spitzkas-

tens still overflowed.
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As a result the test was not of much value, the
extraction being very poor.

A smaller nipple was inserted in the feed cone at the
completion of the test. The discharge was 21# per minute. A
mean value of 2# of dry ore per min. was taken as the capacity
of the machine. These figures were used in the remainder of

the tests.

Test #13.

NagCO3 produced & very faverable extraction of the
copper but the nickel was lows The grade of the concentrate

is alsc very poor.

Test #14.

NaCl had & distinct tendency to keep all the sulphides
down, and especially the iren, bearing out one of the conclu—

sions of Mr. Saunders' thesis.

Test #15.

NaQOH &nd NaCl together seemed to have a differential
action on the Copper. The froth in the previous test had been
very poor and NaQH was added to form a voluminous froth to see

if an increased extraction resulted. It proved of little value.

Test #16.

CuS04 is a common reagent in Lead-Zinc ores but the effect on
Cu. Ni. ores was not known. The results indicated clearly that

Cu S04 was of no use since it kept everything down.



Summary of Series III.

The main purpcse of this series was to experiment with
different reagents. These were not chosen promiscuously but
in keeping with the results on the one-cell machine.

Nas8 and NagCo3 were clearly the better reagents. It
would be useless to experiment further with the remsinder.

Se far thevresults have demonstrated that the best oil
mixtures were 1% GNS #5 with 99% FPL #24, and 5% GNS #5 with
95% FPL #24.

The best resgernt was Nagco3. The neutral circuit proved
better than the slkaline circuit.

Iwo series of tests frollowed from the above information.
One with 1% GNS #5 and 99% FPL #24 in alkaline and neutral
circuits and the other with 5% and 95% mixtures in similar

circuits.
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Series IV,

Test Cil Reagent cﬁ?%?giiggﬁ Fe. % Cu. %Xtﬁiftignﬁe.%'
ol gggj - 5.25  3.33  33.7  86.9 7941  57.0
18 " - 6.76 4.00 35.7 86.0 63.8 38,5
19 " Na2C03 517 3.2l 36.0 70.8 58.5 39.0
20 " NapC03 7.85 3.36 34.45 62.5 62.5 47.6
21 " NapCC 3 5¢55 3.26  33.7 78.0 64.2  38.7
22 " Na,C03 4,70 2.57 28.7 7440 54.0 34.5
Test #17.

Since test #9 had showed such promise, test #17 was more
or less & duplicate to check up the assays which had not agreed
very closely.

The grade was not as good as test #9, but the extraction
was very much cetter. Approximately the same amourt of o0il
was used but a slightly greater amount of feed. The increased
extraction was no doubt the result of the more expert manipulation

of the machine, obtained by the experience in the previous tests.

Test #18.

The pulp left in the Pachuca tank at the completion of
test #17 was diluted te 8 : 1 and another test carried out to
determine if the extraction was increased with less feed per
minute through the machine. At the same time the oil per ton
of ore was increased.

The effect of increasing the oil per ton in the neutral

circuit showed no better result. The grade was a little higher

but the extraction of the nickel fell off considerably, accompanied
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by a decrease in the iron extraction. Again the reletion of
the nickel to the pyrrhatite was clearly shown. The floating of

one resulted in the flotation of the other.

Test #19.

The ore was agitated for 3¢ minutes with 5# /ton NapC03 and
floated with an oil feed of 6.8# per ton. The results were not
comparable to the previous two tests, both grade and extraction

heing lower.

Test #2C.
The residual pulp from test #19 was diluted to 9 : 1.

The test was similar to that preceding with the exception that
the o0il per ton was doubled. The extraction was poorer;
evidently too much oil had been used.

It was thought that not enough Na,sCC3 was added to have
any effect; hence, in the next two tests 107 of N52003 per ton

were added.

Test £2l.

10# of NapCC3 with 4.7# of oil per ton gave much the same

result as in the preceding tests. Increasing the amount of

Na2003 had no beneficial effect.

Test _#22.
The residual ore from test #21 was diluted to 1C 3 1

L.S. ratio, cutting down the feed of dry ore to 0.88# per min.

The oil was increased to 13.l# per ton. No better result was

obtained.
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Summary of Series IV.

1. Na2CO3 a8 a leach was not effective in causing complete
or differential flotation of the sulphides.

2. The neutral circuit produced the best results with this
oil.

5+ Five pounds of o0il per ton appeared to be a sufficient

quantity to effect the flotation of the sulphides.

Series V.

To determine the effect of 1% GNS #5 with 99% FPIL #24
using NagCC; as a leach.

Grade. Extraction.
Test Reagent Cu. % Ni. % Fe. % Cu. % Ni. % Fe. &

#23 Na,CC3 6.8 3.49 24 .4 43.5 2646 15.5
#24 Na,CO03 17.4 3.80 29.5 51.5 18.3 945

#25 N32003 815 5.0 35.4 €6.9 53.5 26.7

This oil produced no better results with Nagccs. Test
#23% was not equal to test #13, due probably to the smaller

quantity of oil used.

The residual pulp from test #23 was retreated, giving the
effect of a high L:S. ratio with a greater quantity of oil.

The result was of no value.

Test £2§.

Increasing the Na2003 to 10# per ton produced a
result similar to that when using 5% GNS #5 with 95% FPL #24.
These tests show clearly that the use of Na2003 was not as

promising as indicated in test #13.
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The results, as far as they had gone, were of rather
a disappointing character. It was noticed in many cases that
considerable mineral was being floated in the last two or three
boxes., The launder permitted of only two products being taken,
e concentrate and a middling. Hence, it was impossible to
determine the grade of each cell separately throughout a whole
run, or to see if the last cell was producing a froth free
from copper and nickel.

Consequently it was thought advisable to construct a
launder in which the froth of each cell could be cellected
gepsrately throughout a run, and the extraction and grade of
each determined. Plate I. shows the new launder with a
separate discharge for each froth.

Tests #26 and #27 served to complete series IV with GNS #5

and FPL #24 as well as to find just how each cell was functioning

Test_ #26.

Referring to the data sheet for test #26, the first two
cells produced a good grade of Cu. and the succeeding cells
were all approximately of the same grade. The last cell ran
9.4% in Copper, showing that a great deal of the copper was

going out in the tailings. The grade of nickel and iron was

gsimilar in each box.

Test £22 .

The results of the test are very similar to test #26.

The grade of each box was higher in copper. NaCl was added



66—

to see if a differential float of the copper could be obtained

but was not successful.

Summary of Series V.

1. NayC03 had no beneficial effect in the treatment of
ore with 1% GNS #5 and 99% FPL #04.

2. The results of #26 and #27 showed that the ore did not
have sufficient treatment before being discharged. A
longer machine would be necessary, or the connections
so changed that the ore would remszin in the machine

for a longer period.

Time was not at our dispossl to effect any such radical
changes in the machine and it was decided to carry on as before
in the hope of finding reagents and eils which would produce
better results than heretofore.

The following series consisted largely of retreating the
failings in order to secure the effect of a longer treatment.
The tailings were collected in tubs, and bumped back to the

settling cone.
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Series VI. -~ Retreatment of Tailings, and the use of

XYY mixture.

Grade. Extraction.
Test 0Qil Reagent Cu. Ni. Fed Cu. Ni. Fe.
#28 XY Na2C03 20.7 4.52 26.8 71.9 27.4 13.6
#29 XY NapC03 20.9 4.52 23.7 77.2  36.5 14.2
#30 XY - 5.50 3.53 29%.9 43.9 17.9 1l2.9

#31 1% CNS#5
99% FPL#Q4N&2EO5 10.7 3461 25.2 76.2 45.3  30.2

#32 " NaCH 1.56 1.05 13.3 65.0 42.7 32.9
#35 XY Na2C03 161 5.77  27.6 83.5 61l.3 23.0
#34 XY NapC03 16.9 6.74  25.2 86.0 5645 19.7

#35 XY - 18.15 5.60 27.0  74.0  39.8 16.7
#36  5HGNSHS NesCOs 12.6 3.96 24.7  59.8 39.8 19.2
95% IPL#24 18.4 24,5 13.2

"XY" mixture consists of xylidin and alphanapthylamene
in varying proportions, &and is used very extensively in the

flotatioci. of sSome ores.

Test #28.

A preliminary test was carried out using "XY"Y mixture
and leaching with 5# /ton of NasCOz. The result was
sufficiently satisfactory to warrant further investigation.
A good grade of copper was obtained (20.7%) with a differential
float, the extraction of copper being 71.9% and the nickel

27.4% while the iron was limited to 13.6%.
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It was decided to run another test similar to #28 with

slightly more "XY" mixture and to collect the tailings for

retreatment.

Test £29.

The addition of further oil served only to increase
the extraction of both copper and nickel slightly, the grade

remeining the same.

Test #30.

The tails from test #29 were collected in tubs and pumped
back into a settling cone and tne excess water was siphoned
of f after tre pulp had settled.

The tailings were pumped back to the Pachuca tank and
agitated. A difficulty was experienced at this point, due to
the froth that collected on the surface of the pulp. The
tailings were already mixed with oil, and the air supplied to
the Pachuca tank feormed & voluminous froth which was sufficient
to upset any calculations based on the extractien. As much of
the froth as possible was recovered and added to the concentrates.

The concentrate was fair, showing that a retreatment was
advantageous.

The combined extraction of test #29 and #30 was Cu. 80.4%,

Ni. 36.6%, Fe. 14.9%, with a grade of Cu. 26.40%, Ni. 8.05%,

and Fe. 53.6%.

Test #31l.
Since test #13 was one of the best results it was decided
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to duplicate it as far as possiole and re-run the tailings.

The first extraction was lower than test #13, but t_he
grade was better.

The treatment of trne tailings produced a very low grade
concentrate and fair extraction.

The combined extraction was very disappointing, amounting
to 72.2% Cu., 47.3p Ni., and 27.5% Fe.

The next three tests determined the relative advantages
of XY mixture with varying amounts of NasC03, and also with

a neutral circuit.

Test #33.
Treating with 5# NapC03 & good grade of concentrate was

obtained with good extraction of copper. This proved one of
the best tests up to the present. The grade and extraction
of copper was very good and the nickel was also floated to

a greater degree than before.

Test ﬁﬁ

Na2Cc3 was increased to 10# per ton, but with no better

result, as the table shows. 5# /ton of NepC03 was sufficient.

Test ﬁzﬁ.

XY mixture in a neutral circuit did not prove &as successful
as previous tests in a similar circuit. The grade of Cu. was

excellent but the extraction was not up to the mark of preceding

experiments.



Test #36.

The retreatment of tailings in the 10 cell machine had not
been very successful, so it was decided to collect the tailings
from & test carried out with 5% GNS #5 and FPL #24 and NapCO3,
and retreat them in appreximately 1CCC sram lots in the onme
cell 4.S. maciire.

The grasde and extresction of the copper was good but the

nickel was poor, in the preliminary test in the 1lC cell machine.

36’ Al B) Cg D.

The retreatment tests in the small machine did not prove
of any value. Scarcely ary froth was formed. The oil already
in the pulp may have oeen the cause, but the results were too

poor to give a reasonable extraction.

Summary of Series VI.

l. XY mixture produced the oest all-round test.

2. NapCO3 and XY mixture were more effective than the XY
mixture in & neutral circuit.

3., The retreatment of tailings was not very successful due to
the froth on the top of the Pachuca.

4. In the retreatment of tailings, the oil alresady present had

a detrimental effect in the formation of a froth in the

spitzkastens.

Series VII.

No experimentation had been carried out in an acid circuit

and before any conclusions could be drawn with respect to the
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best treatment, it was necessary to include this phase.
Consequently three tests were carried out, using Hp, S04
&s a leach..

Grade., Extraction.
Te8t . Oil Re&gent . Cuo% Ni o% Fe 00;0 Cu.;o Né._‘ ;0 Fe.;o

8 L ] ® L )
#5 92% gpg §2ﬁ5 ?%;?ﬁon 965 2.22 35,9 76.0 35.0 26.3
24.0 65.0 73.7

#39 1% GNS #5 HoS04 . . . |
95% TEL 434 3pten L6 246 311 79.0 401 3.8

#40 10% GNS # H-S0

#41 ditto Na2C03
5#/ton 748 2.58 28.1 85.5 70.0 47.2
Test #33.

The results of this test showed that HpSO4 with tnis oil
was no better than when using Nagcoj, and certainly not a&s good
&s a neutral circuit. The copper was fair but the nickel very
poor. The reagents seemed to have the effect of keeping down

the nickel nut Laving no effect on the copper.

Test #359.

The use of 1% GNS #5 and 99% FPL #24 gave approximately
the same result. The flotation of copper was & little better
both in grade and extraction, but the difference was not

sufficiently marked to determine which was the better oil

mixture.

Test #40.

0il GNS #5 was increased to 10% in this run and the pulp



was leacned with 10# /ton of HyS0y4e

The result was noteworthy in comparison with previous
tests. The extraction of copper and nickel was 86.2% and
73.9% respectively. The iron extraction amounted to 61.2%,
bearing out the conclusion that the nickel and chalcopyrite
were closely related.

The grade of concentrate wes low but the original aim

of floating all thne sulphides was approacning realization.

Test #41.

It was thouglit advisanle to run one test using this
oil and leaching with Na2C03 to prove beyond all doubt
whether tre oil or the Na2005 ircreased or decreased ex—
traction.
The results were almost identicai with the previous
test, showing tlat the chauge in oil, and not the reagents used,

gave the sudden increase in extraction.

summary of Series VII.

1. H-,804 as a leach showed no improvement over the results
obtained with any other reagent.

2. Increasing GNS #5 to 10% sreatly increased the extraction.
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Screen Anaiysis.

The ore treated thus far nad been crushed throush 60 mesh
in the Huntingdon Mill.

The results of the last two tests had been very encouraging,
hence it was decided to carry out a complete screen analysis
on t.e feed, tails and concentrates of a test before progressing
furtner.

The analysis was carried out on test #33 and the procedure
was as follows:-

Approximately 80 gus. of the feed sample was weighed
accurately and placed in a pan. Enough water was added to cover
the sample and the mixture was then veiled for about five minutes.
The pulp was next washed turousn a 200 mesh screen and the pro-
ducts, both through and on the screen, were dried and weighed.

The product on 20C mesk weas placed on the 65 mesh screen
of tne screening machine, and a careful analysis carried out.
The products on eaciu screen were weighed carefully, and prepared
for assaying.

The tails and coucentrates of test #3535 were treated in the
same manner.

Referring to the accompanying table, the first column is
the screen mesh. The second column is the per cent of material
on each screen. The figure 89.1 refers to the per cent of tails
in the feed, the remainder being concentrate. The fourth
column is obtained by the product of columns 2 and 3. The sixth
column is the assay of Cu. for each screen size. The seventh

column is the product of 4 and 6. The eighth column is the
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extraction on each screen. The nickel and iron are carried
out in the same way,

When all these figures have been obtained the summation
of the tails and concentrate should equal the feed, for Cu.,
Ni. and Fe.

This is shown in the table. "D" is the summation of "AW
and "B" and is very nearly equal to "C".

A check of this kind proves that no large error is present.

It will be noticed from the taole that the greatest
proportion of values was obtained in the finer sizes. The
greatest loss of nickel accurred in 200 mesh.

Since the values appeared to be in the finer sizes, it
was decided to carry out a few tests, using a 1l0C mesh screen
in the Huntingdon Miil. It was thought that the finer grinding
would cause a gsreater separation of gangue and mineral and a

better grade of concentrate could be obtained.

Series VIII.

Grade. Extraction.
Test 0il Reagent Cu.b  TYi.% Fe.bp Cu.% Fi.% Fe.
#42 109CNS #5 - . . . . . .
9077,1@1. 24 6,62  3.26 29.5  85.0 88.4 54.2
#43 " Na2C03 7.40 3.25 25.8 8l.2 72.3 48,7
Test 2o

Since #4C was such a success with 10% GNS #5 and 90% FPL #24,

the same oil was used in this test. The ore was ground through
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100 mesh and the run was carried cut in a neutral circuit.

The extraction was indeed startling, 85% of the Cu. being
recovered and 88.4% of the nickel. The grade was very poor, but
a great deal had been accomplished ir floating the sulphides,

and it served as a starting point for differential work.

Test #43.

The use of N32003 in this run cut down the extraction
appreciably, though the result was still good. The addition of
the NaQCO3 here served agein to show that the oil and not the

reagent was responsible for the increased extraction.

Test_ #44.
The additien of HoSC4 produced a higher grade of

concentrate than in #40. The extraction was slmost identical
with that test. The inference was tnat the finer grinding
produced a greater % of free mineral particles, and the H2804

had a better chance to assist in their flotation.

Summary of Series VIII.

1. A neutral circuit proved the best of the series.
2. Finer grinding appeared to have & beneficial effect.
3. HoS04 proved a better reagent than Na2003, giving a

cleaner concentrate.

In the comparison of this series with others, it was
necessary to mndify statement two above. At first glance it
had appeared that finer grinding was the clue to the better

gseparation of sulphides, but test #17 proved to be almost an
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equal of #42, both in grade and extraction.
Test #42 gave a higher extraction of nickel, which placed
it slightly ahead of test #17, and it is doubtfiil whether this

wes due te the change in o0il or the finer grinding.

Grade. Extraction.

Test 0Cil Reagent. Cu.% Ni.% Fe.% Cu.% Ni.% Fe.h Screen

#17 5% GNS #5

#40 10% CNS #5

The above table shows clearly the similarity between tests
#17 and #40.

The end of the session was approaching and it was lwmpossible
to continue experimental work. The next series of tests would
have proved very interesting due teo the promising character
of series VIII.

Mr. Szunders carried on further experimental work but the

writer did not obtain his final results.



CONCLUSICN.

The experimental work has not been successful from the
viewpoint of differential flotation. Considerable gsuccess,
however, was attained in the total flotation of the sulphides.

The extraction of nickel was advanced from 60% to 88%.
The copper from 60% to 85%. Further experimentation would be
necessary to discover if the iron could be kept down while
upnelding this high extraction.

The nearest approach to the solution of the problem
stated in the forepart of this paper was obtained from
Test #33.

"XY" mixture with & leach of 5# /ton NapC03 produced
& concentrate running 21.87% copper plus nickel with an 83.5%
extraction of copper and 61.3% nickel, with only 23% iron.

Test #42 produced the best extraction of copper and nickel
but the combined grade amounted to only 9.88%.

However, certain conclusions may be drawn from the

information obtained.

1. A neutral circuit is better than an alkaline or acid circuit
in the treatment of this ore.

2. Hy804 has a slight advantage over NapsCC3 as a leach.

3. NaCl seemed to keep ell sulphides down.

4, A mixture of 10% CNS #5 and FPL #24 gives the highest
extraction of the sulphides.

5. XY mixture produces the highest grade of concentrate accompanied

by good extraction.



~78~

6. Grinding finer than 60 mesh is not advantageous to any
great extent.
7. The 10-cell Continueus M.S. Machine does not permit of the

ocre being treated for & sufficient length of time.

The copper nickel ores heve proved to be amenable to
concentratior by flotation.

The replacement nf the Blast furnace by this process does
not seem to be an impossibility. The introduction of rougher
ceils and cleaner cells would no doubt give the required grade
and extraction of sulphides.

The interest being shown in flotation treatment by the
nickel companies is the surest indication that it is & desirable
substitution.

In conclusion, the writer wishes to express his appreciation
of the advice and ideas tendered by Prof. Bell and Mr. Erlenborn

towards the subject matter of this psper.



ORE DRESSING LABORATORY, MINING DEPARTMENT, McGILL UNIVERSITY.

FLOTATION TEST

NO. |

NOTES: DATE ()nt. 19. 19,2, 19
ORE NO. 168
PULP RATIO 71
R.P.M. IMPELLER
pULP |START
TEMP, |FINISH
TIME WEIGHT SAMP. | WEIGHT MEAN °
H. M. REAGENT | DROPS c.c R.P.M. NOTES No’s REAGENT % LBS. P.T.
10.1 Iransferred Qil:=
10.19 NaOH <70 g Pulp Ratio &:1 FPL #24 540
16.5%Y water " o 6:1
11.50 leed started NaQH 5.0
Qi1 30 drops/min/ keed|vater|@ Q.D
1c,00 Leginning of testl.
10,5 Tind of test SCREEN ANALYSIS OF FEED
GRADE % GRADE %
Feed foo er¥atic-dropping froi «5.1%% of pulp/min., tol2l. + 20 + 100
Pi jgged. 28 150
Feed S0« 35 200
ihis test altriel |Tun only. ITails| 501 48 —200
Conesl 500 65 TOTAL
TIME PRODUCT % % | WEIGHT % WEIGHT % WEIGHT % WEIGHT PERCENT OF TOTAL
MIN. WEIGHT




ORE DRESSING LABORATORY, MINING DEPARTMENT, McGILL UNIVERSITY.  |FLOTATIONTESTNO.| 2
NOTES: ,i11 | DATE Qct., 25,195219
ORE NO. 1&g
PULP RATIO 1
R.P.M. IMPELLER
(o]
PULP START
TEMP. |FINISH
TIME WEIGHT SAMP. | WEIGHT MEAN
REAGENT DROPS c.cC. R.P.M, NOTES
H. M. No’s REAGENT % LBS. P.T.
10 .0d Transferred 0il ‘e
10.00 -Wedexrt+ NaQH 66 % Pulp Ratio 1:1 FPL 724
10,8 woter
Compresgorlbelt broke,
CIAs) eed sterted
il 60 drops,win,| feedlwater|. - 0.88
SCREEN ANALYSIS OF FEED
GRADE % GRADE %
+ 20 + 100
Feed 505 28 150
Tails | 503 35 200
Conec. | BO6 438 =200
Varistion in feed and pulp ratio too great to compute ektractiongs TOTAL
TIME PRODUCT % % WEIGHT % WEIGHT % WEIGHT % WEIGHT PERCENT OF TOTAL
MIN. WEIGHT | oy i Fe
506 z1.6 0.91 25,0
508 0.5 0,51 12.3
505 1.29 0063 1:2.9




ORE DRESSING LABORATORY, MINING DEPARTMENT, McGILL UNIVERSITY. FLOTATION TESTNO.| 3
229.8: of ore - €Q mesh in Huntingdorn iiill, ORENO. 1:8
PULP RATIO 1
R.P.M. IMPELLER
PULP START
TEMP, |FINISH
TIME e WEIGHT SAMP. | WEIGHT MEAN
H. M. REAGENT DROPS c.c R.P.M. NOTES No’s REAGENT % LBS. P.T.
10.00] , iransferied Qil:- _
(L0 ed 8y LaOHd cehg Pulp liatio l.2:1 FPL_;%_ZA G af
10.49 Viater 370z " " Seviid , _
11.258 Feed gtarted, NaOH 5.0
0il €Q dropg/min. |Feed water @ 0,70
11.26 Start of test
12 .45 lind of test SCREEN ANALYSIS OF FEED
GRADE % GRADE %
+ 20 + 100
Feed HQ7 <tz 28 160
Tajils 508 35 200
Cones. 509 |L.75 § 48 —200
Feed 2,7 3/min, 65 ToTAL
Total feed 51 .3
TIME PRODUCT % % WEIGHT % WEIGHT % WEIGHT % WEIGHT PERCENT OF TOTAL
MIN. WEIGHT | (3 Ni Ee Cu Ni Ie
509 Oed 20.8| 68.5] 0.76 2.5 26.0| 85.8 41.5 54 6.9
508 96 .7 1.0 96,7 0.72] 70.5 i 11.912B8 .0 ;48.5 96.6| 9&.1
1686 .2 73 .0 ] 240H .8 f 100.01100.0 100.0
507 1.65 Q.75 12..3
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ORE DRESSING LABORATORY, MINING DEPARTMENT, McGILL UNIVERSITY. FLOTATION TEST NO.| 4.
NOTES: DATE Nov, 2,19zg, 19
275. ore crushed through 60 mesh in Huntingdon Mill ORE NO. 158
PULP RATIO 5,781
R.P.M, IMPELLER
pULp |START
TEMP, |FINISH
TIME REAGEN WEIGHT SAMP. | WEIGHT MEAN
H. M. T DROPS c. C. R.P.M. NOTES No's REAGENT % LBS. P.T.
9.ub Trangferred
10..15| NaoH 258 g Pulp Ratio 1.7:1 Qil:-
10.45 water 045 3 " " d.1:1 P.P.L.2 2.6
11.05 Feed started
Qil 96 drops/min NaQH 5.0
11.20 Beginning of test
11 .45 Bnd of tent SCREEN AMALYSIS OF FEED
GRADE % GRADE %
510 Feed 4,37 + 20 + 100
511 Tails 28 180
5le Cones{d 11,75 35 200
48 — 200
Feed 4.57%/min 65 TOTAL
Total Feed 109%
TIME PRODUCT |- % % WEIGHT % WEIGHT % WEIGHT % WEIGHT PERCENT OF TOTAL
MIN. WEIGHT | gy Ni Fe. Cu Nj Fe
8512 1081 1247 1137.,01 2.90 ! 31 .4 | 29,4 317.% 86,61 49,21 23 .8
511 89.2 .24 2144 1] 0.55]| 49,0 | 11.6 1052.(2 12,41 6Q.8| 76.4
_ 158.4 80 .4 1248.5% 100.,01100.01100.0
1.568 Q.80 12.6
510 1.67 0.83 13.6




ORE DRESSING LABORATORY, MINING DEPARTMENT, McGILL UNIVERSITY. FLOTATION TEST NO.|” &
NOTES DATE  November 5,19:18
294 ;. ore crushed through 60 mesh in Huntingdon Mill. ORE NO. &g
PULP RATIO 3.58: 1
R.P.M. IMPELLER 1200
PULP START Z
TEMP, |FINISH
TIME WEIGHT SAMP. WEIGHT MEAN ©
| REAGENT | DROPS c.C R.P.M, NOTES No's REAGENT 2 oo P.T
10.25 Trangferred
10.40 NaOH JOYCICH: Pulp KRatio 1.54:] Qil:-
11.10 dater 409:; " " 3.22:] FPL # 4 4.2
11.40 Feed gtarted =00
0il 114 drops/min NaQH 5.0
11,07 Beginning of tes]
1% .25 Bnd of test SCREEN ANALYSIS OF FEED
GRADE % GRADE %
Feed aver .A&B| 513 | 4,504 +20 + 100
Tails 28 150
l- Conec. 514 |19.31 35 200
- Comc. 515 4,59 48 —200
Feed 4.,59; /min 65 ToTAL
Total feed 128.5]:
TIME PRODUCT % % | WEIGHT % WEIGHT % WEIGHT % WEIGHT ‘ PERCENT OF TOTAL
MIN. WEIGHT | Cy Ni Xe Cu N1 Fe.
514 15.0| 7.771116.4| 3.08| 46.2| 22.4| 336.0 n3.8| 48,0 £2.8
£15 S.5] 0.58 2.0 0.87 2.0 13.5 47, 1.3 3.1 3.2
Tails | 81.5| 0.41| 39.6| 0,57 ] 46,8 15.511086.% 24,91 48,9 74.0
158.0 96 .0 1470.0 100,0/1100.0(100.0
519 1.58 0.96 14,7




ORE DRESSING LABORATORY, MINING DEPARTMENT, McGILL UNIVERSITY. FLOTATION TEST NO. T
NOTES: DATE NOV . 1311.9221.9
240 $0re crushed through 60 jesh in Huntington Mill. ORE NO. 188
PULP RATIO 1.9:1
Nentral Circuits. R.P.M. IMPELLER 1200
0]
PULP START _
TEMP, |FINISH
TIME REAGENT WEIGHT SAMP. | WEIGHT MEAN ©
H. M. DROPS c.c R.P.M. NOTES No’s REAGENT % LBS. P.T.
2.05]|Water Pulp Katio 4.6:1 0il =
liater feed cock @ |0.55 FPL £24 9.5
4,10 Beginning of tes
| 4,40 End of test.
Qil 75 drops/min
SCREEN ANALYSIS OF FEED
GRADE % GRADE %
Teed 516 + 20 + 100
Eails 517 28 150
Conc 518 35 200
48 — 200
Feed 1.£7#/min 66 TOTAL
Tatal feed 37 .67:#
TIME PRODUCT % % WEIGHT % WEIGHT % WEIGHT % WEIGHT PERCENT OF TOTAL
MIN. WEIGHT | gy Ni I'e Cu Ni Fe
518 14.3]110.3 70 | 3041 | 48,6 | 24 .8 1354 .0 78 .5 Sac| 2046
517 85,7 | 0447 | 4043 | 0,75 | 64,2 | 15.8H1359 .0 21,5 56,81 79,4
187 43 112 .8 1713 ¢ 00,0 1100.0 1100.0
1.87 1.13 17.1
5l6 1.65 0.87 16.8




ORE DRESSING LABORATORY, MINING DEPARTMENT, McGILL UNIVERSITY. FLOTATION TEST NO. o)
NOTES: DATE Nov 14.1922. 19
240 5 Ore crushed through 60 mesh in Huntingdon Mill ORE NO. 178
PULP RATIO 7.8:1
R.P.M. IMPELLER 1200
bULp |START Z
TEMP. |FINISH
TIME REAGENT DROPS c.c WEIGHT R.P.M NOTES SAMP. WEIGHT MEAN ©
H. M. ’ e No’s REAGENT % LBS. P.T.
11,50 Trangferred 0il:-
11.5% NaOH Pulp Ratio 2.95: GNS 5 5%
Azitated for 30 mins. FpL 44 | 954 | **7
FL2.Z>5 Waterx Feed cock 0.5
NaQH 8 .0
208 Beginning of test
0il A0 drons/min SCREEN ANALYSIS OF FEED
1.08 End of test. GRADE | % | GRADE | %
+ 20 + 100
" |Note:~- [10 sek., samples/5|min of feed and toils 28 150
Feed | 519 | 2.04 # 35 200
Tails | 520 48 =200
Conc 521 | 8.57 ¢ 65 TOTAL
reed 2.04%/min. Tatal feled 5964
TIME PRODUCT % % WEIGHT % WEIGHT % WEIGHT % WEIGHT PERCENT OF TOTAL
MIN. WEIGHT | Oy Ni Fe Cu Ni Fe
521 14.2 | 785 1 111,35 $.51149.8 | 24,5 | 348.0 78.5 | 50.0 | 48.2
520 85.8 | 0.56 | 50.8! 0.58 49.8 |15.5 1950.0 21.5 | 50.0 | 51.8
142.1 03 .6 16.78 10040 {100.0 100.0
1.42 1.00 | . . 116.7
519 1.40 0.95 14 .7




ORE DRESSING LABORATORY, MINING DEPARTMENT, McGILL UNIVERSITY.  |FLOTATIONTESTNO.| 4
NOTES: DATE Nawv. 18 _lai2, 19
240 7 ore =60 mesh in Huntingdon Mill ORE NO. 158
PULP RATIO 7.8:1
Neutral Circuit R.P.M. IMPELLER
puLp |START
TEMP. |FINISH
TIME REAGENT | DROPS - WEIGHT I NoTES SAMP. | WEIGHT MEAN
H. M. ! No’s REAGENT % LBS. P.T.
10.1§ Transferred. 0il:=-
water Pulp Ratio 4,.25:1] GNS ;5 j% ) £
10.4n6 Feed started FPL ji<4 95%
Vil 60|drops/min.-¥eed water |0.55
10.44 Start
1l.19 Znd
SCREEN ANALYSIS OF FEED
Feed g0 5 1@ GRADE % GRADE %
Lgils | B23 + 20 + 100
Cone 524 12.57 28 150
Feed 1.85#%/min. 35 200
Total feed 63.14% 48 — 200
65 TOTAL
TIME PRODUCT % % WEIGHT % WEIGHT % WEIGHT % WEIGHT PERCENT OF TOTAL
MIN. WEIGHT cu Ni _Fe Cu Ni Fe
b4 20,0 |7.%8 1147.6) 4.48! 89.6 Sh.R B61., 81.91 75.8] %7.8
S5l 80,0 |0.41 | 22.8! 0.26] <28.8] 15.61088. 18.11 24 .21 6.2
180.4 118.4 1749. 100.01. 100.01 100.0
1.80 1.18 17.4
Sue 1.81 1.1e 18.1




ORE DRESSING LABORATORY, MINING DEPARTMENT, McGILL UNIVERSITY. FLOTATION TEST NO. [O
NOTES: DATE Nnay 151922 19
257 3 ore =60 megh in iuntingdon liill _|ORE NO. 188
PULP RATIO 7 1
Neutral Circuit R.P.M. IMPELLER 1200
bULp |START Z
TEMP. |FINISH
TIME REAGENT DROPS ... WEIGHT - NOTES SAMP, WEIGHT MEAN ©
H. M. ' No's REAGENT % LBS. P.T
4218 Transferred Qil:=
3.20| Water Pulp Ratio 4:1 GNS 45 BZ } o o
Feed cock @ 0,%8 FPL #24 |95%
| O 40 Feed started
Qil 30 drops/min
Se45 Beginning of test
555 Feed plug%'ed‘ dlscarddéd samples, SCREEN ANALYSIS OF FEED
4 .06 Beginning of tes GRADE % GRADE %
4,36 End of test + 20 + 100
Feed 525 2,023 28 160
Tails | 56 85 200
Baonc 527 3 A% 48 —200
Feed 1,96 /min 65 ToTAL
Total feed 59.16%#
TIME PRODUCT % % WEIGHT % WEIGHT % WEIGHT % WEIGHT PERCENT OF TOTAL
MIN. WEIGHT | Ni Fe Cu Ni Fe
527 5.7 114.8 84,5 5,74 32,71 £8.11 160.0 61,0 | 33.2 Q.1
526 94.5 0.57| 53.71 0.70| 65.9] 16.9| 1590, 59.0 | 66,8 | 90,9
138.2 98 A 1750. 100.0 160.0 100.0
1.38 0.99 175
525 1.50 l.1l4 17 .4
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ORE DRESSING LABORATORY, MINING DEPARTMENT, McGILL UNIVERSITY. FLOTATION TEST NO. I
NOTES: DATE Nav . 17.1922, 19
«40j,are -60 mesh in Huntingdon Liill ORE NO. 1rg
PULP RATIO £ Rt
R.P.M. IMPELLER 1200
buLp |START Z
TEMP. | FINISH
TIME WEIGHT SAMP. WEIGHT MEAN ©
H. M. REAGENT DROPS c.c R.P.M. NOTES No’s REAGENT % LBS. P.T.
2e5 Trangferxred Qil:-
<55 Nagg Pulp Ratio 2.7c: GNS 45 51y o-as
gitated for 30 mins. FPL 424 e 1VA
S .38 Feed started
011 B2 drops/min| water| feed cock 9 Q.42 Na..8 g£.0
V(YY) Beginning of tes
4,15 End of test SCREEN AMALYSIS OF FEED
GRADE % GRADE %
Feed 528 1,965 20 + 100
Tails 529 28 160
l Conec, 53Q 5425 35 200
2 Conc 531 2.16 48 —200
Feed 1,964 /min. 65 TOTAL
Total feed 57,.15:#
TIME PRODUCT % % WEIGHT % WEIGHT % WEIGHT % WEIGHT PERCENT OF TOTAL
MIN. WEIGHT | () Ni Fe Cu Ni Fe
530 D7 14,9 85.0] 5.43| 19.5 28.7 164J0 61.8 1 18.2 8.7
Hd1 Sl 7.8 28.8] b5.85 21.6{ 29, 107 15 20,8 | 20,2 6 o5
D9 90.6 Qech <825 Q.75 66411 16,85 149540 17.4 | 61.6 | 84,8
JRCYSING) 10742 1766 J5 00,0 11000 100.0
1.38 1.0% 177
5<8 1.29 1,05 17.5




ORE DRESSING LABORATORY, MINING DEPARTMENT, McGILL UNIVERSITY. FLOTATION TEST NO.| | Z
NOTES: DATE Nav 24 1992 19
245 35 ore crushed through 60 mesgh in Huntingdon Mjili. ORE NO. 158

PULP RATIO 8.8 1
R.P.M. IMPELLER 1200
o}
PULP START _
TEMP. |FINISH
TIME AGEN WEIGHT SAMP. WEIGHT MEAN ©
H. M. RE T DROPS c.c R.P.M. NOTES No’s REAGENT % LBS. P.T.
10,40 Transferred 0jil:-
10,450 Kags 271 g. ulp Ratio 2.02:1 QNS #5 1% 1y o5
11.15| Water 320 4 u " 3.81:1 FPL 384 |99%
11.30 Feed gtarted
0il 56 drops/min NaoS 5.0
11,45 Beginning of test
12,10 lind of test SCREEN ANALYS!S OF FEED
GRADE % GRADE %
Feed H33 2..86,{ + 20 + 100
Tails |h33 28 150
Conce 534 206 35 200
48 — 200
Feed 3.444/min, 65 TOTAL
Total feed 82,7 #
TIME PRODUCT % % WEIGHT % WEIGHT % WEIGHT % WEIGHT PERCENT OF TOTAL
MIN. WEIGHT Cu Ni Fe cu Ni Te
K44 Q.01 2246 678 &.48 9.84 £9.11 87.3 44 2 8.0 B4
5538 97.0 0«38 85.9 1,17 1113.6| 15.715616.0 5R,.8 02.01 94.6
152, 128,95 603.0 100,01100.,01100,0
Hox 1.50 0.97 15.7




ORE DRESSING LABORATORY, MINING DEPARTMENT, McGILL UNIVERSITY. FLOTATION TEST NO. 1>
NOTES: DATE Nov. 28:1 C O 19
| 246 . ore -60 mesh in Huntingdon Mill., ORE NO. 188
PULP RATIO 4.2 :1
R.P.M. IMPELLER
puULp |START
TEMP, [FINISH
TIME WEIGHT SAMP. WEIGHT MEAN
T REAGENT DROPS c.cC. R.P.M. NOTES o pepp— " oo T
12,40 Transferred 0il:=
2450 | NaoCOy 200 g Pulp katio 2.1:1 GNS #5 1% }—asa
0.20]| Water 564 i " "nos.72:1 FPL 724 99%
| & .40 Feed started '
0il 48 drops/min.4Feed water & 0.35 Nazcoﬂ 50
14,00 Start -
4 .40 ind SCREEN ANALYSIS OF FEED
GRADE % GRADE %
Feed hod | 1.18 + 20 + 100
Tails Hob 28 150
Canc 557 18,05 35 200
Feed 0,89i/min, 48 — 200
Total feed %5.4# €5 TOTAL
‘TIME PRODUCT % % WEIGHT % WEIGHT % WEIGHT % WEIGHT PERCENT OF TOTAL
MIN. WEIGHT | Cy Ni Fe Cu Ni Fe
537 22e7] B8.68 19840 2.77| 64,8 2.2 740, 86.,0] 58.1] 38,2
5&6 7720 Qo441 E1eB8| 0459| 45,2] 1545 1200.) 14.0] 41,.9| 61.8
226 46 110.0 1040. 100,00 100,01 100.0
PR 1.10 10.4
5&b l.cd 1.07 17.4




ORE DRESSING LABORATORY, MINING DEPARTMENT, McGILL UNIVERSITY. FLOTATION TEST NO.| ) 4-
NOTES: DATE Now 29.19:2 19
207 5 ore =60 mesh in Huntingdon Mill ORE NO. 188
PULP RATIO 7.6 :1
R.P.M. IMPELLER 1200
(o]
PULP START _
TEMP. |FINISH
TIME REAGENT WEIGHT SAMP. | WEIGHT MEAN ©
H. M. DROPS C. C. R.P.M. NOTES No’s REAGENT % LBS. P.T.
2,05 Transferred 0j] 2=
<o2Q| NaCl 213 g Pulpy Katio 1l.6:1 GNS #8 JL\ 5 g
5 .40 water 576 4 ] v 3,5:1 FPL 424 l9o% | °°
5410 I'eed started
Qil 47 drops/min NaCl 5 .0
<00 Beginning of test.
4.5 und of test. SCREEN ANALYSIS OF FEED
GRADE % GRADE %
Feed Ha8 22984 +20 + 100
Tailsg! H39 28 150
Conc.| 540 329 35 200
a8 — 200
Feed 1.98#/min. 65 TOTAL
Total Feed 86,85 i
TIME PRODUCT % % WEIGHT % WEIGHT % WEIGHT .% WEIGHT PERCENT OF TOTAL
MIN. WEIGHT | (13 Ni FE Cu Ni ke
540 3,71 16,0 | 60,7 | 4.26 15.7 29.9] 112.0 46 .21 13.6 6 A
539 96 49 0.79 70,21 1.07 104_.‘(_3_ 18.4 1760 .0 4.8 86.4| 93.4
130.8 119 .7 1872. 100.01100.01100..0
Hod 1.55 l.24 1843



http://2Q.1QI.-P

ORE DRESSING LABORATORY, MINING DEPARTMENT, McGILL UNIVERSITY. FLOTATION TEST NO.| )5
NOTES: DATE Nov.30.192o, 19
_ <70 % ore crushed through 60 mesh in Huntingdon Mill ORE NO. 108
PULP RATIO 9,8 1
R.P.M. IMPELLER 1200
puLp |START ©
TEMP, |FINISH
TIME WEIGHT SAMP. WEIGHT MEAN
M. w. | TCAGENT | DROPS c.c R.P.M. NOTES No’s REAGENT % LBS. P.T.
10,09 Trangferred Oil:=-
10,10 NaOH 206 g GNS 35 1%]
NaCl 306 g Pulp Ratio 1.82:1 ¥PL yoa | ogal’ °°*
10,4Q Watper 586 " " 5,9:1
11.08 Ieed started NaOH 5.0
0il AQ drops/min.|ireed gater .° NaC1l 5.0
11 .28 Beginning of tesh SCREEN ANALYSIS OF FEED
12.5 End of test GRADE % | GRADE | %
+ 20 + 100
Feed 41l 1.953 28 160
Tails 542 36 200
Gonc 543 ] L&&q' 48 — 200
Feed 1.954/min. 65 TOTAL
Total feed 56,9u
TIME PRODUCT % % WEIGHT % WEIGHT % WEIGHT % WEIGHT PERCENT OF TOTAL
MIN. WEIGHT | Cu Ni Fe Cu |Nj Fe
545 6.l 16,0 93,0 2,84 17.3| £7.,7 16418 50.,1| 15.% 9.8
042 95,9 1.0 96,7 1,058]| 96,7) 1l6.6] 15600 49 .9! 84.8] 90,2
194,17 114.0 17418 100,01 100.0[100.0
541 1.92 1,07 16 .2




ORE DRESSING LABORATORY, MINING DEPARTMENT, McGILL UNIVERSITY. FLOTATION TEST NO. | &
NOTES: DATE Nov.30.19z2 19
| 220 z of ore =60 mesh in Huntingdon Mill ORE NO. 158

PULP RATIO 8.9 : 1

R.P.M. IMPELLER 1200
(o]

PULP START

TEMP, |FINISH

TIME SAMP. WEIGHT MEAN

H. M. REAGENT DROPS NOTES No’s REAGENT % LBS. P.T.

<.15 Transferred Uil:=

2.5 | NaOH GNS 45 1%Ly 5 os

CuSOq Pulp Ratio 2.0:1 FPL 24 999
2.0 | Water " " 4.45:1
S e10 Feed started NaOH 5,0
0il 66 drops/mj br @ CuS0, 5.0
Sel Beginning of tes SCREEN ANALYSIS OF FEED
3451 End of test. GRADE % GRADE %
+ 20 + 100
Feed na4 | 2,104 28 150
fails | 545 35 200
Conce b4 6 1724 48 =200
Feed 2.0 #/min. & TOTAL
Total feed 61.25;
TIME PRODUCT % WEIGHT % WEIGHT % WEIGHT PERCENT OF TOTAL
MiN. WEIGHT Fe Cu Ni Fe
D46 <80 10,7 33.4! 93.5 15.11 12.4 Bad
545 Q7.2 75 4 16.321588%8 .0 84,91 87.6! 94,7
86 .1 6878 .5 100.01100.01100.0
544 18.1




ORE DRESSING LABORATORY, MINING DEPARTMENT, McGILL UNIVERSITY.

FLOTATION TEST NO.

NOTES:

DATE Nepcember 4_19'4?9
220 4 of ore ~60 mesh in Huntingdon Mill ORE NO. 158
PULP RATIO Qo 1
Neutral cireuit. R.P.M. IMPELLER 1200
bULp |START Z
TEMP. |FINISH
TIME REAGENT | DROPS .o WEIGHT I NOTES SAMP. | WEIGHT MEAN °
H. M. ' No’s REAGENT % LBS. P.T.
2400 Transferred 0il:-
water Yulp Ratio 4.05: GNS 35 5% |\ 5
2430 Feed started FPL y .4 |osz |l °°
0il 7b dropk/min.|¥eed ater ® 0.55- 10#/min.
245 Start
S el snd
SCREEN ANALYSIS OF FEED
GRADE % GRADE %
Feed 547 2.134] +20 + 100
Tails 548 28 160
Cone 549 18.0 85 200
48 — 200
Feed 2,13 4 /min 65 TOTAL
Total feed 62.1:
TIME PRODUCT % % WEIGHT % WEIGHT % WEIGHT % WEIGHT PERCENT OF TOTAL
MIN. WEIGHT Cn N Fe Cu N Fe
549 29.0 | 5,25 | 152.0] 5.53] 96,5 33.7 976.0 86.9 __79.1 57.0
548 70,0 | ,33 _ 23,4 .26l 5.5 11.8 840.0 2131 20,9 43,
175.4 122.0 1816. 100.00100.0100.0
547 1.76 l.22 18.2




ORE DRESSING LABORATORY, MINING DEPARTMENT, McGILL UNIVERSITY. FLOTATION TEST NO.|  |&
NOTES: DATE Tee. 4. 1029, 19
This test was run with ore left in lFachuca tank after ORE NO. 1xg
finishing test 3 17 PULP RATIO 18.5: 1
R.P.M. IMPELLER 1200
The pulp was dilut=d to 8:;1 ratio in rachuca tank before pULp START
eginning the tesgt TEMP, |FINISH
TIME REAGENT WEIGHT SAMP. WEIGHT MEAN
H. M, DROPS c.c. R.P.M. NOTES No’s REAGENT % LBS. P.T.
O 290 Yeed gtarted Pil:-
Qil |75 draps/min,., Water feed cock @ Q.55 GNS #5 5% 1ts7
O .09 Start of test, ol g24 g95..
4,09 kEnd " "
Reduced o1l but |incregsed it again.
SCREEN ANALYSIS OF FEED
GRADE % GRADE %
Feed 580 1.067% +20 + 100
Tails | 551 28 160
Conc. nhe b .66 35 200
48 ~ 200
Feed 1.06#/min 65 TOTAL
Total feed 29.9%
TIME PRODUCT % % WEIGHT % WEIGHT % WEIGHT % WEIGHT PERCENT OF TOTAL
MIN. WEIGHT Cu Ni Fe Cu Ni e
552 18.9 6.761 127.8 4.00]| 75.6 35,0 67.5 86.,0] 65.8] 58,5
551 8l.1 Q.41 20 o8 Q58] 43,0 15.2108Q .1) 14.0| 36,.,2! 66.5
148 .4 113.6 1755 .0 100.01100.0/100.0
1.43 1.19 17.5
550 1.65 l1.16 18 .95




ORE DRESSING LABORATORY, MINING DEPARTMENT, McGILL UNIVERSITY. FLOTATION TEST NO. )
NOTES: DATE  Degc /.1922, 19
210 ; of ore 3} through 60 mesh in Huntingdon u£ill ORE NO. 151
PULP RATIO 10 :1
R.P.M. IMPELLER 1900
O
PULP START _
TEMP, [FINISH
TIME REAGEN WEIGHT SAMP. | WEIGHT MEAN °©
H. M. T DROPS c.c R.P.M. NOTES No’s REAGENT % LBS. P.T
10,355 Transferred Qil:=
10.40 Na,Cu., 227 g tulp katio 1.62:1 GNS #5 5% 65
11.10 watex 676 3 " " 4.6:1 FPL #24 95%’
11l.4 Feed started
Qil B0 drops/minl Fecd|water|. 0.55-10%/min. NagClq 5.0
115 Staxrt
1e.23 “nd SCREEN ANALYSIS OF FEED
GRADE % GRADE %
Feed | 553  [|1.89; ] +20 + 100
Tajls ! B54 28 150
Conc. | 655 0.75i 35 200
48 — 200
Feed 1.89i/min. 65 TOTAL
Tatal feed 5614
TIME PRODUCT % % WEIGHT % WEIGHT % WEIGHT % WEIGHT PERCENT OF TOTAL
MIN. WEIGHT Cu Ni e Cu Ni
555 19.5 |5.17 1161.0] 3.21] 62.5| 36.0| 702.0 70 .8 B8 .5l 29.0
554 80.5 «D2 | 41 .8| 0.55 44.5_}_ 153.60L100.%) 29,20 41,8 &
142.8 106 .8 802.0 L 100,00 100.0] 100,0
1.42 1.07 18.0
553 1.50 l.24 18.9 A
[
i




ORE DRESSING LABORATORY, MINING DEPARTMENT, McGILL UNIVERSITY. FLOTATION TEST NO. 7.0
NOTES: DATE Dec 6, 1922, 19
Residual E]]]p from test ﬂ']g ORE NO. 18R
Diluted in Pachuca to $:1 pulp ratio PULP RATIO o231 9
Feed water o Q.55 R.P.M. IMPELLER
PULP START
TEMP. |FINISH
TIME WEIGHT SAMP. | WEIGHT MEAN
REAGENT DROPS c.cC. R.P.M, NOTES
H. M. No's REAGENT % LBS. P.T.
12.39 Feed started Oil:=-
0il B0 drops/min GNS #5 5% S
L ]
12 .46 otart FPL i 24 95%
216 End
L l\l“a‘dCO:5 Tegt QL'LQL
o SCREEN ANALYSIS OF FEED
GRADE I GRADE %
Feed 556 0.78 + 20 + 100
Tails hH? 28 150
Conc 558 275 35 200
Feed 0,78#/min 48 —200
Total feed 22.7# 65 TOTAL
TIME PRODUCT % % WEIGHT % WEIGHT % WEIGHT % WEIGHT PERCENT OF TOTAL
MIN. WEIGHT Cu Ni Fe Cu Ni Fe
558 16.05] 7.85 [129.5 | 2.36 | 55.5 | $4.489 570 .( 62.9 62, 47 .6
557 8295 1.06. 78.0 | 0.45 | 33.2 | 12.9 | 946.0 97.8 37.89 bH2.
207 .56 88,7 |° hH16 . 100.Q 100.0 100.
2.07 Q.89 15.1
556 1.91 1.02 16 .85




ORE DRESSING LABORATORY, MINING DEPARTMENT, McGILL UNIVERSITY. FLOTATION TEST NO.
NCTES: DATE Dec, 6,1922
cl9 7 ore -60 mesh in Huntingdon Mill ORE NO. 1Rr8
PULP RATIO 769
R.P.M. IMPELLER
PULP START
TEMP. |FINISH
TIME WEIGHT SAMP. WEIGHT MEAN
H. M. REAGENT DROPS c.c R.P.M. NOTES No’'s REAGENT % LBS. P.T.
S 6D Transferred Qil:-
S.82| NagCO, 476 g Pulp Ratia 1.7:1 GNS 45 5% y——g o1y
4.0%| Water 690 % " " B,7:1 FPL #24 95%
4,35 Feed started
0il 72|drops/min., Feed water @[0,45 asC0. 10.0
4,41 Start
5,11 End SCREEN ANALYSIS OF FEED
GRADE % GRADE
Feed 556 L4232 + 20 + 100
Tails | 560 28 150
Conc 8681 14 684 35 200
Feed 2.4%%#/min. 48 =200
Total feed 72.904 65 TOTAL
TIME PRODUCT % % WEIGHT % WEIGHT % WEIGHT % WEIGHT PERCENT OF TOTAL
MIN. WEIGHT | Oy Ni Fe Cu Ni Fg
561 <0 e 5eDD51115.0] 3,26 676D 3Z.[1 698. 78,01 64,2 . 38,7
56Q 79 .8 Q2411 22.5] 0,48 8.4 12.81105. 22,01 25.8| 61l.3&
147,585 105.5 1800, 100,0/ 100,01 100.0
1.47 1.05 18.0
55¢ 1.45 l.12 17.9




ORE DRESSING LABORATORY, MINING DEPARTMENT, McGILL UNIVERSITY. FLOTATION TEST NO.| 2 2
NOTES: DATE Tep .6 19:2, 19
Liesidu=l ore from test 21 used--diluted to 10:1 pulp ratio ORE N95 g
in Pachuca tank.Feed water zt 0.55 PULP RATIO 25 :17%
. R.P.M. IMPELLER
puULP |START
TEMP, [FINISH
TIME REAGENT WEIGHT SAMP. | WEIGHT MEAN
H. M. DROPS c.c R.P.M. NOTES No’s REAGENT % LBS. P.T.
5.25 feed started 0jl:e
0il 72 drOps/min GNS 5 27/ NI
- , oV LA L
5e51 Start FPL zc4 | 987
0.51 End
NagCOS Test #21
SCREEN ANALYSIS OF FEED
GRADE % GRADE %
Feed | 562 | 0.59%%] +20 + 100
lTailg 563 28 150
Conc b64 | 5,51 35 200
Feed 0.88#/min 48 — 200
Total feed 16.9% 65 TOTAL
TIME PRODUCT % % WEIGHT % WEIGHT % WEIGHT % WEIGHT PERCENT OF TOTAL
MIN. WEIGHT | @] Ni Fe Cu Ni Fe
564 0.8 14,70 97 .6 _2.07 5HS.4| 28,7 596. 724,00 H4.8] 34,5
063 792 | Qo4 c2.4] 0.53] 4<.0] 15.5 1072, 6.0l 45.5 65.5
150.0 9b.4 1668, 100,01 120.0] 100.0
6= 1.18 1.16 17.6




“ORE DRESSING:LABORATORY, MINING DEPARTMENT, McGILL UNIVERSITY. FLOTATION TEST NO.| 2.3
NOTES: DATE  Dep. 11.1922 19
2104 of ore -60 mesh in Huntingdon Mill ORE NO. 1883
PULP RATIO 8.2t 1
R.P.M. IMPELLER
(o]
pULP |START _
TEMP, |FINISH
TIME REAGENT WEIGHT SAMP. | WEIGHT MEAN °
H. M. DROPS c.c R.P.M. NOTES No’s REAGENT % LBS. P.T.
2.20 iransferred Ujl:=-
€.25| NagCOq 238 g Pulp Ratio 1.54:1 GNS #5 1% b 523
2«00 | water 720 3 " o 4.2:1 1 FPL #24 99%
S.15 : i'eed started ’
Qil 7% droph/min.| Feed|water|: 0.55-104/min. NagCU. 5.0
S 220 start
3 .50 “nd SCREEN ANALYSIS OF FEED
GRADE % GRADE %
Feed 3Yats) 242971 +20 + 100
Iails RE6 28 150
Conc. 567 8 22D 85 200
Feed 2,<9i/min. 48 — 200
Total feed 66 .8+ 65 TOTAL
TIME PRODUCT % % WEIGHT % WEIGHT % WEIGHT % WEIGHT PERCENT OF TOTAL
MIN. WEIGHT | (O Ni Fe Cu_ Ni | Fe
567 le .95 6.8 84.0| $5.49| 43.1] 24 .4| %02. 43,0 Z6.H] 15.5
566 87.65] 1.<4 108:_2 1.16] 101.5] 19.3 1690. 56 .5 T75.4] 84,5
192.7 144 .6 199<. 100,0 100,0[ 100.0
1.92 1.45 19.9




ORE DRESSING LABORATORY, MINING DEPARTMENT, McGILL UNIVERSITY. FLOTATION TEST NO.| 2 4-
NOTES: DATE Do 11,1922, 19
| Pulp Kesicue in Pachuca Tank from test # oo ORE NO. 154

Diluted to 8:1 Pukp katio. PULP RATIO 17.F 1
R.P.M. IMPELLER
PULP START
TEMP. |FINISH
TIME WEIGHT SAMP. | WEIGHT MEAN
REAGENT DROPS c.C. R.P.M, NOTES ~
H. M. No’s REAGENT % LBS. P.T.
4,00 ieed started 0il:=
_ Qil 48|curopsfmin. GNS #56 1;1; 50—
4410 Start of test. ¥EL £24 | 9%
4,40 wnd
NaoCO- Tegt 3 o
~ [
SCREEN AMNALYSIS OF FEED
GRADE % GRADE %
+ 20 + 100
l'eed | B68 1.14 28 150
Teilel 569 35 200
Cone | £70 1,70 48 =200
Feed 1.14%/min 65 TOTAL
Total feed $3.504&
TIME PRODUCT % % WEIGHT % WEIGHT % WEIGHT % WEIGHT PERCENT OF TOTAL
MIN. WEIGHT | (g Ni Fe Cu Ni Fe
h170 f.1 1 17.4]1 88.71 3.801 19.4] 29.5 150 51.5 18.3 9.5
569 94,9 0.88_ 83,0l Q0,92 87.2 15.2_ 1440. 48,5 81,7 90.5
17:..0 106.6 16890, 100.0 100.0] 100.0
1.72 1.0%7 15.9
A8 1.90 1.05 16.8




ORE DRESSING LABORATORY, MINING DEPARTMENT, McGILL UNIVERSITY. FLOTATION TEST NO.| 2 5
NOTES: DATE Dee 12 1029 19
300 7 ore =60 mesh in duntingdon Will, ORE NO. 158
PULP RATIO 8.9%: 1
R.P.M. IMPELLER 1900
[0}
PULP START =
TEMP, |FINISH
TIME WEIGHT SAMP WEIGHT MEAN °©
REAGENT DROPS c.cC. R.P.M, NOTES
H. M No’s REAGENT % LBS. P.T.
10,0 Transferred Qil:-~
0.556] NagCO- (Gl g Pulp Katio 1.6631 GNS #5 1% }—6v0
11,.25| Waterx 705 3 . " 4,1841 FPL z24 | 99%
1,58 Feed gtarted.
0il drofps/minl. Feed watex| . Q.55 NagCO, 10,0
1.45H wtart of test
12,15 Lind SCREEN ANALYSIS OF FEED
GRADE % GRADE %
Feed 571 2.145] t20 + 100
Tails h72 28 160
Conc B3 8.154 35 200
438 — 200
Feed 2.07%/min. 65 TOTAL
lotal {feed €6£.,15%
TIME PRODUCT % % WEIGHT % WEIGHT % WEIGHT % WEIGHT PERCENT OF TOTAL
MIN. WEIGHT Cu Ni Fe Cu Ni e
573 14,1 8,15 115,00 5.00 70.5 &5.4 499 66.9 53.H 6.7
572 8.9 Q.67 57.5 Q.78 62.7 15.9 1565 _ B0, 46.0 T5.4
172 .9 133 .4 1864 100.0 100.Q 100,
l.72 L33 18.6
571 160 lec9 | 19.4




ORE DRESSING LABORATORY, MINING DEPARTMENT, McGILL UNIVERSITY. FLOTATION TEST NO.| 2 G
NOTES: DATE Ion 95.1G9% 19
ORE NO. 185 ]
PULP RATIO g.45 1
__lew leunder made for machine allowing & product to be tagen R.P.M. IMPELLER
iromw each cell. pULP |BTART
TEMP. |FINISH
TIME WEIGHT SAMP. WEIGHT MEAN
H. M. REAGENT DROPS c.c R.P.M. NOTES No’s REAGENT % LBS. P.T.
L 10 Iransferred Vil -
.18 | Nao@g., 180 g Pulp Ratio 1.94:1 GNS #5 1%y 5 o
.48 water _ 465 1 » - 4.,6:1 ¥Pi, 44 99%
.48 | ¥eed startedlOil 74 drops/min.|Feed water : 9i/min.
( 1.0 5H74 1.4 NagCOQ .0
S.12 Start|of tegt (2. BH75 291
%.52| Hnd of test Y2 | gve 84 SCREEN ANALYSIS OF FEED
Cones. ; 4. 577 JHBh | GRADE i GRADE %
E 5. 578 .20 + 20 + 100
S 6. 579 and 28 150
\ 7. 580 35 200.
Tails| 581 48 — 200
Feed 582 | 2,923 65 TOTAL
Feed 1.95#/min. Total feed 7810:
TIME PRODUCT % % WEIGHT % WEIGHT % WEIGHT % WEIGHT PERCENT OF TOTAL
MIN. WEIGHT | Gy Ni Fe Cu Ni ke
574 1.86] 18.8| 34.9| 5.30! 9.85| 6.7 49.6 48,11 32.2) 11.0
878 1.17! 182.8] 18.61 6,01 7.04! 6.5 31.0 51 .9 A7.8 89.0
576 1.08 13.6| 14.7! 5,.94] 6,55 5.8 27.8
D77 L1t 1el? Q.0 .78 4,22 25,8 18,5 _
h78 P4 _12.2 7.8 10/45 4 .31 28.8! 18.4 B
579 IV I AN .61 4.,07! 4,59 28.0] 12,5
£80 r4 Q Nal £2191 <4,.6] 138.3
b3l 93 .60 1.% 10<.0 14 ,613€65.0
HB« < el 1.08 16.0




ORE DRESSING LABORATORY, MINING DEPARTMENT, McGILL UNIVERSITY. FLOTATION TEST NO.| 2 (-
NOTES: DATE  Tap. 17 1923 19
199 % Ore crushed =60 mesh in Huntingdon kill. ORE NO. 604A
PULP RATIO 8.7 : 1
R.P.M. IMPELLER
PULP |START
TEMP. |FinisH
TIME REAGENT | DROPS .o WEIGHT - NOTES SAMP. | WEIGHT MEAN
H. M. ) No’s REAGENT % LBS. P.T.
<10 Transferred Qil:-
NaCl 220 g Pulp Ratio 2.04:1 FPL @4 Q9%
2,48 | Water B85 4 n " 5:1 510! 1.45
©eQ0| Feed Mj’eed water|d 0.58-04i1 72 dropsZminl. 584 851 N2gC0x 5.0
Y.06 Start 585 62| NaC] 5.0
5 eb6 Bnd 584 47 SCREEN ANALYSIS OF FEED
5817 _ 2G| GRADE % GRADE %
588 RCTol B ' + 100
ARQ .56 28 160
Tailg| 590 |62.50 35 200
Feed 591 2.22 48 — 200
Feed 2,24 /min. 65 TOTAL
Total feed f4.7#
TIME PRODUCT % % WEIGHT % WEIGHT % WEIGHT % WEIGHT PERCENT OF TOTAL
MIN. WEIGHT | o5 Ni Fe Cn Ni Fe
583 2.20 |19.1 42.] 5.86| 12.90 25,8 5740 5l. 6.0 12.
084 lex8 |17.1 1.8 6.40 B.08 26,0 03,2 49.0 64.0 87.4
5895 «98 114.9 13.8 6.88 6.56 <6.5] 24.6 100.40 100.0 100,
586 64 114.1 9.0 6,77 4 .54 =649 17.c
587 HY 13.6 8.0 6.90 4,07 26.2| 15.4
588 45 114,0 6.8 6.96 veld £D.4] 1l.4
589 54 | 9.5 5.1 5,70l 2,08 2.4 12.00
590 9L .40 lel 100849 085 79,4 12.8 119
691  2.29 2543 5,9z 3¢ 12,6 /25




ORE DRESSING LABORATORY, MINING DEPARTMENT, McGILL UNIVERSITY. FLOTATION TEST NO.| . &
NOTES: o DATE Jop. »d 1Gguz. 19
| 200i ore -60 mesh in Huntingdon Lill ORE NO. 606
PULP RATIO g .5 : 1
- R.P.M. IMPELLER
PULP START
TEMP. |FINISH
TIME WEIGHT SAMP. | WEIGHT MEAN
H. M. REAGENT DROPS c. ¢ R.P.M. NOTES No's REAGENT % LBS. P.T.
10,14 Trznsferred vil:se
ha.l9 NaoCOq san Pulp Hatio l1l.64:1 X cake 4,2
10,49 Vwater 672 " " 4.,4:1
11.0 Feed started NaoCOz 540
Feed 1¥ater @ 0.554- 0il |56 ingdreased to 84 dropk/min.
11.14 Start of test
17 .47 “nd of test SCREEN ANALYSIS OF FEED
GRADE % GRADE %
reed |592 2.25) t?20 + 100
Tails | 593 28 150
Concs | 594 4,054 85 200
Feed 2.257/min. 48 — 200
Total feed 65.6i 65 TOTAL
TIME PRODUCT % % WEIGHT % WEIGHT % WEIGHT % WEIGHT PERCENT OF TOTAL
MIN. WEIGHT | Oy Nj Fe Cn Ni Fe
594 69 20.71142.8] 4,52 21.2| 26,8] 185H. 719 &7.4| 13.6
566 93.1 0.6] 55,9 Q.89 82.8| 12.6/ 1172, 8.1 72,6| E6.4
198.7 114 .0 13.87 100.0] 100,01 100 .0
1.99 1.14 12,6
oge 2409 1.08 18 .&




ORE DRESSING LABORATORY, MINING DEPARTMENT, McGILL UNIVERSITY. FLOTATION TEST NO.| 5 o
NOTES: DATE Tgan. 25 1922 19
| 180 4 ore -60 mesh in Huntingdon Mill ORE NO. gapg

PULP RATIO 10,1 1
R.P.M. IMPELLER

pULP |START

TEMP, |FINISH

TIME REAGENT DROPS .o WEIGHT . NOTES SAMP. | WEIGHT MEAN

H. M. ’ No’s REAGENT % LBS. P.T.

097 Traneferred Qjl:-

10158 NagCO, 202 ¢ Pulp Ratio 1.70:1 X cake 6al
11,08 water u n 5al:

11,¢0 I'eed started NagCOz 5.0

Qil 74 drops#min_.,ile_ed_water o O D)
1125 Start
12, %5 End SCREEN ANALYSIS OF FEED
GRADE % GRADE
Feed £95 216 + 20 + 100
Tails | 598 28 150
Conc 597 BadZ 35 200
Feed 1 .88%/min . 48 — 200
Total feed 109.2% 65 TOTAL
TIME PRODUCT % % WEIGHT % WEIGHT % WEIGHT % WEIGHT PERCENT OF TOTAL
MIN. ) WEIGHT | (3, Ni _Fe Cu Ni | Fe
597 77| 20911068 4,52] 24.,8| 23.7]| 182.p 772! 26.5! 14,2
598 92,2 Q.51 46,1 0.66| 60.8] 12.011105, e8! 73,51 885 .8
206 .S 95 .6 1287 .0 100.00100,01100.0
2.06 Q.95 12 .9
585 1.95 0,91 12.6




ORE DRESSING LABORATORY, MINING DEPARTMENT, McGILL UNIVERSITY. FLOTATION TEST NO. 30
NOTES: DATE Jan 27.1923, 19
Betreqtment of Tails of tesgt #29 ORE NO. g0A
Keturned to Pachnca and diluted to 6:1 pulp Ratio. PULP RATIO 7.7 1
R.P.M. IMPELLER
PULP START
TEMP. |FINISH
TIME REAGENT WEIGHT SAMP. | WEIGHT MEAN
H. M. DROPS c.c R.P.M. NOTES No’s REAGENT % LBS. P.T.
10 .45 Agitation starte 0il:=
10,55 Feed sgarted
0il 44 dro;rs/min. X Cake 545
11.01 Start
1l .26 nd _
SCREEN ANALYSIS OF FEED
GRADE % GRADE %
Feed H98 1.68 +20 + 100
Tails| 596 28 150
Concgl 599 1.64 35 200
Feed 2,02y /min. 48 —200
Total feed 49.2j 65 TOTAL
TIME PRODUCT % % WEIGHT % WEIGHT % WEIGHT % WEIGHT PERCENT OF TOTAL
MIN. WEIGHT | Ni Fe Cu Ni Fe
599 S5 5,501 18,11 3,531 11,61 29.911500. 43,91 17.9] 12.9
596 06471 Q241 23,21 0551 53.21 10.611020. 56,11 82,11 87.1
41,3 64 .8 1170 100.01100.01100.0
Q.41 .65 11.7 |
598 0..50 Q.66 12.0 |




ORE DRESSING LABORATORY, MINING DEPARTMENT, McGILL UNIVERSITY. FLOTATION TEST NO.| 35 A
NOTES: o S e DATE 19
. ——— . — PR —————————v—e——————— P ORE NOa
| —— . Combined extraction of tests . 29 & 30. ] PULP RATIO : 1
‘ o i R.P.M. IMPELLER
puULp |START
TEMP, [FINISH
TIME WEIGHT SAMP. WEIGHT MEAN
REAGENT | DROPS c.cC R.P.M. NOTES ——
H. M. No’s REAGENT % LBS. P.T.
SCREEN ANALYSIS OF FEED
GRADE % GRADE %
+ 20 + 100
238 150
35 200
48 —200
65 TOTAL
TIME PRODUCT % % WEIGHT % WEIGHT % WEIGHT % WEIGHT PERCENT OF TOTAL
MiN. WEIGHT | (4, Ni Fe Cu Ni Fe
597 7.7 12049 160.8 4.52]54.8 2347 182.p 80.4] 26.6| 14,0
599 Gl 5.5 18,1 3.53|11.6 29,9 98 .[7 9.0, 12.2 8.5
596 8940 Q.24 2Le4 0.55/49,0 10.6| 955. 10,6 651.2| 76.6
200, 95 .4 1226, 100400 10010] 10040
' 2.00 Q.95 12.26
595 1.95 0.91 12.6




ORE DRESSING LABORATORY, MINING DEPARTMENT, McGILL UNIVERSITY. FLOTATION TEST NO. 2
NOTES: - DATE Eeb. 6£.1923, 19
198 i ore =60 mesh in Huntingdon Kill ORE NO. s04

- PULP RATIO 11.4 1
R.P.M. IMPELLER
PULP START
TEMP. |FINISH
TIME WEIGHT SAMP. WEIGHT MEAN
"y REAGENT DROPS C.C. R.P.M. NOTES Noe CEAGENT 7 s T
2.20 ifransferred Qil:-~
22 | NagCO, =27 g Pulp Ratio 1.8:1 GNS #5 1% ‘o3
2.55| Water 639 i " “ 5.4:1 FPL ;24 99%
5410 - Yeed started | 4 V.t ]
Pil 92 drops/min.- Feed wpter 3 Q.5 NagCO0z 5.0 o
519 Start
4,54 End SCREEN ANALYSIS OF FEED
B GRADE % GRADE %
reed | 600 S.68 + 20 + 100
Tailg 601 28 150
Caonga | 602 14 .81 35 200
Feed 1.70;/min 48 — 200
Total feed 106.8z 65 TOTAL
TIME PRODUCT % % WEIGHT % WEIGHT % WEIGHT % WEIGHT PERCENT OF TOTAL
MIN. WEIGHT 1 Ni Fe Cu N4 Fe
602 13,9 110.7 [ 148,5] $.61] 50.0| 2Z5.2 249 762 45,3 3042
601 86.1 D4 46,4] Q.70| 60Q.2 9.4 808, 25,8 54,7 69,8
19419 110 .2 1157. 100,00 100,01 100 .0
1.94 1.10 11.5%
600 2el1 1.04 12.0 B -




ORE DRESSING LABORATORY. MINING DEPARTMENT, McGILL UNIVERSITY. FLOTATION TEST NO.| 32
NOTES: DATE ®eh 7.1 ¢ 19
| Tailings from est r 51 settled and decanted ORE NO. £06
Returned to rachuca and diluted 3o 7.8:1 pulp ratio. PULP RATIO 12 1
R.P.M. IMPELLER
PULP START
TEMP, |FINISH
TIME WEIGHT SAMP. WEIGHT MEAN
REAGENT DROPS Cc.C R.P.M. NOTES ~
H. M. No’s REAGENT % LBS. P.T.
2.39 : Feed started 0il:e
Qil 120 drgps/min -~ Feed watqr & 0,35 GNS #5 1% }— 140
2,45 | NaQH 200 g To produce froth FPL #24 | 99F
2e52 otart o
SRS ond of tegt NaQH 4.0
SCREEN ANALYSIS OF FEED
GRADE % GRADE %
Feed| 603 1.5611 +20 + 100
Tajils 604 28 150
Conel| 605 [11.194 35 200
48 — 200
Feed 1.5151/‘/11111’]. 65 TOTAL
Tatal feed 45,3&
TIME PRODUCT % ’u% WEIGHT % WEIGHT % WEIGHT % WEIGHT PERCENT OF TOTAL
MiN. WEIGHT | (1 NI Fe Cu Ni Fe
605 24,91 1.66| 8.8 1.05] 26.2] 1i.&] 431, 65 .4 42.“? 229
604 765.1] 0.29]| 21.8| Q.49 26.8 9.3 698 3H.0 DBT7.85 67,1
Q.6 e 1029. 100.0 100.0100.0
Q.01 Q.63 10 .59
605 Q.04 Q.74 Yeb N




FLOTATION TEST NO.

ORE DRESSING LABORATORY, MINING DEPARTMENT, McGILL UNIVERSITY. SZL A
NOTES: DATE 19
Combined extraction of tests 31 & 32 ORE NO.
PULP RATIO : 1
R.P.M. IMPELLER
PULP START
TEMP. | FINISH
TIME REAGENT DROPS oG WEIGHT . NOTES SAMP. | WEIGHT MEAN
H. M. ) No's REAGENT % LBS. P.T.
SCREEN ANALYSIS OF FEED
GRADE % GRADE %
+ 20 + 100
28 150
35 200
48 — 200
65 TOTAL
TIME PRODUCT % % WEIGHT % WEIGHT % WEIGHT % WEIGHT PERCENT OF TOTAL
MIN. WEIGHT | Cu Ni Fe Cu NI Fe
132,91 10,7 1148.5| 3.61 | 20,0 | 25,2 349.% T2.21 47.,3]| 27.5
24 .9 1.58 28,81 1,05 26,2 | 13.3 G 11,91 24,.,8| 26.1
61 .2 Qa9 17.71 0,49 | 30,46 Q.5 H68 .0 B.O! 27,91 46,4
<06 .0 106.2 1249 .5 100.01100,01100.0
2406 1.06 lc .4
ol 1.04 12.0




FLOTATION TEST NO.

ORE DRESSING LABORATORY, MINING DEPARTMENT, McGILL UNIVERSITY. 5D
NOTES: DATE Fep 10, 1923 19
200 3 - > (i11 ORE NO. gQ6
PULP RATIO 10 : 1
R.P.M. IMPELLER
PULP START
TEMP, |FINISH
TIME WEIGHT SAMP. | WEIGHT MEAN
H. M. REAGENT DROPS c.c R.P.M. NOTES No's REAGENT % LBS. P.T.
10.40 Transferred Qil:-
11.20 Water 870 j " " H5.75:1
11.32 Feed started 1\?&2005
0il x |cake | 84 dxops/min.Feed water & Q.47
11 .29 start
12,24 end SCREEN ANALYSIS OF FEED
GRADE % GRADE %
leed 606 2.77 + 20 + 100
Tajils 6017 28 150
Concs 608 8.81 35 200
48 -— 200
Feed 1.85#/min 65 TOTAL
Total feed B8Q .0
TIME PRODUCT % % WEIGHT % WEIGHT % WEIGHT % WEIGHT PERCENT OF TOTAL
MIN. WEIGHT | Gy Ni Fe Cu Ni Fe
608 10,91 16,1 | 176.Q 5.77 | 63.2| £€7.6| 302 83,0 61,31 23,0
607 89.1 0.4 5.6 0.45] 40,0 §{1.411015. lLE‘__QB_,_'L_ 77.0
<ll .6 105.2 1517. 100,011 :0.01100.0
2.11 1,03 15.1
606 2419 1.09 12.8




ORE DRESSING LABORATORY, MINING DEPARTMENT, McGILL UNIVERSITY. FLOTATION TEST NO.| 24
NOTES: DATE T¥eh 8. 1922 19
— 195 # ore -60 mesh in Huntingdon Nill ORE NO. 606

PULP RATIO 8.5:1
R.P.M. IMPELLER

PULP START

TEMP. |FINISH

TIME REAGENT OROPS oo WEIGHT - NOTES SAMP. WEIGHT MEAN

H. M. ) No’s REAGENT % LBS. P.T.
5.00 Transferred 0jl:=
5.05| NayCQy 480 g Pulp Ratio 1.24:1 X cake 7.0

.35 | Water 71 % ? " 6.23:1

S .48 Yeed gtarted NaoCog 10.0

0il 90 drops/min.+ Feed|water|® 0.4
Z 02 Start
4,28 BEnd SCREEN ANALYSIS OF FEED
GRADE % GRADE %
+ 20 + 100
Feed A0Q | 2,34 28 150
Tails 610 85 200
Concs 611l [9.00 48 — 200
Feed 2.224/min, 65 ToTAL
Total feed 96.5i
TIME PRODUCT % % WEIGHT % WEIGHT % WEIGHT % WEIGHT PERCENT OF TOTAL
MIN. WEIGHT | Cu Ni Fe Cu | Nij Fe
611 9.2 16.9 [157.0| 6.74]| 62.5]| 25.2] 234. 86.0] 56.6] 19.7
€10 90.7 O.29__ﬁ,_f§_ 0.53] 48,0 10.,4| 931, 14,0 43.5 _E_30.I5
185.8& 110.5 1184, 100,.0] 100.0[ 1C0.,0
1.83 1.10 11.84
609 1.85 1.10 12.0




ORE DRESSING LABORATORY, MINING DEPARTMENT, McGILL UNIVERSITY. FLOTATION TEST NO. %5
NOTES: DATE ¥ep 9 , 1922, 19
190 # ore -60 mesh in Huntingdon Mill ORE NO. 606
PULP RATIO fg.8 :1
R.P.M. IMPELLER
PULP START
TEMP, |FINISH
TIME WEIGHT SAMP. WEIGHT MEAN
H. M. REAGENT DROPS c.c. R.P.M. NOTES No’s REAGENT % LBS. P.T.
10,20 Trancgferred 0il:-
Watex Pulp Ratio 5.,25:1 X ecake 8.0
10.51 Feed started
0il9 | 92 dnops/min.- Feed watier @ Q.5
10.55 Start
11.40 and
SCREEN ANALYSIS OF FEED
GRADE % GRADE %
Feed 8l2 2,801 +2 + 100
Tails 613 28 150
Concs 6l4 6.31 35 200
Feed 1,.87#/min 48 =200
Total feed 81,2§ 65 TOTAL
TIME PRODUCT % % WEIGHT % WEIGHT % WEIGHT % WEIGHT PERCENT OF TOTAL
MiN. WEIGHT | Cy Ni Fe Cu Ni | Fe
614 7.8 | 18.18 141.9 5.6d 42.4 27.04 21, 74.0 39,8 16,17
613 |92.2 0.54 49.7 0.74 66.3 10.4 105Q 26,0 60.2 83.3%
191, 109. 1210 1000 100.Q 1C0.(
1.91 1.10 12.1
6le 1.95 l.14 12.3




ORE DRESSING LABORATORY, MINING DEPARTMENT, McGILL UNIVERSITY. FLOTATION TEST NO.| 34
NOTES: DATE Feh. 7.19232 19
272 # ore -60 mesh in Huntingdom Mill ORE NO. 606
PULP RATIO 8.4 ° 1
R.P.M. IMPELLER
pULp |START
TEMP,. |FINISH
TIME REAGENT DROPS c.c. WEIGHT R.P.M. NOTES SAMP. WEIGHT MEAN
H. M. No’s REAGENT % LBS. P.T.
10 +E( Transferrcd Qil:=
10.37 Na CO, 360 % Pulp Katio 1.13: GNS #5 /A0 N
11.07 Water 774 ; " " 3a7:1 FPL #24 9KR%
11.2 Feed gstarted
0il 9% drops/min.+ Feed|water|@0,6 NagoC0s 5.0
11.31 Start
Ll.46 End SCREEN AMNALYSIS OF FEED
Toils| 6.23] 1.59] GRADE f__ | GRADE %
Feed 624 1.90] +20 + 100
2 Conc 625 | 11.13 28 160
1 Conc A6 |16 .94 85 200
Feed 2,28y /min. 48 =200
Total feed 169 .0y 65 TOTAL
TIME PRODUCT % % WEIGHT % WEIGHT % WEIGHT % WEIGHT PERCENT OF TOTAL
MIN. WEIGHT Cu Ni FEe Cu Ni Fe
626 10,0 12,01 126,00  2.96 _39.6 24,7 247 .( 50,8 309.d 10,4
65 6.6 5,85 28.6] ¢.70] 24.4] 25,8 | 170.0 18. 24 .8 13,9
rd .4 0,50 146,7 0,58 _35.05 Q.41 877.( =1 4 ST W AN
21l a3 99 .5 1294 .( 10040 10040 100.0
2.11 0.99 12.9
6zd 2.24 Q.89 12.0



http://59.fi

ORE DRESSING LABORATORY, MINING DEPARTMENT, McGILL UNIVERSITY.  |FLOTATIONTESTNO.| a5,
NOTES: DATE Tebh 15. 1923 19
: achine ORE NO.
PULP RATIO g :1
R.P.M. IMPELLER
PULP START
TEMP, [FINISH
TIME WEIGHT SAMP. | WEIGHT MEAN
REAGENT DROPS c.c R.P.M, NOTES
H. M. No’s REAGENT % LBS. P.T.
2ed Charged Qil:-
.40 0il added GNS 45 52 |y ove
2.48 ind of test FPL 724 |95%
SCREEN ANALYSIS OF FEED
GRADE % GRADE %
+ 20 + 100
Concgl 615 62 g 28 150
Tails| 616 800 g 35 200
48 - 200
65 TOTAL
TIME PRODUCT % % WEIGHT % WEIGHT % WEIGHT % WEIGHT PERCENT OF TOTAL
MIN. WEIGHT | Ni Fe Cu Ni e
615 7.0 |6.8 47.6] 3.84| 26.8|30.4 | BL.3
616 95.0 29 27.0 ___0.43 39.9_11.9 110b.,
74 .6 f6 .7 1218
Q.75 Q.A7 15,18
0.h8 0.68 10.3




ORE DRESSING LABORATORY, MINING DEPARTMENT, McGILL UNIVERSITY. FLOTATION TEST NO. %6 B
NOTES: DATE  Teb, 15 lycn 19
_  Retreatmen¥% of Test 36 tails in k.S. machine ORE NO.

PULP RATIO : 1
R.P.M. IMPELLER
PULP START
TEMP. |FINISH
TIME WEIGHT SAMP. WEIGHT MEAN
REAGENT DROPS c.C. R.P.M, NOTES
H. M. No’'s REAGENT % LBS. P.T.
Qil:-
GNS 45 23/2 I W —
FPL a4 98%.
l\]a(‘.cor) 5 .O
~ ()
SCREEN ANALYSIS OF FEED
GRADE % GRADE %
+ 20 <+ 100
Conel| 617 | 22.0 28 150
Tailg 618 68.5 35 200
48 - 200
65 TOTAL
TIME PRODUCT % 7 % WEIGHT % WEIGHT % WEIGHT % WEIGHT PERCENT OF TOTAL
MIN. WEIGHT | (g3 i Fe Cu Nj Ie
617 S el 5,05 16.41 £.80 9.4 24.2| 78,5
618 96.76] 0,49 | 475 0,431 412 7.9(768.
BA.9 50 .6 841.,5
Q.64 051 8,41
Q.68 0.58 1049




ORE DRESSING LABORATORY, MINING DEPARTMENT, McGILL UNIVERSITY. FLOTATION TEST NO. w6 C
NOTES: DATE FPh 15 1 2 19
| Retreatment of $# 36 tails ORE NO.
PULP RATIO 6 : 1
R.P.M. IMPELLER
(0]
PULP START
TEMP. |FINISH
TIME WEIGHT SAMP. WEIGHT MEAN
REAGENT DROPS c.C. R.P.M. NOTES
H, M. No’s REAGENT % LBS. P.T.
0il;s
GHS 45 14 RN
ey . 7 Uek
¥PL 374 95%
Na.S 5.0
~
SCREEN ANALYSIS OF FEED
GRADE % GRADE %
+ 20 + 100
Conc 619 |22 g 28 150
Tails 620 (704 g 85 200
48 — 200
65 TOTAL
TIME PRODUCT % % WEIGHT % WEIGHT % WEIGHT % WEIGHT PERCENT OF TOTAL
MIN. WEIGHT Cu Ni Fe
619 S.05] 4.8 14,51 2,40 10.3) 31.2] 9.5
620 96.97| 0,14 13.5| 0.42| 40.7| 8.11785,
<8.0 51.0 794 .5
0..28 0.51 7.94
(.68 0.58 10.2




FLOTATION TEST NO.

36 D

ORE DRESSING LABORATORY, MINING DEPARTMENT, McGILL UNIVERSITY.
NOTES: DATE 19
Retreatment of ; %6 tailings ORE NO.
PULP RATIO 6 1
R.P.M. IMPELLER
PULP START
TEMP, |FINISH
TIME WEIGHT SAMP. WEIGHT MEAN
REAGENT DROPS c.C. R.P.M. NOTES -
H. M. No’s REAGENT % LBS. P.T.
Qil:-
¥Ps po4 95%
SCREEN ANALYSIS OF FEED
GRADE % GRADE %
+ 20 + 100
28
Concs. 621 46 g 85 200
Tails B |1792 o 48 — 200
65 TOTAL
TIME PRODUCT % % WEIGHT % WEIGHT % WEIGHT % WEIGHT PERCENT OF TOTAL
MIN. WEIGHT | (O Ni Ee
621 5.5 3,60 20.51 2.,60| 14,3 20,3 166,
6RL 94 .5 0.24! 2<.6] 0.58| 54.8 8.8/ 830.
45,1 69.1 966 .
04d Q.69 Q.96
0 ..88 0 .08 10 .3




ORE DRESSING LABORATORY, MINING DEPARTMENT, McGILL UNIVERSITY. FLOTATION TEST NO. Y
NOTES: DATE 19
Tegt 4 <7 a fajlure -no concentrate. ORE NO.
PULP RATIO |
Retreatment of 3 46 tajlings in large machine R.P.M. IMPELLER
PULP START
TEMP, |FINISH
TIME GEN WEIGHT SAMP. WEIGHT MEAN
H. M. REA T DROPS R.P.M. NOTES No’s REAGENT % LBS. P.T.
Qjil:=
GNS #b 87
Qil 4% drops/min FPL 324 | 95%
SCREEN ANALYSIS OF FEED
GRADE % GRADE %
+ 20 <+ 100
28 150
35 200
48 -— 200
65 TOTAL
PERCENT OF TOTAL
TIME PRODUCT % % WEIGHT % WEIGHT % WEIGHT % WEIGHT
MIN. WEIGHT




FLOTATION TEST NO.

ORE DRESSING LABORATORY, MINING DEPARTMENT, McGILL UNIVERSITY. 38
NOTES: DATE Feb 16,1923 19
210 ji ore -60 mesh in Huntingdon Mill ORE NO.
PULP RATIO 8.6: 1
R.P.M. IMPELLER
puLp |START
TEMP. [FINISH
TIME REAGENT WEIGHT SAMP. | WEIGHT MEAN’
H. M. DROPS c.c R.P.M. NOTES No’s REAGENT % LBS. P.T.
11.00 Iransferred Qil:ie
11.18 };2804 467 g Pulp Ratio 1.17:1 GNS %5 5% 50—
11.38 Water 175 # u " 4.25: FPL 24 |96 <
11,51 Feed started
0il ¥2 drops/minl-Feed|water|d Q.6 HaS0, 10,0
12.00 Start
12.4% End SCREEN ANALYSIS OF FEED
GRADE % GRADE %
Feed | 627 %.48 § t20 + 100
Tailsl 6«8 28 150
Conc. 629 |11.31|5 35 200
Feed 2.29 g/min 48 — 200
Total feed 99.5# 65 TOTAL
TIME PRODUCT % % WEIGHT % WEIGHT % WEIGHT % WEIGHT PERCENT OF TOTAL
MIN. WEIGHT | Cy Ni Fe Cu Ni Ee
629 11.4 | 9.65| 110.0 2.22|/25,3 |35.9 | $98.0 76,0l 55.0! 26.3
648 88,6 Q.39 4.6 0.53147.0 112.6 1120.,0 ZALQ_Q%__'ZLB
144 .6 2.3 Hh18.0
l.44 0.72 15.18
67 1.46 0.89 15,7




ORE DRESSING LABORATORY, MINING DEPARTMENT, McGILL UNIVERSITY. FLOTATION TEST NO.| 39
NOTES: DATE  Marych 15 192319
157 # ore -60 mesh in Huntingdon #i11 ORE NO. 04
PULP RATIO 7 .56 1
R.P.M. IMPELLER
PULP |START
TEMP. |FINISH
TIME REAGENT DROPS c c WEIGHT PN NOTES SAMP, WEIGHT MEAN
H. M. ) No's REAGENT % LBS. P.T.
2450 Transferred 03jl:-
<240 | HoSO, 340 g Pulp Ratio 1.14:1 GNS %5 1%y 54
%.00 | Water 580 # " " 4,6:1 FPL w24 | 99%
3.15 teed gtarted
Vil 84 drops/min. | Feed |water = 0.55 Hs50, 10.0
Sed Start
2,03 ¥nd SCREEN ANALYSIS OF FEED
GRADE % GRADE %
Feed | 640 2odir | t20 + 100
Tailsgl| 641 28 150
Concgl| 642 11.31 35 200
Feed .47 /min 48 =200
Total feed 69.6i 65 TOTAL
TIME PRODUCT % % WEIGHT % WEIGHT % WEIGHT % WEIGHT PERCENT OF TOTAL
MIN. WEIGHT | Cu Ni I'e Cu Ni I'e
642 16,3 | 11,6 | 189, <.4 40,11 37.1) 605, 7901 40,1 31.8
641 83.7 0.63 52.7 0.72 60,2 15,511<98, elaQ] B9,9] 68.2
241 .7 100.& 1903, 100.01100.01100.0
2242 1.0 19.0
640 1.84 0..97 18,1




ORE DRESSING LABORATORY, MINING DEPARTMENT, McGILL UNIVERSITY. FLOTATION TEST NO.| 40
NOTES: DATE  Jayen 21 3192219
170 # ore -60 mesh in Huntingdon sll ORE NO.
PULP RATIO : 1
R.P.M. IMPELLER
o
PULP START
TEMP, |FINISH
TIME ErcE WEIGHT SAMP. | WEIGHT MEAN
H. M. R NT DROPS c.c R.P.M. NOTES No’s REAGENT % LBS. P.T.
10.00 Transferred Qil:-
10.28 HgS0, .86 g Pulp Ratio 1.79:1 GM: “5 1%y s g
10,43 water C50 i " Y 5.95:1 FPL #24 99%
11.04 Feed started
Oil 70 dropp/min.|Feed water i 0.5 Ho50, o 10.0
1l.13 Start
11.57 End SCREEN ANALYSIS OF FEED
GRADE % GRADE %
Yeed | 844 2.4z t20 + 100
Tailg| 644 28 150
Conc | 645 16,5 35 200
Feed 1.A1% /min 48 — 200
Total feed 70.1i 65 TOTAL
TIME PRODUCT % % WEIGHT % WEIGHT % WEIGHT % WEIGHT . PERCENT OF TOTAL
MIN. WEIGHT Cu Ni Fe Cu Nj Fe
645 e 1| 6.86|1165.01 d.4=2! 81,01 48.2 905, 86.2 73.9] 61.2
644 7631 Q34! 25,9 0.48! 29.0 7.5 _BH72. 12.81 28,11 38.8
183.9 110.0 1477, 100.0! 100.01100.0
1.89 1.1_0 14 .8
64E 1.95 1.19 15.0




ORE DRESSING LABORATORY, MINING DEPARTMENT, McGILL UNIVERSITY. FLOTATION TEST NO. 41
NOTES: DATE lMarch 21,1923 19
| 200 y ore =60 mesh in Huntingdon lijll ORE NO. gng

PULP RATIO 10,3 1
R.P.M. IMPELLER

PULP START

TEMP. [FINISH

TIME REAGENT WEIGHT SAMP. WEIGHT MEAN

H. M. DROPS ¢.c. R.P.M. NOTES No’s REAGENT % LBS. P.T.
22D Transferred 0l1:<
.28 | NagCO, 227 g Pulp Ratio 1.45:1 GNS b 10% V- mer
2.58 | iater 700 # " 5.65:1 FPL ;24 90% :
S 005 Feed started

0il 7% drops/min-|feed water 40,5 Na..COz 5.0
S 410 Start
2.55 End SCREEN ANALYSIS OF FEED
GRADE % GRADE %
Feed 646 2.84| +t20. + 100
Tajls 647 28 150
Cong 648 16.89 3 200
Feed 1,894 /min 48 — 200
Total feed 8%.16j 65 TOTAL
TIME PRODUCT % % WEIGHT % WEIGHT % WEIGHT % WEIGHT PERCENT OF TOTAL
MIN. WEIGHT | Cu Ni Fe Cu Ni Fe
648 20,0 7.8 [158,.,0| 2,58 52.4] 28.1l 571.0 85.5] 70.0f 47.2
647 79¢7) O0o04| 7.1} 0.28| 22.3] 8.1 646.D 14.6| 20.0| £52.8
185.1 74 .7 1217..0D 100.01100.01100.0
1.85 Q.78 12.17
646 1.90 1.09 12.8




ORE DRESSING LABORATORY, MINING DEPARTMENT, McGILL UNIVERSITY. FLOTATION TEST NO.| 42
NOTES: DATE March 28,1923 19
200 3 ore =100 mesh in Huntingdon 11ill ORE NO. /04
PULP RATIO 7.95 1
R.P.M. IMPELLER
pULP |START
TEMP. |FINISH
TIME EAGE WEIGHT SAMP. WEIGHT MEAN
H. M. R NT DROPS c.c. R.P.M. NOTES No’s REAGENT % LBS. P.T.
10430 Transferred Qil:~
Water Pulp Ratio 4.8:1 GNS #5 1% }—426
11,30 Feed started FPL $24 99%
0il 98 drops/minl-TFeed |water |« 0.5
11.49 Start
1200 ond
SCREEN ANALYSIS OF FEED
Feed @Gene-|649 2,52 | GRADE fo | GRADE | %
Tailg-Feed=|650 + 20 + 100
Conc 651 15.65 28 150
35 200
(FPeed 2.52¢/min. 48 — 200
Total feed 7%.08j 65 TOTAL
TIME PRODUCT % % WEIGHT % -WEIGHT % WEIGHT % WEIGHT PERCENT OF TOTAL
MIN. WEIGHT | (O Ni Fe Cu NJ g
651 21 .7 6.68 143,85 2.26| 70,81 29.5| 64.1 85.0| 88.4| 54,2
650 782 053 25.8 0,12 9.4 6.91 54.1 15.01 11.6| 45,8
149.3 80.2 118.2 100.01100.01100.0
1.890 080 11.8
649 2.11 0 .85 12.8
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ORE DRESSING LABORATORY, MINING DEPARTMENT, McGILL UNIVERSITY. FLOTATION TEST NO.| 43
NOTES: DATE March 29 1923 19
100 # ore =100 mesh in Huntingdon Mill ORE NO. 5064
PULP RATIO 10,21
R.P.M., IMPELLER
PULP |START Z
TEMP, |FINISH
TIME WEIGHT SAMP. | WEIGHT MEAN ©
H. M. REAGENT DROPS c. ¢ R.P.M. NOTES No’s REAGENT % LBS. P.T.
2.30 Transferred Qil:=
2.40] NayCOq 103 g Pulp Ratio Z.6:1 GNS #5 10% 520
4,10 | Waterxr 410 §# " b 8,9:1 TPL #24 Q0%
3018 Feed started
0il 62!drops/min.-|Feed 'fater $ 0.1 NagCO, 5.0
Sed Start
% .55 End SCREEN ANALYSIS OF FEED
GRADE % GRADE %
Feed 652 [1.784] +20 + 100
Tails | 653 28 150
Concsg | 854 11.814% 35 200
Feed 1.'78#,/min 48 — 200
Total feed 51.62i €5 TOTAL
TIME PRODUCT % % WEIGHT % WEIGHT % WEIGHT % WEIGHT PERCENT OF TOTAL
MIN. WEIGHT | Cuy Ni Fe Cu Ni Ye
654 2249 | 7.40 [169.5| 3.285| 74.5] 25.8]/ 592.0 8l.2| 72.3| 48.7
653 77.1 10.51 5945 0.37_ 28..5| 8.06| 6<0.0 _Z_LL8.8~ 2747 51.3
208 .8 102.0 212.0 10C.0[ 100.0( 100.0
2409 1.03 12.1
652 2.16 0.98 12.4




ORE DRESSING LABORATORY, MINING DEPARTMENT, McGILL UNIVERSITY. FLOTATION TEST NO. 44
NOTES: DATE_March 29,1925 19
150 # ore =100 mesh in Huntimgdon Mill ORE NO. g6
PULP RATIO 7.9 :1
R.P.M. IMPELLER
PULP |START
TEMP. |FINISH
TIME WEIGHT SAMP. | WEIGHT MEAN
H. M. REAGENT DROPS c.c. R.P.M. NOTES No’s REAGENT % LBS. P.T.
110440 Transferred 0il:-
10,48 HoSO, 240 g Pulp Ratio 2.5:1 GNS #5 10% |
11.08 water 375 5 Wwoov g,24:1 FPL jo4 | god| | **°
11,20 Feed started
Qil 72 |drops/min. |Feed water & 0.40 Hy50, 107
11.25 Start
11.55 End SCREEN ANALYSIS OF FEED
GRADE % GRADE %
Feed [655 2.04 + 20 + 100
Tails| 656 28 150
Cone (657 15451 35 200
Feed 2.54#%/min 48 — 200
Total feed 73.66% 65 TOTAL
TIME | _oopueT % % | welgHT % | WEIGHT % | WEIGHT % WEIGHT PERCENT OF TOTAL
MIN. WEIGHT | (O Ni Fe cu Ni Fe
657 18.1 9.701175.51 4,18 75.8| 34.9! 62.% 84,4 75,01 B2.3
656 81.9 040 | 32,71 0e2 25 .4 7.0 73, D581 25,01 47,7
2.084 101 .2 12086 100.013100.,013100.0
- 2.08 1.01 12.05
655 2044 1.11 12,5













