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1.

THE FLOTATION
and
CONCENTRATION OF CZRTAIN COWPLLEX
AURIFEROUS ORES OF JORTHERN CANADA
(with especial reference to the
Porcupine and Kirkland Leke Areas.)

GENERAL INTRODUCTION.

While flotation is firmly established as a means of
concentrating ores of the base metals, such as copper and lead,
this is far from being the case in thé extraction of gold-from
its ores. This state of affairs may quite possibly be due to
the satisfaction felt by mill-men in various parts of the world
with the comparatively recent improvements in the cyanidation
process as a means of gold recovery. To be sure, there are
some mills which employ flotation for concentrating gold ores,
but the tonnage so treated is very small compared to that
treated by cyanidation.

A considerable amount of research work on the
flotation of gold ores has been done within recent years at
MeGill University in the Mining and Ore Dréssing Laboratory.
While the results as a whole have not been entirely satisfactory,
they have been sufficiently encouraging to warrant further
research on the sub ject.

The equipment of the laboratory is very well suited
for an exhaustive research on flotation. One of the most
important features of this equipment is a complete model mill
unit consisting of a grinding circuit with a classifier, two

types of flotation apparatus and a table. In addition to this,



there is a single cell lMinerals Separation machine and ample
facilities for cyanidation work. The model mill unit enables
tests to be made under conditions approximating very closely
those existing in actual ore-dressing plants, although, as a
matter of fact, results obtained in these tests can usually
be bettered in practice since 2 closer regulation of conditions
and cuantities is possible due to larger scale of operations.
The apparatus above mentioned has already been used
in Graduate School work by A.J.P. Walter, M.Sc., who investi-
gated certain of the ores ete. in his experimental work. The
flotation part of R.E. Legg's research also was performed on
the single cell M. S. machine.

As already stated above, there are certain commercial
mills employing flotation for the treatment of gold ores.

Such plants are, however, the exception - especially in the
more important gold mining camps such as the Witwatersrand, the
Porcupine and the Kirkland Lake districts.

A rather striking application of flotation occurs in
the treatment of Copper - Gold ores at Tul Mi Chung, Koreal.
The ore is very complex, copper, gold, silver, bismuth, moly-
bdenum, iron, arsenic, zine and led4d minerals all being present.
Research work was started in 1915 and various methods of treat-

ing this ore were attempted. Tebling and amalgamation were

"Concentration of Gold Copper Ores by Froth Flotation at
Tul i Chung, Korea. R.J, Lemmon T.I.H.M., Vol.33, 1924.



tried and discarded. Flotation, followed by treatment of the
tails 05’0verstrom tables next held the field. This method
gave a satisfactory copper recovery, but the gold extraction
was low. It became obvious that fine grinding was necessary
and it wad noticed that the gold losses were proportional to
the unrecovered pyrite. Following further careful research
the plant adopted all flotation practice, which gives satis-
faction at the nresent time. The gold recovery has been
raised from 58% to 76,2,while the conper recovery is 92%.

The 11ill Feed at this plant contains:-

1.2% Copper
3.5 - 8.0 dwt. Gold/Ton, and the

Concentrates assay:-

24 - 25, Copper.
100 dwt. Gold/Ton.
6 oz, Silver/Ton.
Plans have been made to re-treat the old table tailings by
flotation, employing sub-aeration type machines. The average
recovery expected is 1.50 dwt. Au. per Ton, and 0.07% S.
owing to
Turning to Canada, /the unpleasantly high losses in
the cyanidation tails,- the Wright Hargreaves Gold Mine,
Kirkland Lake, in 1925, undertook some research wnrk.l "The
éhief source of loss lies in the tellurides which are found in
the lower levels of the mine. These tellurides are unaffected

by cyanide, or nearly so. Hence this is an inereasing source

of loss, as the mine gets deeper. The relation of values

1.Treatment of the Telluride-Bearing Gold Ores of the Wright-
Hargreaves iiines,Ltd. Mueller, Grant & Heath. T.A,I.M.M.E.,
Feb. 1926.



as distributed between cyanide soluble gold and cyanide
insoluble gold is rather constant, so that the tailing to be
produced can usually be foretold from the assay of the mill
head. Grinding and milling conditions being normal, about
6.7% of the value would be represented by telluride losses.
With a base tailing as represented by regular solution losses
+ coarse material + ordinary cyanide losses equal to $0.40,
the daily tailing from the plant would be calculated; for
example :-
Mill Head $12.00, Tailing $0.40 + 0.067 x $12 = $1.20 1.
" " 20.00 " $0.40 + 0.067 x 20 = $1.74

After considerable experimental work,the Wright-
Hargreaves Company decided to treat the underflow from the
classifiers by flotation in Callow Cells, the concentrate being
sub jected to treatment by bromo-cyanide. The flotation tails
are then returned to the ceyanide circuit and treated in the
usual manner.

Flotaticn is also used in other mills for the treatment
of gold ores, in widely scattered places. Among these mills
may be mentioned the Shawmut-Belmont,? the Belmont-Surf Inlet,
The Mothery Lode, California. Certain Colorado mills and

mills in the Kalgoorlie gold 1"ielc1;3 of Australia.

l. Treatment of the Telluride-Bearing Gold Ores of the Wright-
dgroreaves .iines Ltd. (previously quoted #

2. R.z. Legg, M.5c. Thesis,1924. "The Applicetion of Gravity
Concentration and Flotation as accessory to Cyanidation in

~ the Treatment of a Porcupine Ore." :

2

3.Truscott, Text Book on Ore Dressing, p. 483.

\



Before discussing the recent experiments by the writéf,
it might be well to give a resume of the work done by previous
research fellows in Mining at MeGill, on this sub ject.

R.E. Leggl' approached the flotation of gold ores as
an accessory to cyanidation, whereas the writer proposes that the
cyanidation of gold ores be replaced by flotation. His results
are'particularly interesting on account of data obtained this
year in certain tests on low grade Hollinger Ore. Legg encounter-
ed difficulty»in obtaining a gbld extraction greater than 80%,
while he obtained 89% extraction of the pyrite. The cause of
this low gold extraction he claims is the coarse free gold, as he
obtained colours of free gold on panning the flotation tails.
Panning and flotation'gave a 97.2% extraction and a tailing |
assaying about 0,01 6z. Au./ Ton. |

Snijmanz found that lots of ore graded by sereening,
contain sulphides in direct proportion to the percentage weights
of the sizes, This holds good for the flotation tails of
Porcupine Ore, according to Legg. If this were the case also
for the cbncentrates, then liberation would be proportional to
the grinding. Amélgamation tests on an ore ground to 82%

minus 200 mesh gave 87.8% extraction.

1. R.E.Legg, M.Sc.Thesis, 1924 (previously quoted).

2.
~Jd.Jd. Snijman, Coarse ¥s Fine Grinding in Gold Recovery by
Cyanidation. M.Sc.Thesis,McGill University, 1924,



Roasted flotation concentrates yielded 90% extraction
with high cyanide stréngth, (4 1bs./Ton) when agitated for
24 hours. Using 2.4 lbs. of cyanide and agitating for 26 hours
the extraction was only 80%. 1.55 lbs. of lime were used in
both cases.

In the case of flotation tails, a 92.7% extraction was
obtained using 1 1b. of cyanide and 24 hours agitétion. The
impaftance of the time factor in extracting gold, especially
when metallies are present, was clearly shown in thesé tests.

Legg also carried out tabling tests, énd found thaf the
gold values in the three products were'proportional to the
sulphide cqntent,due to the fact that the stamp battery residués
contained most of the coarse gold due to'classification; The
~table middles and tails were mixed,then flos&ted, an extraction
of 88% of the gold being obtained. |

The total gpld extraction by tabling and by the
flotation of table middles and tails was 96.5% to 97.6%.
Cyaniding the roasted concentrate gave a 99.5%,extraction with
36 hours agitation. Only 91.5% extraction was obtained on
the unroasted concentrate. |

Legg suggests floating the ore, then tabling the
tails, the concentrates from both these operations being
clagsified, and ground in closed-circﬁit, before being sent

to a filter. .They would then be roasted and finally cyanided.

It is interesting to note that both Walter and Legg suggest
tabling the flotation tails. In practice this would probably

prove too costly to be adopted, as very nearly the whole original



feed tommage would have to be so trested. It is reasonable
to assume that the concentrate would be but a very smell pro-
portion of the feed. Another reason against the use of
tables for re-treatment of the flotation tails is the low
efficiency of tebles treating such an ore ground to the size
necessary for successful flotation.

A.J.P. Walterl carried out a large number of tests
using both the model mill, then equipped with Callow celle only,
and the single-cell Minerals Separation machine. He studied
in considerable detail the effects of various reagents and
mechanicel ad justments of the apparatus. His results are
particularly interesting as they afford a chance to compare the
performance of the Callow and ilinerals Separction machines.

With rich ore from the Lakeshore wine (assaying 2.5 oz
Au per ton) he obtcined an extraction of 87.5,0 with tails
assaying about 0.5 oz. Au per ton, and concentrates 6.0 tb
25.0 oz. Au. per ton.

Most of Wzlter's work was done on Wright-Hargreaves
ore, but his results were not narticularly encouragcing and
certainly not as good as those obtained by cyanidetion. Certain
mechanical manipulations, such as changing the blanket on the

Callow cells, were found to aid the percentage reduction of the

T |
A,J.P, Walter, "Reduction of Telluride Ores", M.Sc Thesis,
MeGill University, 1¢88.



values in feed to values in tailings and to lower the values
remaining in the tails. The percentage reduction is the
relation the gold values in the feed minus the gold values in
tails bear to the gold values in the feed, expressed as a per-
centage. It is an index of the actual extraction, and is useful
when this is not available:

e.g. Feed assays 0.76 oz. Au./ Ton.

Pails " 0.0825 " w n
%‘reduction = 0.760:72.0825 £ 100
= 89.0%.

Recovery, or extraction, is taken to mean the total amount of
gold obtained in the various products, other than the tails,'
expressed as a percentage of the total gold fed to the circuit.
A more dilute pulp yielded a cleaner concentrate, but the
extraction éuffered._

In the ore treated the proportion of floatable mineral
is very small, hence in order that the oil be of sufficient
concentration to enable it to function properly and without
waste, the ore pulp should have a rather low liquid-solid ratio,
3 or 4 to 1. A high liquid-solid ratio will mean that only the
vmost floatable mineral will become suitably oiled and floated;
thus yielding a qlean froth, but the tails will consequently
carry unpleasantly high values. The high liquid-solid ratios in
Walter's work are on account of the extra water necessary to‘

Xeep the 150 mesh screen from'blinding._ ‘



The addition of lime in certain cuantities, viz. up
to 0.01# Cal per Ton of Solution, gave a better percentage
reduc tion and lower tails.

Sodium Silicate gave increased extraction when used
in amounts up to 3 1lbs. per ton of Solution.

Gas Tar oil did not prove particﬁlarly successful
for though lower tails were obtained the percentage reduction
was lower, due to lower feed values. Grinding to 955 minus
200 mesh was used in this case.

The best results he obtained occurred when the froth
on the rougher cell was 4% inches deev. (See tests 17-21).
The tails assayed about 0.l oz. Au. per ton, and gave a ner-
centage reduction of over 83%.

In conclusion, Walter suggests that work on this
subject be carried out, using a Minerals Beparation machine
instead of a Callow; that the effeet of Sodium Silicate be
studied in large scale tests and, thirdly, that tests be made

on the tabling of the flotation tails.




THEORY.

In this section the writer proposes to deal briefly
with the Theory of Flotation. It seems needless to go into the
matter in detail as 1t has already been ﬁreated"in a masterly
manner by writers of fenoﬁn, but as the description and dis-
cussion of the experimental work which follows necessarily
assumes a knowledge of the subject, it is desirable to present
here a summary statement of the Principles of Flotation.

For the benefit of ahy reader who may desire further
information on the theories involved, a selected bibliography
is appended to this section. .

H., L. Sulman defines flotation as "ore-dressing processes
wherein metailic sulphide or other particles suSpehded'in an
aqueous ore pulp are recovered therefrom by an air-bubble frothl."1

The mejority of ores, except those of_iron,consist of
particles of metallic compounds often quite high in value, dissemin-
ated through gangue material (rock) of little or no value, and
the economic use of the ore involves the concentration of the
valuable material by the elimination of as much as possible of the
worthless roek.

When the valuable particles are fairly large the usual
method of concentration is to erush the ore to whatever degree
is neeessary to~free'the constituent minerals from the rock, and

then to separate the metallic compounds from the rock by methods

1.
"A Contribution to the Study of Flotation", H,L. Sulman,
T I.M.M, Vol. XXIX, 1919-20. ‘
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depending on differences in specific gravity as in the vast
ma jority of cases the minerals have a much higher density than
the gangue.

However, the successful use of gravity concentration
decreases directly as the size of the mineral particles to be
so treated. The lower economic limit is reached when the ore
is ground finer than about 100 mesh. Flotation can be success-
fully applied to ores as coarsely ground as 48 mesh and from
that size down to an extremely fine state of sub-division, so
it is obvious thet the fields of these two nrocesses supplement
one another and fortunately overlap to some extent.

The actual operation of flotation is carried out
somewhat as follows: The ore from the primary erushing circuit
is ground to the final size usuwally in ball mills, operating in
closed circuit with classifiers. The common practice is to
add the oil and frequently the modifying agents into the ball
mill, thus allowing intimate contact with the ore particles.
The comminution may take place with or without water, usually -
the former, depending on practical consideration, changing for
each ore. In order to carry out the flotation of the valuable
minerals there must be an agueous ore pulp, the ligquid-solid
ratio varying from 2.5:1 to 6:1. The next stage is the aeration
of the ore pulp, which may be carried on by violent agitation,
as in the mechanical type of flotation apparatus, or by the
injection of streams of air bubbles under loW pressure as in
the pneumatic type of macnine. This aeration allows the air

bubbles to attach themselves to certain mineral particles, as
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explained later, which rise to the surface, there forming a
mineral-bearing froth sufficiently strong to withstand the
weight of the mineral. 'ghe gangue particles which do not
attract the air bubbles, sink to the bottom and are'eventually
wasted, or removed as tailings. The froth is skimmed off

‘and forms the concentrate.

The minerals most readily floated are the metallic
sulphide and native metals, though there are many others that
exhibit this property , but to a less degree in most cases.

The floatable minerals exhibit the tendency to float to a
different degree, characteristic of each mineral. Hereafter
in this thesis, in explaining flotation, the word sulphide
is used as a general term to cover all floatable minerals.

The difference in degree of floétability of sulphides
is mentioned in the preceding paragraph. In ordinary flotation,
one concentrate and one tziling is produced, but by accentuating
the differences in floatability by refineuments of operation, such
as the addition of agents, we may obtain two or more concentrates
of different character from complex ores before finally discard-
ing the tailing. These agents may act either chemically or
physically, and the effect produced on the sulphides may be
either permanent or temporary. A very close regulation of
their use is generally necessary.

Differential flotation offers a wide field of experiment

for complex sulphide ores.
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In order to understand the theory »ut forward to cover
the various phases of flotation, it is necessary to comprehend
the molecular tineory of the constitution of solids and liocuids
as commonly accepted. There is no need to give details of this
wellknown tiaeory in a work such as this.,

As the degree of sub-division increases the ratio of
the surface of a particle to its volume increases z2lso, until
at a certain point, approximately 80 mesh, the influence of
gfavitational forces is less than that of the surface or molecular
forces acting on thet particle. Hence when finely divided ores
are treated, gravity plays a negligible part in flotation
phenomena, while molecular forces are all important.

Various substances exhibit different degrees of wetting
and it is upon this phenomenon that an explanation of flotation
may be attempted. Wetting is defined by Truscott as the
spread of a liquid over the surface of a solid to the displace-
ment of air or another liquid; air is the medium usually dis-
placed. A substance which is completely immersed in any
particular ligquid is not necessarily wet, and on its removal it
may remain wet, or wet to a certain degree, or may even appear
to repel the liguid from its surface, and thus to remain dry.

"Wetting which depends on the degree of adhesion
established =t the plane of contact between liquid and solid

. . s ’
is therefore a condition of wide variability." -

H.l Salman , opss cs” A
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Different minerals are wet to different degrees,
for instance oxides and most gangue minerals such as silica,
are wet quite readily by water, whereas metals and sulphides
do not exhibit this property to nearly the same degree.

The extent to which wetting takes place depends on
the relation of the surface tension to the interfacial tension.
In this paper it will suffice merely to define these terms
and the reader is referred to Edser's "General Physics", and
to Sulman's paper qlready quoted for more detailed information.
Surface Tension is due to the lack of molecularlforce above
the surface; hence the unbalanced or unsatisfied forces of the
surface layers of molecules tend to deflect and link these
molecules together. Interfacial tension results from the un-
balanced molecular attraction at the surface. Adhesion is
molecular attraction between interfaces hence it creates a
pressure. Consequently when interfacial tension is high the
adhesion is small and vice versa.

Hence wetting is dependent on the matter of the
surfaces of contact and on the relationship of the interfacial
tension to the surface tensions.

Imagine a drop of water on the surface of a solid
otherwise in contact with air, as in Fig. /4 Let érl represent
the surface tension of the water; eritham of the solid and
J’iz the interfacial tension between solid and»water. The

contact angle marks the equilibrium between these forces. The



tendency of each of these three forces is to contract the
surface from which it derives. The solid surface being rigid,
it is obvious that neither the solid face nor the solid-water
interface can be reduced by actual contraction of the solid.
As a result, the point of contact is displaced along the solid

surface, this amounting to virtual contraction.

Fig. A
If the surface tension be the greater, the water is pulled
over the solid meeting it at an acute angle. In such a
case the solid is said to be wetted by water, or to display
a preference for it. (Fig. B ). An obtuse angle is formed
if the interfacial tension is greater. The so0lid exhibits a

preference for air in this case (Fig.(C).

Fig. B. Feg. C

The Forces oare no¥ orvwrr Fo Scaok



The equilibrium reached in wetting may be expressed

quantitatively by the equation:-
5-12 xd1 cosb =d2.

This formula is limited in its application as it contains two
unknowns

The contact angle exhibits both an upper and lower
limit, the difference between these two values being known
as the idysteresis of the contact angle. For instance,water
will not advance until the maximum value has been exceeded,
nor retreat until the minimum angle has been reached. In
Fig. D at (a) the normal contact angle € is shown while
at (b) the maximum and minimum values & and.ﬁz are given. The

hysteresi-é;is represented by (67 -85).

Hysteresis is a measure of the anchoring of the
water surfzce to the solid surface, and is doubtless ude to
an interlocking of the water and solid molecules.” °

Very large contact angles, grezater than 90° are
indicative of non-wetting and preference for air., Angles

less than 90° indicate wetting.

1. '
Contribution to Study of Flotation, Sulman, T.I.M.{. Vol.29
’ . page 1l4.



"It is therefore evident that contact angle and
hysteresié thbughhindicative of ease of difficulty of wetting
and some guide to fl&tability, de not directly disclose the
essential relationsg in flotation; The same may be said of
wetting itself.ﬁl‘

Flotation is dependent on the rela tion between the
water tension and the interfacial tension whereas non-wetting
is contingent on the relation between the solid tension and
the interfacial tension. It has been found by expé;iment that
the interfacial tension can be varied by chemical acﬁion, or by
electrostatic charge. The floatability of a mineral is enhanced
by increasing its surface tension, and vice versa.

| The condition of the surface of a minerai hag é great
deal to do with jts floatability. Grinding has been fbund to
have consideré%le«effect, doubtless due to strains set up within
the mineral and to alterations in its surface énergy. Long delay
or exposure bétween comminution and floating freduently renders
successful flotation difficult or impossible,partly due to oxida-
tion and partly to the changes in surface energy. Freshly ground
surfaces e?hibit a tendency to wet easily. Hence gangue minefals
are very thordughly‘ﬁetted when the usual practice of wet crushing
is followed, and conseguently show even less tendency to float.

Sulphides act similarly, but to a less extent,

1. ,
Text Book on Ore Dressing, Truscott, p. 492.
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We are now ready to discuss the formation of froths
and the aeration of the ore pulp with the consequent flotation
of the minerél and sinking of the gangee.

The presence of molecules of a foreign substance at
the surface of a liquid influences the surface tension of the
liquid, inereasing or decreasing it depending on whether the
foreign molecules are negatively or positively adsorbed. Ad-
sorption is the result of surface tension and occurs when
foreign molecules are dissolved in a licuid. It is either
positive or negative according as the foreign molecules tend
to concentrate at the surface, due to greater attraction
between water molecules than between a water molecule and a
foreign molecule, or as they tend to concentrate at the centre
of the liquid ﬁhen the attractions are the reverse of positive
adsbrption.‘ Sulman; goes into this question in considerable
detail. |

The property of frothing which a liquid aecquires is
due to lowered surface tension caused by an adsorption.

A bubble film of pure liquid is unstable since the
slightest external force such as drainage of liquid by gravity,
evaporafion, ete. would rupture it, e.g. a bubble formed at
the surface of pure water bursts immediately.

Imagine a substance to be positively adsorbed in a
juie liquid, 81 is lowered.. If a unit area of such a film
be stretched, the film will be thinned and the molecules
in the middle of the film will be drawn into»¥he outside layers

consequently diluting the foreign molecules. The surface tension

I. Study or Flotation, H.L,oulman, T.I.M.M, 6 V6l.29, p.94-97.



of the f£film will therefore be increased, thus tending to

resist rupture. Similarly the surface tension will be de-

creased if the film contracté; Hence the film is elastic,

and stable equilibrium results  "Low surface tension alone

will not give film stability . .. Contamination is necessary."l
Different substances exhibit different powers of

adsorption, so that_if two solutes are present in the same

solute, the one tending more strongly to be adsorbed displaces

the other from the surface layer. Thus, in order that mineral

particles are not to be displaced from the surface by froth-

ing'agents, the latter must be sufficiently adsorbed to form a

strong and elastiec f£ilm, but not so much as to prevent adsorption

of the mineral. The frothingyaggnt is added to confer elasticity

on the water film, as the mineral particles alone cannot do so

sufficiently. It will be seen that a joint adsorption is

required. The soluble portion of many oils serve very efficiently

as frothing agents, and the insoluble part of the oil adsorbed at

the mineral surfaces decreases their adhesion for water. Hence

a single oil may act as both frothing agent and as filming agents

in enhancing the floatability of sulphide particles. Various

substaneces such as phenols, cfesols, pine oils, terpenes,etec.

are used as frothing agents. A satisfactory frothing agent

must produce a large bubble surféce and still leave the bubble

film with sufficient mineral adsorptive energy.

1.
Study of Flotation, H.L. Sulman, T.I.M.M. Vol. 29,p.97.



Completely insoluble oils are unsatisfactory for
flotation, but nevertheless they may be well employed when
mixed with eresol or other frothing agents. This insoluble
portion when adsorbed at the mineral surface increases the
eontact angle with the air-water surface, thus enhancing the
floatability of the mineral and strengthening'the mineralized
film., This oil film on the mineral, also increases the
hysteresis 6f the contact angle, thus "stiffening" the froth.

The froth consists of mineral slime, several particlss
thick, and sane larger particles. These coarse partiecles alone
will not form a froth, but may be raised to the surface on
being attached to air bubbies and there show a tendency to
become dislodged. Additional rising air bubbies presentlthese
particles from sinking entirely and again raise them to the
surface where they may be held by a loose froth system.

The immiscible o0il thus serves as a collecting agent
and must consequently be thoroughly distributed throughout the
ore pulp. Since the o0il film coating the mineral is very thin
a very small amount of o0il is required, usually much less than
1% of the ore by weight. Greater quantities of oil hinder
flotation, tending to produce granulation or aggregation of the
mineral particles as in the Caftermole system, due to the ad-
hesion for oil.

Similarly the air bubbles must be minutely sub-
divided and widely distributed throughout the pulp in order
that each mineral particle may have ample opportunity for

contact with the air and of becoming attached thereto.
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There are used in flotation practice many substances
termed modifying agents whose function is to increase the
difference in floatability between the sulphide and gangue part-
ieles. These agents usually act by inereasing the wetting of
the gangue by reducing the gangue-water contact angle. De-
flocculation indieates complete wetting and some reagents
aceomplish their work in this manner. Other modifying agents
act by adsorption thus promoting the wetting of the gangue.

The fineness of grinding has a considerable effect
on flotation as finely divided mineral particles are readily
adsorbed and also adsorb immiscible oil.more readily than the
larger crystalline particles. 1This necessitates floceulation
and the provision of sufficient "slime" to agglomerate the
larger partiecles thus ceausing their flotation. For further
information concerning the theories of flocculation and de-
flocculation, the reader is referred to Sulman's paper already
mentioned.

As no differential flotation was carried out in the
experimental work connected with this thesis, there is no
need to go into the matter in detail.

A selected bibliography is herewith appended.
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DESCRIPTION OF ORES.

l. Hollinger Low Grade Ore:-

A great variety 6f minerals, both metallic and non-
metallie, occur in the oré bodies. Among these minerals may
be mentioned native gold, silver and copper, pyrite, pyrrhotite;
chalcopyrite, sphalerite, galena, molybdenite, arsenopyrite,
various tellurides, oxides, scheelite, silicates, carbonates,

ete. _
Most of the gold occurs in the native state, chiefly

associated with pyrite. ZFree gqold also eccurs less commonly
with other metallic ores, or alone in the rock matte. It also
occurs as telluride of gold, but. such occurrences are rare in
the Hollinger, although at one place peYXzite was found carrying
11% of gold and 26% of silver.
Pyrite is the chief metallic sulphide, and is common

to all deposits. It usually occurs in the form of very small
cubes, but occasionally is massive. It is found in the country
rock as well as in the veins. Much of the gold is locked wup
in the pyrite, assaying being the only means of distinguishing
the auriferous pyrite from the non-auriferous. The ore carries
5 to 15 per cent iron pyrites, the average being about 5.5
percent. Combined silica in the ore varies from 49 to 52 per
cent, while quartz constitutes about 40 percent.

| The ore used in the tests assayed about 0.255 oz. Au.
per ton. For further details as to the ore, the reader is
refefred to the Annual Report -of the Ontario Debartment of Mines,
Vol. 33, part 2, 1924, "The Porcupime Gold Area" by A.G.Burrows.
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2 Kirkland Lake Ores:-

The ores consist of a broken coarsely crystalline
quartz with other minerals deposited in the fractures. Iron
pyrites is the most abundant sulphide, being found in both
the ore énd the wall rock. It is usually well erystallized,
though occasionally finé'grained. Chalcopyrite occurs chiefly
where‘the ore is gold bearing. Galena, sphalerite and moly-
bdenite also occur in small quantities.

Gold bearing solutions have evidently circulated
through fracture vlanes and have enriched the minerals by
deposition of gold in these fractures, Mo vement took place,
and the gold bearing minerals were crushed, polished or
slickensided. A later deposition of go;d.followed.

The gold occurs native or freé; as auriferous pyrite
and as tellurides. As mentioned in the introduction it is
these tellurides that complicate the problem of treatment of
the ore. The most common telluride is altaite (Pb Te),
telluride of lead, and is usually accompanied by visible gold.
Calawerite, (Au Tez) gold telluride, has been recognized; it
assays 40.6 percent gold, and is sparsely distributed through-
out the ore. Kalgoorlite, a telluride of mercury, silver and
gold also has been recognized. A mercury telluride, colorad-
oite, associated with native gold, altaite,pyrite and chalco-
pyrite is found in Vein No.2, Lakeshore Mine. Petzite, MNessite
and other tellurides have also been reported as occuriing in

the Kirkland Lake deposits.
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The Wright-Hargreaves ore which was used in the
flotation tests assayed about 0.56 oz. Au. per ton, and is
a typical Kirkland Lake distriet ore.

The Lakeshore ore is of a much higher grade, and is
inelined to be "spotty" on account of the large amount of
free gold occurring therein., Otherwise it is similar to
other ores of the camp.

The gangue is composed of quartz, greywacke, syenite,
conglomerate, porphyry, calcite, etec.

An excellent account of the Kirkland Lake camp is
to be found in Annual Report, Ontario Dept. of Mines,7Vol.32,
Part 4, 1923, "Kirkland Lake Gold Area," by Burrows and

Hopkins.
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DESCRIPTION OF APPARATUS.

1. Single Cell M. S. Machine,(see Frare Z)

This piece of apparatus (Fig.l) was used for
ecarrying out the small scale tests. It consists of an
agitation chamber 43" x 43" x 14" high, internal dimensions.
The froth collectingrchamber or spitzkasten is a wedge-shaped
box attached to the agitation chamber about 5™ below the top
of the latter and extending about the same distance below it.
The apex of the wedge is at the bottom. Ffom a point about
2" above the apex of the frothing chamber a 3/4" pipe leads to
the bottom of the agitation chamber. About half-way up the
agitation chamber is an aperture 3" x 2" conrecting it to the
frothing chamber. This aperture is equipped with downward
sloping baffles to start the pulp in a downward direction on
its arrival in the frothing chamber. The oiled mineral will
be floated to the top by the bubbles,while the unoiled gangue
will continue on the downward path thence through the pipe
back to the agitation chamber.

The impeller, placed inside the agitation chamber,
has eight bronze blades, connected at the base'by a circular
bronze plate. The rapid rotation of the impeller (1200 r.p.m.)
causes a two-fold action,-one, the circulation of the ore pulp
as outiined above and, secondly, the aeration and thorbugh

agi%ation of the pulp by forming a vortex in the agitation box

into which air is sucked and broken up into bubbles. The



impeller is attached to a vertical shaft which is belted to
a & H.P., electric motor.

The finely ground ore and water is fed into the
agitation box, together with such oils and reagents as are
desired. The action of the impeller causes the pulp to be
thrown violently against the sides of the chamber from which
it cascades, entrapping air which is then minutely subdivided
‘'and thoroughly mixed with the pulp at the centre of the
chamber. The mixed and aerated pulp passes from the agitation
box to the frothing chamber by the aperture with the baffles
taking the course deséribed above, The floated mineral is
skimmed off by hand as a concentrate. There is a secrew plug
at the bottom of the frothing chamber which permits the removal
of the tailings at the conclusion of the test.

The ore is ground in a small ball mill, 6" long by
82" diameter, by means of steel balls of diameters from 1 to
1% inches.

| The following is the usual procedure when carrying
out.a test on the singie-cell M. S. machine:-

A weighed amount of ore, usually 500 or 1000 grams
-is put in the ball mill with a known volume of water, such as
to give a 1:1 pulp approximately, together with whatever
reagents or oils are desired, and the whole is ground for a
certain time. After grinding, and removing from the ball
mill, the pulp is charged to the M.S. machine and the pﬁlp
bfougﬁt up to the correct level by the addition of water. This

gives about a 6:1 dilution when using 1000 gramés of ore.

The test in the flotation machine is continued as long as a
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sufficient amount of mineral is obtained in the concentrate

or as long as conditions demand. TQZZTZéén froth is skimmed
off during the test whille the tails are removed at the end of
the test, by means of the plug in the bottom of the frothing
chamber. The products, concentrates and tails are dewatered
by a suction filter, dried in a steam oven, weighed and assayed
after suitable preparation.

The small scale tests such as are obtained by the
above procedure are not accurate, but they give very excellent
indications of the action of various reagents, and are of
very great help in gathering data for planning large scale
tests., One thing is certain that results obtained in these

small scale tests can always be improved on in larger scale

ruhs, and still more so in aetual practice.

2. The Model Mill.(Plafes Z 348 <75 2.)

The ore is fed into the ball mill by means of an
endless belt which forms the bottom of a hopper of 100 1bs.
capacity.

The belt is intermittently driven in a forward
direction by a somewhat complex lever, pulley and cam system.
As the belt moves forward it carries a ribbon of ore with it
ﬁhich drops into the hopper of the ball mill. The amount of
oré fed into-this hopper with each movement of the belt is
reéﬁlated by a micrometer screw.

- A revolution counter is attached to the eccentriec
thus enabling the weight of feed for any number of revolutions
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tp be calculated. This permits checking the amount fed
per hour and thus ascertains whethei there is slippage of
the feed belt. It was noticed that the belt driving the
pulley slipped a good deal. This slip could be eliminated
by using a chain and‘sprocket drive.

| The ore is given its final grindihg by means of a
ball mill, 13 inches in diameter and 20 inches long. Six
bars or lifters have recently been placed inside the ball mill
to increase its grinding capaéity by giving a more positive
1ift to the charge. The mill rests on four 22" rollers by
means of .its flanged ends. One pair of these rollers is
driven by a belt to the mainvshaft and causes the ball mill
to rotate at approximately 40 r.p.m. |

The ball load consists of about /70 1lbs. of manganese
steel balls, 12" & 2" in diameter.
The ore pulp is fed into fhe mill by means of a

scoop feeder, 2" wide. Phe ground pulp is discharged through
a screen scerewed to the end plate. Various sizes of screens
can be used. The under-size is discharged into a funnel which
forms one leg of an air 1ift by which the pulp is conveyed to
the Akins classifier. Former practice was to feed the undersize
by gravity directly to the flotation machine . Water is added
inside and for outside the sereen, to pre-vent blinding and to
make the pulp sufficiently dilute to enable the air 1ift to
handle it. The small amouttt of oversize obtained with the coarse
seréen used with the classifier in circuit is colle cted in a pan

and returned by hand at intervals into the ball mill. This over-



size was formerly returned to the mill by air 1lift.

The Akin's classifief consists of a semiecircular
trough of galVanized iron, 74 long by 7% inches in diameter.
Running lengthwise is a 13" shaft to which is attached by
means of 3" stove belts 73" long a galvanized iron spiral of
2" bitch.;- The width of the sPiral‘bladés is 1". Small
'séctions of the spiralvare removed to allow some of the water
to overflow instead of being dragged up with the oversize.

The spiral revolves at about 25 r.p.m., and is driven by level
gears and belt from the main shaft. The inelination of the
classifier can be altered by raising the angle iron framework
at the oversize discharge end. The feed enters the classifier
about 5" from'the»undersize discharge or lower end, the fines
or undersize being discharged over a lip into a funnel and a
g piﬁe leading to the M.S. machine into which the pulp flows
b& gravity. .The coarse material or oversize settles rapidly,
and is slowly conveyed against the water flow to the upper end
of the machine by means of the revoiving spirals which maké a
close fit with the bottan of the clsssifier. The oversize is
di scharged into a launder retuwning it to the ball mill for
re-grinding. A considerable ampunt of experimenfal work was
performed in adjusting the classifier and for each test it was
necessary to obtain a balance, i.e. to ascertain‘that the
classifier was discharging the same amount ofvsolids as under-
size tﬁ;£ was being fed into the ball mill, and at the desired
dilﬁfion@ This consumed a good deal of time and required much
careful adjusting of water, feed per hour and inelination of

classifier to the horizontal. The classifier inclined at its

Jo
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usual angle about 15° holds 4250 cc. of water.

0il and reagents are distributed to suitable parts of
the -eircuit by means of two oil feeders, one mounted on the
mill frame, the other on the M,S, machine frame. Each consists.
of 4 cast iron wheels, 8" diameter and 1" wide at the periphery.
Thesé are mounted on a common axis, being submerged in whatever
oil or liguid be held in the glass container underneath each
wheel., The film of liquid thus adhering to the rim is scraped
'0ff by copper wires Fflattened at the contact with the wheel, and
drops of ‘liquid run'QOwn the wire to gather at the end before
falling into tin piﬁes leading to the desired place in the
circuit. The inclination of the wires and their point of con-
tact with the wheel are adjustable. The point of contact is
above the axis of rotation‘of the wheels for obvious reasons.

The main flotation unit used this year in the model

mill circuit is a 10-cell Minerals Separation machine of
modified type designed by Assistant Professor Erlenborn. The
outstanding feature of this machine is the parallel flow of pulp
main{aiﬁed from the bottom of the frothing chamber to the bottom
of the agitation box of the same cell. The pulp is passed on
to the next cell by means of a square tube of adjustable height
i.e. variable weir-overflow, extending down the front right-
‘hand corner of the agitation box to the bottom of it, thence
through the partition into the agitation chamber of the next cell
(see fig. 2); It will be seen that the ore pulp can only be
ﬁassed on to the next cell in series as the preceding cell is
filied to the desired level and overflows into the communication

tube. The pulp flows by gravity aided by the suction of the
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impeller into the next cell. A great advantage of this design
is that thé feed can be stoPped at'any timé without disturbing
the balance of the cireuit. It is obvious that a much more
thorough agitation can be thus obtained. In arder to make the
regulation of the pulp level more positive, an adjustable gate
valve is placed over the ofifice at the bottom of the frothing
chamber which leads by means of a pipe to the bottam of the
agitation box.

The unit consists of 2 agitation cells followed by
8 flotation cells, all this béing mounted on a wooden frame.
Phe agitation boxes of all the cells are 5,7/8" x 5 7/8" by
124" deep. The frothing chambers are 5,7/8" wide by 9Frlong,
and 22" deep. The pipe leading from the spitzkasten td the
agitation chamber is a short section of rubber hose slipped
ovef 2" nipples. The communication pipe or weir overflow is
2" x 3" with a smaller pipe meking a snug sliding fit inside
it to enable the height to be adjusted.

The impellers are 8 bladed,of the Howard type, made of
bronze. i1 he spindles are mounted on 2 bearings and are driven at
1200 r.p.m. by 4" flanged pulleys with 1" belts taking power
from a 5 H.P. electric motor.

Launders of various types can be used for collecting
the concentrate whigh is skimmed off by hand.

'The flotation tails may be pumped directly to a large
storage cone by a small centrifuggl pump or may be sent fo a

smaliAWilfley table by means of an air 1lift.
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The Wilfley table is mounted on the frame of the model
mill, and has prbved'itéelf'to be of considerable use as an
indicator. Durihg'seﬁeralftests é.few.flakés of free gold were
noticed on the table when the M. S.ttails'were passed overvit,r
but the amount of concentrate obtainedrﬁas.smail and low grade.
The table concentrate may be cellected in a tub and the.ﬁails
puﬁped to storage.

The concentrates from the M.S. machine weré at firét |
sent by gravity to a small cleaner flotation cell of the Callow
type attached to the framework of the model mill. This cell
raised the grade of the concentrate considerably, but caﬁsed
quite appreciable losses so the practice was discontinued. The
Callow cell tails were returned to the head of the Minerals
Separation unit. The residual material in the cleaner cell
gave a high assay.

The‘model mill is supported by an angle iron framework
so designed that the different pieces of apparatus are at
diffe:ent levels and gravity plays a prominent part in the flow
of puip from stage to stage. The various units are driven by a
6 H.P. motor.

An exeellent detailed description of the model mill
is given by A.J.P. Walter in his Thesis on the Reduction of

Telluride Ores, 1926.
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Flow Sheet of Model Mill.

Ore ground to minus 4" is fed into the ball mill by
the feeder belt and the scoop-feed of the mill. The heavy
Barrett #4 oil is usually fed here. The discharge of the ball-
mill has to pass through a screen attached to the mill. The
oversize is discharged at the open end of the screen and is
returned to the front of the ball-mill for regrinding. The
undersize was, until Test 7, fed direct to the 8-cell Minerals
Separation machine. Recently an Akin's Classifier was built and
installed ih the circuit so that now the undersize from the
screen,. of coarser mesh than previously used, is fed to the
classifier by means of an air 1lift. Water is added in the
interior of the secreen. The classifier, which is adjustable
as to slope, makes two products, the oversize which is dragged
to the top of the classifier by the spiral and is réturned to
the ball-mill for further comminution, and the undersize which
is fed into the flotation machine by means of gravity. The light
pine 0il and such reagents as are used are fed into the circuit
at the classifier undersize discharge.

The pulp obtains a thorough agitation in the first two
cells of the modified Minerals Separation machine before passing
to the eight flotation cells. The concentrate from-these cells
may be handled'in a number of ways:-

(1) It may be collected as one concentrate.

n

‘(2) momow " woon ", and sent to a Callow
cell for eleaning, the tails from the Callow being
returned to the head of the Minerals Separation circuit.
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(3) The concentrate from the various cells may be
collected separately, or grouped in any way desired.

(4) The concentrate from any of the boxes may be kept as
a final concentrate, and the rest returned to the
head of the machine for cleaning.
.The tails from the Minerals Separation machine may be pumped
directly to storage by a centrifugal pump, or may be sent to a
small Wilfley teble by means of an air 1lift. The table tails

are then sent to storage by pump, and the concentrates are

collected in a bucket.

(See Flow Sheet Fig. (3) for further details.)
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PROCEDURE FOR LARGE SCALE TESTS.

The ore, previously cerushed to minus 4 inch is
placed in lots of 20 lbs. to the feed hopper. “ The electric
‘motor driving the mill is then started and the air compressor
regulated to give the desired pressure. Next the wash water
to the ball mill discharge is turned on, and the oil feeder.
is set in operation; following this the feed is started, the
time and tachometer reading being noted. When the undersize
discharge from the classifier is at the desired dilution and
is equal to the input to the ball mill from the feeder, the
circuit is considered in balance and the Minerals Separation
machine is started so that flotation may be begun. The
balance is determined by coliecting a classifier undersize
discharge sample for a known length of time in a 1000 c.c.
graduate. The specific gravity ofdthe pulp is then determined
and the pounds of ore discharged per hour calculated. If the
ball-mill discharges through a screen, the undersize proceed-
ing directly to the flotation unit, there is no need of balanc-
7ing the machine as accurately. The balaneing process takes
a great deal of manipulation anl considerable time for each
test. |
| . The next step is to balance the flotation machine,
which is accomplished by judicious manipulatipn of the slide
valves at the bottom of the spitzkasten ahd of the weir overflow

or communicating pipes. It will be seen that one cell is
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regulated at a time. Before starting the motor driving the
impéller, the flotation eells are partly filled with water to
prevent the spindles from "springing" owing to lack of resistance
at their lower extremities. The pulp takes about 30 to 45
minutes to pass entirely through the Minerak;Separation ma.chine
and to build up the circtit.

Samples of the feed are cut every ten minutes while
Minerals Separation tailings samples are cut every five minutes.
In order to follow the trend of the test the duration of the
fun is divided into three approximately equal parts and the
va:?ous samples for each part kept separate. The concentrate
sample is usually cut from the total concentrates after they
are dried.

Screen analyses of each lot of feed samples are made
onnghe Bell screening machine. |

Specific gravity samples of the flotation feed are taken
att frequent intervals by collecting a fairly large volume of
pulﬁ in a 1000 c.c. graduate, the time required for collection
being noted. The total net weight of pulp is noted, and the

percentage of solids calculated from the following formula:-

D

percentage of solids in pulp

= 100 S (Y -1)
Y (S - 1)

100 x 2.65 (Y - 1)
1.65 Y

Y -1 ,
o = 160.5 ——m = .
Y

net wt. of pulp
volume of pulp

S = specific gravity of the ore = 2.65.

liquid to solid ratio = ;995:—2—

where Y

]
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‘The amount of solids fed to the flétation machine per hour is
calculated as follows:- |
D x weight of pulp = weight of'solidsjin grams.

wt. Oof solids x 60 x 60
453,6 x T

where T

= 1bs. of ore fed per hdur,f,

time in seconds required fdr.'f
collecting sample. '

The various samples are filbtered, dried, weighed and
prepared for assaying. Where a balance of the whole test
is dgsired the weightsof all products and samples are recorded
carefully, so that the total weight of the products may check
with the weight of ore fed to the machine.

It requires at least 3 men to carry out a test SuccessQ
fully on the model mill and flotation circuit. For any test
to be really satisfactory to any degree,at least, 200 1lbs. of
ore should be fed, usually involving a duration of 4 or 5 hours.
Doubtless much more reiiable results would be obtained if tests

were of 10 or 15 hours duration.

ASSAYING.

As a great deal of time was sDént in assaying,an
outline of the methods used seems in order. All samples were
grbdnd to lOO% minus 100 mesh.

The charges used for various grades of ore and the
 method of fusing them follow:-

1. Low Grade Tails (Hollinger)



37

1. Low Grade Tails (Hollinger).

Charge :-

Ore v. vveeee-v eos 4. assay tons.

PO tiveivencincee 25 0O "

S0G8 eveen eese.. BE MW

Borax . ... .... 15 grams.

FlOUr eeveecn veee 2 "

| Salt cover .

Charge :was thoroughly mixed and placed in Battersea J Cruecible
by means of paper "pokes™ or cones. Two of the buttons thus
produce@ were scorified together, after adding silver. The
resulting lead button was cupelled, and the silver bead parted
the gold remaining, being annealed aml weighed. The weight .of
gdld in millipg—rams was consequently divided by 8 to give
0z. Au. per ton.

2., Feed GforJall ores) :-

Charge : -
Ore;_‘;‘.‘..u .eee. 1 A, T,
PpbO ....e. ve . ..... 1 mm
SOAB veseve oo 4 . 1 MW
Borax eceecececc: oo O gﬁs;
Arg0l veceess. . oe 25"

Salt cover.
Fuse in 20 gram crucibles, then cupel resulting button after

addihg necessary silver. Part, anneal and weiéh.



- 3. Concentrates (for all ores):-

(a) Charge :- |

Ore..... 1/10 to 2/10 A.T. (depending on grade)

Pbo o e 45-50 tO 90 gms-

Silica.. pinch

Borax. ..

Silver..

n

as necessary.

Scorify,-cupel; part, anneal and weigh.

(b) Optional method,giving a larger bead.

Ore ..... 1/2 A.T (roasted)

Pbo oo oos ol"l/'z "

Soda. ... 6 gms.

Silica.. 5-6 ¥

Borax .. 10

Flour .. 3

Salt cover.

n

The 1/2 A.T. of ore was first roasted, then mixed with

the charge, fused in 20 gms crucibles, silver added, cupelled,

parted and weighed.

4. Minerals Separation Tails (Kirkland Lake Ore)

Charge :-

Ore oe.eee-

PbQ....c0

S008 seeee
Borax ....

A.I'g°1o.o e e

mn-

Salt_éovgr.

2 AT,

2 1n n

2 n t;

6 gms.»

2 " for fusion in gas furnace,
32 v " " " 0il muffle.
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Fuse in 80 gram. cerucibles, add silver, scorify if necessary,

cupel, part, anneal and weigh.

The silver was added in the form of small lengths
(approximstely 1/8") of chemically pure wire, which was buried

in the lead button before scorification or cupellation as the

case may have been.
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STUDY OF FLOTATION OF HOLLINGER

LOW GRADE ORE (#199).

Six large scale tests were carried out with this ore,
the results obtained were quite encouraging and indicated that
flotation could be successfully applied to the concentrétion of
such an ore. The economic possibilities of this method of
treatment are considerable, especially as flotation equipment
occupies much less space than cyanidation equipment per unitvof
capacity, less supervision is required, reagents and supplies
are cheaper and doubtless the grinding costs could be lowered;

"It must be remembered, of couwrse, that flotation is
merely raising the grade of the ore, the tails may be wasted,
but the gold has still to be extracted from the concentrate.
This would involve considerable additional equipment in the
form of raasting, regrinding, leaching, precipitation and
smelting apparatus for recovering the gold. Hence the saving
‘effected by the concentration process would be partly offset
by the cost involved in refining the enriched product.

~Certain of fhe tests show a very high extraction and
an eiceedingly low tailings loss as compared with present
Poreupine practice.
The first two or three tests were run chiefly withla'
view to testing thé mill and the re-désigned Minerals Separation

flotation units, and to gain experience in manipulation. The
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manner in which these tests were carried out has already been
described. The Akin's Classifier had.not yet been built, hence

the béll—mill discharge screen undersize was fed directly to the
£lotation unit. Had this classifier been in the circuit, it is
very possible that better results would have been obtained as more
ﬁniform conditions of the pulp in the Minerals Separation'machine
“would nafurally have resulted from Classification. »It would be of
considerable interest to run a test dupiicating one of thosekalready
performed, but including the classifier in the circuit.

TABLE 1.

Total Dura- Ore Liquid:

Test Ore tion Fed Solid % Assays % Remarks.
No. Fed  of ovper Ratio -2800 oz.Au.per Ton Reduc- A
| Test hr. ofM.S. mesh *J% tion.
_._f{1bs.) (hrs)(1bs) Feead FeedConect.Tails
1 40.3 1 hr 27.4 77.9 0.24 3.05 00125 94.7 Cleaner cell
20mins - conct.values
o ~given here. .
2 127.4 4 hr. 27.38 $:7°1 78.5 0.2552.575 0.02 92.4  aitto
3 55,2 1hr 533 %:4:1 93 5 0,255 2.475 0.0125 95.1 aitto
8mins 5:6:1 A o
é 235 .45 4 hr. 47.3 4.05:1 73.2 0.375 3.50 0.0178 95.7 "™ reoiled
58mins A 4
o5 238.45 4 hr. 52.6 3.14:1 71.2 0.295 0.015 96.5 Concts fr.
80 mins. diff.cells
collected
Separately
re-oiled
— 0.015 95.0 e
6 234.6 5 hr. 40.6 3.84:1 75.1 0.310 +0 +0 ditto
d6mins. : 0.009 97.0

NOTE:- Barrett #4 oil was fed to Ball-mill at rate of about 1.25
#/Ton of Ore, while G.N.S,#5 was fed at the rate of 0.1#/Ton.of Ore.

For further details see test sheets in Appendix. The
percentage reduction in the last column serves as an indication
of the extraction. The reason for using this term, whieh is not
new, is fully dealt with in the following note on extraction and
percentage reduction. :



In tests5 and 6 it will be noticed that there is a
large error in the balance a@parently giving a very low extraction.
In cases where no balance can be obtained, the extraction cannot
‘be calculated on the feed value with any degree of fairness.
‘The most reliable indicator of the gold recovery in such cases
is given by the percentage reduction figure which is based on the
fatio of values of the tailings and feed. It is obvious that

in test 6, for instance, th=t the extraction of 85.6% which is

based on the total value of gold in the feed is érroneous; with
tails of such low value as 0.009Y§ oz. Au./Ton a true extraction .
less than.97% is inconceivable. The actual extraction must be
calculated from the weights and values of the tails and concen-
trates. ;That calculated from the assay and amount of ore fed

to the circuit may be termed the theoreétical extraction and, as
above stated, is unreliable unless there is no error in the
balancing of the test. The extraction given for test 5 may be
accepted as accurate as the error in balance is negligible.

Test 1. The results of this test are of no
particular value owing to the small amount of ore fed. Two facts
are worthy of note, however, viz.: the low value of tailings,—
0.0125 oz. Au. per Ton, and the high percentage reduction 94.7%,

Test 2. The percentage reduction in values is lower
though both the tails and feéd values are higher. This test is
more reliable as it is of longer duration, hence allowing more
ore to pass through the machine.

- There are various factors which affect a test, some of

which are constant,no matter how long the test may last. Others
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may tend to graduélly inerease until in a 1ong test they may
have a considerable effect, whereas in a short trial they may
be negligible. With the first type, the long test distri-
butes the irregularity over a longer period, and ﬁhus secures
more representative and true results. For instance, it will
be noticed in the later tests of this series that the tails
‘are higher at the beginning of the trial. This is due to the
‘fact that the pulp dilution is very high at the beginning”oWing
to the water added to the Minerals Separation machine when it
is stérted up . For reasons mentioned previously this dilute
pulp tends to produce high tails. As the circuit becomes
built. up and conditions constant, the pulp attains its corréct
dilution'and the flotation machine is able to work at its
maximum efficieney under the conditions of that test. Also
it is common experience that it requires some time for the oil
to build up in the flotation circuit, hence for a long test
this condition ;s less noticeable. This offers another explan-
ation for the highef tails obtained at the beginning of tests.
The second accumulative factor is illustrated by the
crowding or over-feeding of a unit in closed circuit. For
~instance the small Callow cell was used to clean the coneentrate
'from‘the Minerals‘Separation machine. If the amount of concen-
trate was too great for the Callow to handle properly, as was:
-érobably the case, it would consequently produce a good clean
concentrate, but its tailings would tend to be high. These
téils would be returned to the Minerals Sepaqation circuit and
enrich that. It is easy to carry the illustration a step farther

to when eventually the M. S. tails become enriched. This would
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only become noticeable for a long test. On the other hand,
when all the units are working within their'capacity and coh-
ditions are constant, it seems reasonable that a-test of long
‘ duration will produce more reliasble results.
| Test 3 shows a much smaller loss in the tails, and
consequently higher percentage reduction. The amount of ore
'treated in this test was small, hence the results are not‘as
reliable.as they might otherwise have been. It wonld seem,
hovever, that slightly reducing the fineness of grinding has no
harmful effect in fact the result seems favourable.

Test 4. This test is rather encouraging and served as
a basis for the remaining two tests of the series. Re-oiling.
seemed to have a good effect on the ecircuit. It will be seen
that the material remaining in the Cleaner cell assayed quite
high. The percentage reduction in values is satisfactory.
Theifailure to obtain a good balance in this test is as much
due to material lost and possibly to other cause such as faulty
assaying or sampling. This will also account for the poor
éxtraction if the lost material is mainly éoncentrate.
| Test 5. The Callow cell was not used at all in this
test, a concentrate being taken off from the different cells of
the Minerals Separation machine. A study of the log sheet of
this test shows that most of the values are extratted in the
'first.eell, most of the remaining values in the next tworce;ls,
and so on. The last & cells gave a very low grade concentrate,
if- it may be termed such, the intention being to obtain as clean
a concentrate as possibie in the first cells'and to raise the

extraction with the last cells. The grinding was slightly
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coarser, but seems to have had no ili éffect. A good balance
was obtained. This may perhaps be partly due to the fact that
‘there was no lbss from the Cleaner cell. These results are
particularly gratifying in view of the fact that a high rate of
feed was maintained to the ball-mill wi th consequently coarser
feed to the flotation circuit.

Test 6 is a repetition»of Test 5, but with a lower
feed rate to the mill, thus raising the fineness of grinding
slightly. The liquid-solid ratio is slightly higher in this
test also. ‘

The effeet of the dilution or liquid-solid ratio of
the pulp has been dealt with to a certain extent in the intro-
duction. The most suitable ratio for flotation is & or 4 to 1, as
a.rule. With dilute pulps the only way of getting a sufficient
amount of floatable mineral is to pass the pulp through the
flotation circuit very rapidly. This would prevent thoroughv'
agitation énd contact of the o0il, ete., and mineral. . Hehce
the grade of tails would be raised. The effect of the pulp
dilution is noticeable in table 1, though it would not be fair
to assign the whole result to this cause.

‘The dilution of the pulp also has a strong effect on
the capacity of the flotation machine, for if we assume that the
pulp, whatever its dilution, will pass through the machire at
the same rate, it is obvious that a greater tonnage of solids
will be handled if the liquid to solid ratio is low.

| If the efficiency of a flotation m chine is me asured by
the‘Amount of mineral it extracts from the:fee&, it will be seen

from the previous remarks that the liguid-solid ratio may have a

profound influence.



The tails showed very low values,consequently the
percéntage reduction in values was high. The error in balance
accounts for the low theoretical extraction to a certain ex-
tent. The most interesting feature of this test is the very
low tailings loss which promises well for the possibility of
flotation as a means of extracting gold from low grade pyritie
ores.,

It is interesting to note that no reagents other
than 0il were used in the above flotation tests. There is
every possibility that with further research as to reagents,
etc. some very low tailings and even high extractions would
result.

The tails from the Minerals Separation machine were
sent to the Wilfley table, which was used merely as an indieca-
tor or check. In large scale tests it is the practice to
improve the operations in any manner possible, suggested by
obsefvation. The table served as an indicator of the actim
of the‘Minerals Separation machine. For instance, when the
speed éf the impeller decreased due to power drop, a broad
baﬁd of mineral appeared on the table shortly afterwards,
whereas before there had been none. For the most part very
little mineral showed dn the table. Mowt of the table con-
centrate proved to be metallie iron, probably from the ball
mill. A few small flakes of gold were observed on the
table during different tests, but it was shown that the table
affected the extraction but slightly. In commercial practice

a large number of tables would be needed for this operation

as nearly the full tonnage fed to the mill would have to be
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so treated. Consequently it would seem that flotation
followed by tabling would not be a very satisfactory nor
economical method, even if tables were efficient for handling
fine material of this type.

From the foregoing tests it will be seen that a
good extraction has been made and that the tailings loss is
véry low, but another problem arises now, namely, the treat-
ment of thevconcentrate. This product as it comes from the
flotation machine is, as a rule, rather low grade, assaying
1% to 2 ozs. Au. per ton as an average, or making a con-
centratéon ratio of 5 or 6 to 1, which is very low. Dealing
with a large mill of say 5000 or 6000 tons per day capacity,
it would mean that 1000 tons of concentrate would have to be
handled per day. If this is to be roasted preparatory to
further treatment, a tremendous plant would have to be erected.
Clearly some means must be devised for "stepping up" the
grade of the concentrate, and thus reducing the tonnage to Dbe
handled.

With this end in view two tabling tests were run on
concentrates from Test 5.

Test 5A. The object was to éffect a table concen-
tration of the concentrate obtained from the 1st Minerals
Separation cell. Ten 1bs. of this product was first mixed
with water (wetted) then fed by hand onto the table.

A concentrate and tailing was made and collected.
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A.Inomt Of ore fed. . 'Ju. 10.0 leO

n " concentrates
‘ obtained.. 2.72 1lbs.
" " tailS " o e e | ) 7025 "

lOSS e 600 I 1 @ 00' 0005 "
| 10.0 1bs.  10.00 1bs.

Assays end Balance:

thku./Ton Wt. | Units
Feed .... .2.08 x 10 = 2 .80
- Conet ... +6.66 x 2.72 = 18.10‘
Tails -o. .30.046 i 7.25 = 3.58
| | 21.48

The error in balance is doubtless due to richness of the
concentrate and the free gold contained therein.
It was attempted to make as high grade a concentrate

as possible.

Teét 5B. The object was as in'5A, using only
concentrate frovainerals Separation cells 6, 7 and 8.
Table was fed as in test 5A, but this time an attempt
ﬁas mde to get clean tails.
Amount of Ore fed .......... 8.0 1lbs.

" " Concentrates. o
obtained.. : 0.312 1bs.

" " TPajils M e, 7,50 n
" " matericgl 1oSt .eee-e 0,188 "

8.00 lem 8.001b$.

<N
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Assays and Balance.

Oz.'Au./Ton  Wt. Units

‘Feed - 0.18 x 8 = 1.44
Conct. 2.79 x .312 - 1.18
Tails  0.0975 x 7.5 = 731
1.911

The two above tests give some indication that tabling of the
concentrate might be successful in practical work. That is,
the 6 to 1 flotation concentrate might be tabled producing
a high-grade final concentrate while the tails are returned to
the flotaﬁion ecircuit for re-treatment. This would doubtless
prove more satisfactory than attempting to make a final
tailing by tabling. |

Discussing the possibilities of tabling the conecen-
trate in a rather theoretical way and using tests 5, 5A and
5B. as basis for calculations, we arrive at some interesting

conclusions:

‘Test 5. | Wt. % Wt. Oz Au/Ton Units

Conet from 1lst Cell = 22.06 1bs 54.9 x 2.08  114.2
mom 28 3d" = 3.56"  8.92 x 3,10 27 .65
mW 4 5th" = 546" 8.77 x 0.56 4.69
mm g9 & gth" =11.32 "  27.41 x 0.18 4.94

TOTAL.. occes .oeo.. 40.40 ™  100.00 151.48

vhencé,Athe average grade of concentrate will be 1.515 oz. Au./

Ton or $30.30 / Ton.
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In the first three cells 63.8%, say 64%, of the total weight

of concentrates is obtained:

WE. % Wt. Oz.Au./Ton. Units
22.06 = 8.0 x 2.08 - = 179.0

3.56 - 14,0 x  3.10 = _43.4
25.62 100.0 . 222.4

The average grade of concentrate from the first two cells
is consequently 2.224 oz. Au./Ton, or $44.50 per Ton.

According to the results of Test 5A. this can be
concentrated up to 6.65 oz. Au. per Ton, or $133.00 per Ton,
the weight of this concentrate being 27% of the weight of the
table feed.

In the last five cells 36% of the total weight of
concentrate is obtained. The average grade of this, calculated
as for the others is, 0.27 oz. Au.per Ton or ;5.40 per Ton.
Test 5B. shows that by tabling we can raise the grade to 2.75
0oz. Au. per Ton, or ;55.00 per Ton, the weight of this concen-
trate being 1.4% of the original concentrate.

This concentrate may be tabled with that produced by
the first three iiinerals Separation cells, that is, 65.4% of
the weight of Minerals Separation concentrates now assay over
2.22 0Z. Au. per Ton, and by tabling as shown in Test 54, a
concentrate assaying 6.65 oz. Au. per Ton is obtained. The
weight of this high grade concentrate is found to be 18.3% of

the weight of the original total fdotation concentrate.
The table tails can either be returned to the flotation

circuit or possibly in the case of the lower grade tails, as in

Test 5B, be wasted without further treaiment,.
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It will readily be seen that the amount of tailings
to be roaéted and subjected to subsequent leaching and
smelting processes, is but a small fraction of the’original
flotation concentrate.

The possibilities of this method of retreating the
concentrate are quite great, as the above tests and calcula-
fions indicate. Né#ertheless it is not wise to draw positive
-eonclusions nor to make definite statements based only upon
such meagre evidence as is offered by the two tabling tests
noted previously. The retreatment of the concentrate offers a
wide field for fwther exverimental work., A certain amount
has been already done by AfJ.P. Walter, to whose thesis 1926
the reader is referred for information.

The reader is also referred to R.E. Legg's 1924 research.
into the recovery of gold by flotation and tabling. His best -
extraction of gold by flotation was 84/%. By panning the
flotation tails he obtained particles of coarse gold, too 1arge’l
for flotation, thus raising the gold recovery to 97%; the final
tails containing about 0.012 oz. Au. per ton. He also carried
out some cyanidation tests on the flotation tailings, recover-
ing about 93% of the gold in the tails.

In addition to the flotation of the ore, Legg tried
tabling it using a sand feed assaying 0.38 oz. Au. per ton.

From this he obtained products giving the following assays:

Product Gold Assay Totdl Sulphide Total Gold
0z./ Ton. Recovery. Recovery.
Concentrate 3,77 77.8% 79.65 %
Middles 0.12 ) 4.42 S.45
Tails , 0.08 - 17.78 16.90

100.00 100.00.
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The middles and tails from the above test were combined, giving
an assay of 0.085 oz. Au. per ton, then floated; with the

following results:-

I. Recovery bvy: | Sulhhides Gold
1. Table | 77.8% 79.65%
2. Flotation (Test 6) 10.2 - 16.8
Total Recovery 88.0% 96 .45%
1T,
1. Table 77.8% 79.65
2. Flotation (Test 7) 16.1 18.0

Total Recovery | ‘95.9ﬁ L 97.65%

" Thus by a combination of tabling and the flotation
of the table middles ard ﬁails, an extraction of 97% is possible
This applies only to the sand as the slime material, containing |
13.5% of the total gold, was first removed. The slimes could
probably be satisfaetorily treated by flotation.

It would have been interesting to compare results had
Legg tabled the flotation concentretes. | |
LR From the above discussion it would appear that tabling
can be considered'seriously as an accessory to flotation in
the extraction of gold from a Porcupine Ore. Just what should
be its place in the flow sheet of a large Mill is a problem,
but the'writer feels confident that the tabling of the concen-

trate would prove most satisfactory from a practical point

of -view. o
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Balance for Test 5, illustrating methods used in

‘this‘phase of a test:

Feed.

Weighed Feed to Ball Mill ..

Feed Samples cereeneiae o
Calculated Feed to Minerals Separation e.e.. ...
'Feed to M.S. by adding wt. of parté

Loss (probably in B.M. scoop when washed out, or

"  Residue

Tails.

Tails (1)
n (2)
" (5)

Total Tails

Error

Loss

in Ball ill)

accumulated
Au. in Feed =
Concentrateé
M.S. Conet (1) =
ot (24 3) -
"W (4.4 5) =
oo (6.7 & 8)

&

in balance ... c.:

5.90 x 228.22
41.60 x 22.06
62.00 x 3 56
22.20 x 3.46

1.80 x 13.69

94.09

0.375 x 75.6
0.25 x 53.3
0.25 x 47.1

174.0

Concts.

e O e @

e e e @

LR I RN T N B R SR R S R

T e e e 0

I EREEE S

0 e

238.45 1bs.
2.02 "

236.43 M

228.22
8,21 "

1347.00 units

918.00
220 .50
76.70
40.75
24.62

1280.57

27.60
13.34
11.78

92.72

1338.29 units

13.71 n

1347.00 "
0.92%
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1280.57 x 100

Bxtraction
' 1547.0

]

Assays were run on the +200 mesh tails and on the
=200 mesh tails with a view-to determining whether the
losses lay in the coarse or fine material. It wés found that
the +200 mesh product assayed $0.40 Au. per ton while the
fine material ran only 30.15 ver ton in Gold. It was there-
fore seen that the losses are in the coarser material. The
proportioﬁ of this product (+200 mesh) is, however, quite
small, less than 30%.

Calculating back from these assay values and the
screen analyses, it was found that the M. S. tails assayed
22.97 cts, 2er ton in gold, which checks closely with the
valus obtained by assaying the tailings samnles. | |

Calculated from + and - 200 mesh:

% Assay
_ gAu./Ton.
- 200 vproduct 72.0 x 0.15 = 10.80
28.0 x 0.40 = _11.20
100.0 ‘ 22.00

The value of the table concentrates must be added to above
value as these tails were tabled,whereas the assay samples
ﬁere taken fron the discharge of the flotation machine before
tabling. | R
Table. Concts. assayed $9.00 Au./Ton.
2 x 9.00 = 18 units
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Divide these units into 174.0 1bs. (wt. of tails)
= 0.965 cts, to be added

to + and - 200 mesh tails,
hence total value of tails is:-

- 200 mesh product 10.80
+ 200 " " - 11.20

Table concentrates 0.97

22.97 cts. Au./Ton.
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STUDY OF THE FLOTATION OF WRIGHT-HARGREAVES

LOW GRADE ORE (#201).

Four large scale and numerous small scale tests were
carried out on Wright-Hargreaves ore. The results obtained
ﬁere far from satisfactory, and many interesting problems arose
as a result of ﬁhese tests, In view of Walter's work last year
on this ore using Callow cells, this series of tests afford an
excellent basis for the comparison of pneumatic and mechanical
flotation machines.

Cyanidation tests were carried out on the tailings of
some of the large scale flotation trials. The results of these
runs will be fully discussed in a later section of this thesis.

The large scale tests will be dealt with first. These
were all of considerable length, in only one case was less than
100 # of ore fed to the mill. Bhis was the first series of tests
in which the classifier ang:iifters in the ball-mill were used.
A great deal more care was necessafy in balancing the mill, but
a more uniform flotation feed was obtained. Several grinding
tests had been run previous to any attempt at flotation, hence
most of the mechanical adjustments, etc. were known, allowing
good conditions to be maintained during the flotation trials.

The following table #2 gives a summary of this

series of large scale tests:-
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TABLE #2. Ore #201.

Ore %  Liquid ASSLEYS % Red.
- Fed minus Solid (Oz.Au./Ton) Values in _
Test per 200 Ratio . - Feed to Remarks.
No. Hour mesh Feed Conct. Tails Values in
, Tails.
43.8& 89.6 4:1 0.56 5.83 0.09°  84.0 B #4, G.N.S.#5,
& : to . to NapS & K.Xanthate all
36(-) 0.12 78.5 used. Reoiling in 3rd
R & 5th cells. Classi-
fied M.S. feed.
35.9 88,38 3.5:1 0.56 4.60 0.065 88.4 No reagents other than
8 -~ to to 0il used. Pine oil
0.105 8l.2 wused for re-oiling in
. . 6th M.S, cell.
36. 90.86 3.84:1 0.76 5.8 0.0825 89,0 Duplicate of Test 8,
9 to to except Na_S & K.Xan-
' 0.10  86.9 thate werf added.
. 38.8 0.165 76.8 Considerable difficulty
10 to 72.06 2.4:1 0.71 5.3 . to to in balaneing circuit.
50.0 0.115 84.0 Coarser grinding.

Reagents added. Note
low L:S ratio.
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Test 7.

At the_beginning'of.the_test the ore was fed at the
rate of 43 1bs. per hour, this was later cut down to 36 1bs.
per hour which gave more satisfactory conditions. The ball-
'nill did not seem to be able to grind the larger tonnage to
sufficient fineness. The concentrate formed was quite high,
grade, but seemed to contain a large amount of gangue., The
flotation tails were tabled, but no mineral, other than
metallie iron was observed thereon, an esPeciaily close watch
was kept. for "colours" of gold, but none were seen.

- The percentage reduction from values in feed to values
in tailings was rather low. The tailingsvassays showed cuite
a wide Variation, that of the sample for the first part of the
tést being lowest. The results of this test agree closely
with those obtained in #9, in which the conditions were very
similar, the chief difference lying in the higher feed value.
There are also slight differences in the fineness of grinding
amd liguid-solid ratio cf the pulp.

Test 8.

This and the next succeeding test are duplicates
except that additional reagents other than oil were used in
Test 9. It would seem that the results produced by oil alone -
are superior to those obtained when additional agents are
‘VemplqyedH It would reduce the cost in practice if agents are
not necessary or desirable, but in some of the small scale
tests it will be noticed that reagents are desirable when

floating the cyanide tailings.
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The grade of concentrate obtained in this test was
lower thah in any of the others, but this is more than compensa-
téd by the leaner tails produced. The higher value of the tails
occurred in the first third of the run. In the last two
~thirds of the test the tails assayed 0.065 oz. Au. per ton-,
the lowest value obtained in this series of tests. The
-constancy of the values of the teils during the latter part of
the test mmxfhkmxmws shows that this is the most reliable
- test on this ore.

| During the latter part of the test a very small
amount ofrpine 0il (G.N.S.#5) was added in the sixth cell.
This imprbved the appearance of the concentrate from this and
the sﬁccgeding boxes.

Test 9.
Sodium Sulphide and Potassium Xanthate weem added as

shown in the detailed tables, but seem to have had noX bene-
ficial effect in this test. It was later found out that
Sodium Sulphide retards the flotation af‘gold, but aids the
recovery when gold is associated with pyritel. This fact may
partially account for the poorer results obtained in this test.
The higher feed value may also account for this. The percent-
age reduction in values in this test is quite high, the highest
obtained as a matter of fact, though it is partly due to the
~higher feed values while the tailings loss remains approximate-

ly the same. This tailings loss which tends to be practically

constant in three bf the four tests may be termed the absolute

la"' - \
Notes on the Flotation Process, Lord & Snyder. Southwestern
Eng. Corp'n.
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loss. In tests 7 and 9, the tailings have approximately
the same value, viz:-
Tails. Feed

"Test 7 0.09 to 0.11 oz.Au./
Ton 0.56 oz Au.per Ton.

Test 9 0.03 to 0.106 " 0.76 n

‘There is no essential difference, S0 it would seem that the
tails are not directly proportional to the feed value. This is
important as the ores of the Kirkland Lake district incline
towards "spottiness™ or erratic values. Particular attention
was peid to the cerushing, and mixing of the ore preparatory

to feeding to the mill to insure that each bag of ore would

be as rep;esentative as possible of the whole lot. The
grinding and other conditions, such as reagents, were the same
in both tests,

Test 10.
Considerable trouble was experienced in getting the

mill eircuit to balance as a thicker pulp (classifier dis-
charge) and coerser grinding was desired. This was eventually
accomplished, byt there was only a small amount of ore left
to complete the test. That the results are not good may be
accounted for by several facts:-
1. The grinding may be too coarse to liberate the values
sufficiently for flotation. (72.06% - 200 mesh) .
2. The liquid-solid ratio may have been too low; i.e. the
pulp too thick for successful flotation.
- 3. The reagents may have had a harmful effect as noted in

the discussion of the previous-test.
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The assays of the feed did not check particularly well, that
for the first part of the test being 0.66 o0z. Au. per ton, while
that for the latter part was 0.75 oz. Au. per ton. The tails,
obtained in the first half assayéd higher than those obtained'
in the rest of the test. This is probably due to the faet
that the best donditions had not been reached until the latter
half of the run. The percentage reduction in values is lower
as may be-expected from the higher tailings.

| The much greater rate of feed per houwr is due to the
attempt atrcoarser grinding which necessitated crowding the
grinding ahd classifier'c%réﬁit, lowering the water and raising
the inclination of the classifier slightly.

The small amount oﬁ'ore fed during this test was due
to the faet that the supply was inadequate. This was unfortun-
ate as a 1onger test would have been desirable, especially so
as conditions even at the end apparently were not yet constaﬁt
és evinced by the tailings assay..
It is interesting to comﬁare these last two tests

as they differ widely in many respects. Dealing first wi th the
feed, the value df it is about the same, bﬁt the rate of feed-
ing is considerably higher in the second test. The fineness
of grinding in the two tests can hardly be compared;‘in Test 9
the percentage of minus 200 mesh product is about 91%, while
in-test 10 it is 72%. This raises an interesting point, the
tﬁilings value is still rising in test 9 whereas in test 10 the , 
tails decrease in value, and at the end of both tests are
approximately the same. Hence it is not at all certain that

such fine grinding is necessary for economical extraction.
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Economical extraction is stated here as.opposed to actual
extraction, for it is obvious that if it costs say 75 cents

a ton to obtain an additional extraction of 50 cenfs, this
higher extraction is clearly not economical. Hence for
economical extraction such fine grinding may not be necéssary.

Another point worthy of comparison is the ratio of
liquids to solid in the ore »ulp of the last two tests. It may
be that a pulp of such low dilution is desirable with an ore
containing such a small proportion of floatable mineral. Beforer
definite statements can be made as to what is the best liquid
to solid ratio for such an ore, a great deai more research~
should be done on this subject, and the possibility of obtain-
ing some;truly interesting results is great.

As there is, as yet, no definite knowledge of the
capacity'of‘the flotation circuit, another field for experi-
menting is opened up. The higher tails in the last test may
have poséibly been due to the high feed rate; this, however,
does not séem very probable as the feed rate was only inereased
during the last part of the test, and this is the time during
which the lower tails were made. The real explanation may
be the direct opposite of the above, the machine'may not have
been working up to its capacity with the low feed and thick
pulp, hénce its efficiency was impaired. It ié evident that
the thick pulp is not detrimental to flotation, however. It
is possible that the higher liguid to solid ratio in test 7
may account for the higher tailings. Compare this with test

8. The pulp is thicker and the tails lower. It is not safe

to place the credit entirely with the pulp dilution, however,
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No actual balance was attempted on any of these tests

unfortunately, but approximate balances, neglecting all residues.

in fact all products except flotation concentrates and§tails,

have been calculated for these tests.

It is assumed that each

group of tails represen%(one-third of the total tails, which is

not necessarily correct.

Test 7.

Feed Wt 0z.Au,/Ton. Units.
Feed 166.0 lbs.x 0.56 = 89.6
Tails 1 53.8 x  0.095 - 4.80
" 2 53.3 x  0.12 = 6.40
" 3 5.3 x  0.11 = 5.87
Tails 17.07
Conects. 9.5 X 5.83 = 55.5
Total = 72.57
Test 8.
— Feed '106.5 1bs. x 0.56 = 59.5
Teils 1 35.4 x 0.105 = 3.82
noo2 35.4 x 0.065 = 2.30
G" 3 35.4° x  0.065 = __2.30
- Tails 8.42
Concts. 10.1 X 4.60 = 46.5
Total =

54.92
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Test 9.
Feed Wt. 0z.Au./Ton. Units.
Feed 143.0 1bs. x 0.76 = _108.7
Tails 1. 47.6 x 0.0825 =  3.93
"2, 47.6 X 0.0975 =  4.65
" 3. 47 .6 x 0.10 = 4.76
| Tails = 13.34
Concts. 12.75 x 5.8 = 74.0
Total = 87.54
Test 10.
Feed 93.0 X 0.71 = 66.1
Tails 1. | 465 x 0:165 = 7.68
" 2. 46.5 X 0.115 = 5.56
Tails = 13.04
Concts., 8.65 x 5.3 = 45.90
Total = 58.94

Some interesting comparisons are offorded between

A.J.P, Walter's work and the above tests.

Generally speaking

it may be said that the Minerals Separatlon or mechanical

type of flotation machine seems to give better results on thls

ore than,pneumatic type - as exemplified by the Callow.cell.

This may be due to the faect that re-oiling is possible in the

former and better opportunity is afforded for thorough contact



of 0il and mineral by mechanical agitation. Another point
in favour of the mechanical'type is the much "tougher" froth
produced, the Callow cell making a more evanescent, weaker
froth. This naturally would appear to be a drawback as far as
the flotation of metallic gold is concerned. |

Choosing Walter's best tests for comparative purposes
we.find that in no case were as low grade tailings producea
as in Test 8 of this year's work. In most cases the percent-
‘age'reduction in values obtained with the Callow is lowér
than that obtained with the Minerals Separation type. A
much higher rate of feed per hour was also used this year.

A summary of Walter's best results is given on the
following page in Table 3, and should be compared with Table
2.

Except where specially noted Barrett No.4 and Pine
0il, G.N.S.#5, were used in the above tests.

The first four of Walter's tests (9 - 12 inel.) are
not particularly noteworthy except insofar as they show the
relation of the rate of feeding to the extraction. Test 13
shows the result of finer grinding. The low tails produced
in test 14 may be caused by the addition of a small amount of
lime, but it should be noted that the feed value is much lower.
The same remark applies to Test 15 in which Gas Tar oil was
used to replace Barrett #4. The high liquid-solid ratio may
have.the effect of lowering the extraction. Similarly with

Test 19. .



TABLE 3.
Feed % | % Redn_
Test in 1bs. minus Liquid ASSAYS Values in  Remarks..
No. per 200 :501id 0Oz. Au. per Ton Feed to
hour. mesh. Ratio. Feed - Conect. Tails Val.in Tls.
9 23.2 - 4.0:1  0.78 0.12 84.4 100 mesh dis-
' charge sereen
10 " 34.5 78.23 6.9:1 0.545 0.16 70.7
Ditto.
11 31.3 79.90 3.4:1  0.52 0.13 75.0
12 26.95 86.05 3.2:1 0.45 0.11 75.5
13 26.95 95.14 5.6:1 0.72 0.15 79.25 150 mesh dis-
' : . charge screen
14 26.95 77.3 5.3:1 0 57 0.10  82.4 Tails for Cy
15 23.2 95.19 7.2:1 0.38 0.085 77.6 Gas Tar 0il CaO
' G.N.S.#5.
16 26,95 77.3 5.3:1  0.57 0.10 82.4 Tails for Cy.
17 23.2  75.35 4.85:1 0.55 0.09 83.6 Higher for 100 -
mesh screen.
18 18.2 90.5% 5.9:1 0.60 0.10 83.3 Higher for 150
. mesh screen.
19 18.2 9.6:1  0.90 0.14 84.4 Tar oil
20a. 18.2 7 45:1 0.70 0.13 81.4 Sodium Silicate
| . Gas Tar BNS#5.
20b.  18.2 075 0.11 85.3 Ditto, lime.
21 18.2 6.0:1 0.59 0.09) 84.7 B f#4 CNS#5

0.10) CaOl.

\




Tests 17 and 18 were run with a higher froth in the
rougher cell, which seemed to produce a favourable effect. Tests
20a and 20b. show the effect of Sodium Silicate. The high tails
may be a result of the higher feed value as the percentage re-
‘duetion was fairly good.

Test 21 was run to obtain a complete balance in which
Walter was successful. This would Seem to be his best test,
taking all things intc consideration. The tailings assayed
.quite-low, and the extraetion quite high, namely 84.5%.

The tests run this year on the Iinerals Separation
machine were all of longer duration or at higher rates of feed
than Walter's on the Callow cell, hence more ore passed through
the circuit. This should make this year's tests more repre-
sentative, and for that reason perhaps more reliable.

It is obvious that the !Minerals Separation circuit
has a much greater cavacity than the Callow. As a matter of
fact the maximum capacity of the Minerals Separation machine
has not yet been determined, it is at present limited by the
ability of the grinding and classifying circuit to prdduce
material of the desired fineness.

A number of small scale flotation tests were carried
out on tailings produced by cyanidation of the Wright-Hargreaves
ore, both from the Company's mill and in the laboratory. The
results of these trials are to be found under the section on
Cyanidation.

R . \
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STUDY OF THE -FLOTATION OF THE

LAKESHORE HIGH GRADE ORE . ( #200 ).

Very little experimental wofk was done on this ore, as
the term was drawing to a close, but one large scale test and four
single-cell Minerals Separation tests were carried out - the éﬁ;;;;
with not particularly encouraging results. The small scale tests
were pefformed on the tailings from éyanide tests on Ore #200 by
the Fourth Yéar Class in Mining. The most intereétiﬂg result of
these tests is the success in afdaying by previous elutriation
the -copéous, dirty froth otherwise produced in floating the ore,
thus agreeing with the similar tests on the Wright Hargreave's
cyanided tails. In one test a separate concentrate was made from
the dirty, whitish froth, which proved to be quite high grade,
assaying 4.6 oz Au. per ton. It is quite possible that this
dirty froth is largely made up of tellurides, though microscopical
and chemical examination is necessary before this can be definitely
stated.

The combination of cyanidation and flotation reduces the
tails fo a(égggg)loW‘value. The gold extraetion from the cyanide
tailings varies from 43.4 to 53 1% by flotation, which is quite
satisfactory when the low value of the feed, about 0.25 oz. Au. per
ton, is taken into consideration. That thié could be gfeatly improved

is beyond doubt as so little work was done to getl the best adjust-

ments.
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A tabulation of the more important data from the small
scale test follows. For complete details the reader is referred

to the Appendix.

TABLE 4.
Test No. Assays Oz.Au./Ton. % 0f Total GOLD _in
Feed Tails Conect. Tails Conct.
25 0.2536 0.15 2.20 56 .0x 44.0x
26 0.2795 _0.16__ 2.60 54.4 45.6
27 __0.2885 0.17  2.40 . 56 .6 43.4
28  0.2378 0.117 4.60 46.9 29.5
2nd -
Conct. 1.40 : , 23 .6

x Extraction based on Collected amounts of products. Several
grams of Concentrate were lost. See Note on Test 25 below,

The results given above for Test 25 are very probably
inaccurate as several grams of concentrate were lost before a leak
in the collecting pan was noticed. The percentage of total gold
in the concentrate should consequently be considerably higher.
This and Test 28 give the best results, both as regard low tail-
ings value and high extr%ption, henee it would seem that grinding
in oil produces favourable results. The better results for
Test 28 are probably due to the greater concentration of oil and
~thicker pulp during grinding, also to phe greater time of contact.

-In Test 26 elutriation has the effect of producing a
mﬁch better looking froth, but neither the tailings éssay nor

\

,tﬁé{extraction is particularly good.
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Agitation with Potassium Xanthate and Sodium Sulphide
does not seem to improve the extraction from the tailings. This
test is probably the poorest of the four in regard to results.

It should be noted that the feed value in this test is the highes?

in this series.

The results of the large scale flotation test on the
Lakeshore Ore were décidedly unsatisfactory. The coneentréte
produéed was exceedingly high in value, viz. 43.13 oz. Au./Ton,
but small in quantity which may have caused a certain degree
of salting of the tails.

In order to build up the froth, the concentrate from
the first:two boxes instead of being skimmed off, was distri-
buted between the next three cells, while the froth from the
sixth and eighth cells was returned to the seventh. Hence con-
centrate was collected from the third, fourth, fifth and seventh

boxes.
The increasing grade of the tails from 0.532 to 0.630

0z. Au./Ton during the test, indicates a building up womewhere
in the circuit, which is brobably due to the insufficient
quantity of concentrate removed. The liquid to solid ratio
shoﬁld»be suitable for successful flotation. It is possible
thaf the small amount of o0il fed accounts for the poor results
to a certain extent. |

| " With only one test carried out, it is absolutely
i@possiblé to draw definite conclusions with regard ﬁo the

suitability of this ore for flotation. Four tests made on

this ore last year by A.J.P. Walter, using the Callow cells,
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gave very similar results. Walter decided that the extraction
was made in the rougher cell and s.uggests insufficient oil and
mechanical imperfections as the probable cause of the low
vextractions obtained. His tests on this ore were merely pre-
liminary trials designed to provide exper ience in the manipula-
tion of the apparatus.
It is apparent from the above remarks that more

experimental work is required in the flotation of this ore
before definitely deciding that it is impossible of successful

treatment by this method.
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STUDY OF CERTAIN CYANIDATION TESTS

ON ABOVE ORES.

In order to get an idea of the comparative merits of
flotatiOn and cyanidation, and combinations of both processes,
as a method of treating Kirkland Lakerores, a series of cyanidé-
tion tests was plamed in conjunction with the flotation work.
It was realized that lack of time would prevent the writer from
personally carrying out these trials, but Prof. Bell very kindly
offered to supervise a group of Fourth Year students who chose
cyanidétion‘gé-the subject of their Ore Dressing theses.
Messrs. Déwér, Findlay and Tatley carried out all the cyanidation
tests méﬁtioned in this section. and nerformed all the assaying
in connection théreWith. The writer has, however checked the
extraction3values, the figure given in the tables being calculated
from the feéd and tailings assays. Certain small scale flotation
tests were also performed on tailings from cyanide‘fests with
an object of finding out whether flotation should precede or fbllow
cyanidation to give the greatest extraction. |
Table 5 on the following page, summarizes the results of
the cyanidation tests. Several tests, notably Nos..2, 4, 5 and 7,
have nd direct connection with flotation work; but are included as
a mattér of interest and for the sake of completeness.
|  The extraction in test #1 is very low, doubtless due to
the fact that the operators had no previous experience in this

kind of work.

AN
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TABLE No. 5.

——

Cy. Liguid % Time Assays Extr
Test Ore Used #/Ton of :Solid -200 of oz.Au.;Ton -act Remarks
No. Solution Ratio mesh Agit- ion
_ KCN__Ca0 ation Feed Tails %
1 Wright~ 1.95 0.44 2.37:1 96.5 24 0.468 0.16 66.0
Hargreaves
2 Wright- $.90 0,50 2.33:1 90.82 24% 0.446 0.091 79.5
Hargreaves. ‘ ‘
3 Tls fr.Flo 1.95 0.77 2.33°1 85.26 18 0.1007 0.036 64.2
-tation Test™ . O :
No.7 0.34
4 Wright- 1.80 NayC0z 2.33:1 92.6 24 0.460 0.143 73.4 Sodimm Carbony
Hargreaves 9.5 - ate used for
alkali.
5] Wright- 0.34

Hargreaves ~1.90 0.46 2-43:1 ©91.5 .24 0.488 0.120 75.5

6 ‘Lakeshore - 2.0 0.60 2.42:1 87.24 40 2.39x 0.27 88.6 Milled in.
, ’ ‘ Cyanide
7 m 2.0 0.55 2.44:1 94.02 36 1.52 0.20 87.0 Milled in
, Water

8 Tls. fr. Flot. .
Test No.11 1.90 0.35 2.45:1 86.42 20% 0.68 0.235 65.5

x = Assay of fedd to Ball Mill. This ore is very spotty and in spite‘of
. great care in mixing and preparastion it is d&ifficult to obtain two
- lots of ore of the same assay-

The figures given above are all copied directly from the Test Sheets
of the Fourth Year Group which performed the tests. The extraction

~ was -calculated from the feed and tailings values and corresponds to
the percentage reduction figure given in the flotation tests.
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The tails from large seale flotation Test #7 comprised
the feed for cyanide Test{#ﬁ. The extrcction is_low, but this may
be due to the faect that iﬁ spite of the floatability of the
telluriges their proportion to total gold in the tails is pro-
bably’hggher than that in’thevgeed. Hénee cyanidation would make
a poor reco#ery on such material. A very careful microscopicai "
analysis of the tailings is necessary to determine in just what
form‘the,values ocecur in the tailings. |

 Dest #4 is of no‘particular value except to note the
effect of sodium cerbonzte instead of lime as the alkali. The
very great”amount used is due to miscaleulation; as good, if
not better results could dovbtless be obtained using a more
nominal amount, say £ or 3 1bs. rer ton.

Tests #6 and #7 show really good recoveries of gold,
especially when the telluride content is taken into account.
The former is perticularly interesting, as flotation tests were
carried out on the tailings. The extraction by cyanidation is
ﬁmuch‘higher than that produced by flotation on Lakeshore ore;
(See large scale flotation test #11). The feed in the flotafion
test was slightly higher in value than that in the cyanidation
test, but the tails were disproportionately higher. To repeat,
it is not fair to condemn flotation as being unsuitable for
treating this ore on the results of a single rather unsatis-
factory teat. It is interesting to note that the fourth y ar

students calculate that 70% of the gold was extracted during the

milling (grinding). R
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Test #7 shows that ‘quite high extraction can, however
" be obtalned even if the ore is not milled in cyanide.

The cyanidation of flotation tails again yields a low
recovery, very nearly the same in both tests #3 and #8. - The
tails produced are still very high in the latter test. These
should be compared to those given in table 6, dealing with small
scale flotation tests on cyanided tailings of both Wright
mHargreaves and Lakeshore ores. |

Fifteen small scale tests were carried out on some
cyanide taiiings from the Wright Hargreaves mill. These were
shipped to}the University several years ago in a moist state; and
have been kept that way ever since, being sealed in old carbide tins.
Ten small scale tests were also performed on fresh eyanide tails
resulting ffom Fourth Year tests on Wrisht Hargreaves dre. It
is intereSting to note the difference in behaviour between thé
stored and fresh tailings, the former being amenable to flotation
whereas the latter needed a preparatory treatment before they
‘could be floated. Various reaéons for tgis dif ference of be-
haviour suggested themselves. Did the storage, with possible
oxidation, have any effect on the floatability? 1Did‘the con-
tainers”have any chemiéal effect on the storéd tails, rendering
£hem more floatable? Was the difference due to the faet that
the fresh tails had been'recently thoroughly aer=ated in the
Pachuca tanks increasiﬁg the tendency of the gangue to float?
Coﬁld lime or cyanide, if aﬁy remained with the fresh tails,
have caused the uncontrollable, dirty froth produced? Again,
differences in grinding may have been partially the cause. It

is quite possible that keeping the tailings moist for so long
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TABIE 6.
o - Assayst.
lot'n | Oz. Au. per Ton %
1§st Or e Feed Tails Concts. Extracta Remarks.
iNoo
1 Tests 1-15 0.1025 0.05 3.55 51.85 ) For discussion of
2 were run 0.0980 0.05 3.40 49,70 ) these tests see
3 on moist 0.0936 0.04 2.40 58 .15 ) following pages of
tailings _ | ) this thesis.
4 : 0.0961 0.04 2.40 59 4 40 )
5 shipped 0.1537 0.10 2.20 36.70 ) |
6 from 0.15665 0 04 4,10 75 .35 Not Reliable see text.
7 Wright - 0.09295 0.04 1.90 58.20
8 Hargreaves 0.0960 0.04 2.60 57.50
9 'Mill 0.0945 0.045 2.15 51.00 v
10 0.0991 2.20 56.40 See text & test sheets
11 , 0.0852 0.04 2.05 53.00 for tailings data. |
12 0.0843 0.04 .95 53.30
13 +0.0864 0.0375 2.0 57.20
14 . 0.0845 0.030 2.2 53.40
15 , 0.0879 0.060 6.9 32 .10 _
16 Tails from) ) Omitted as no products were
to Cy.Test #1) ° ) collected or assayed. See
19 ) text and test sheets.
2O " 0.1258 0.105 3.20 20 .4 Avbout 50% of total gold
21 " © 0.1291 0.090 2.85 21.3 ) in feed lost in material
22 " - 0.1319 0.090 2.80 17.8 ) removed by elutriation.
23 "o 0.1329 0.085 4.45 36.8 Negligible loss by elutri
24 " 0.1618 0.075 1.50 53.6 -ation. o
25 Tls. from . 0.2536 0.150 2.20 44,0 See note under Table 4.
26 Cy.Test #6. = 0.2795 0.160 2.60 55.6
a7 " 0.2885 0.170 2.40 43 .4 :
28 " (0.2378 0.117 4.60 29.5)5%.7 ) Two Conecentrates were
- ‘ ( ' 1.40 23.6) made in this test.




7.

would\have the action of allowing any air bubbles attached to
minéral partiecles to escape, and the water present for so
long a time would naturally tend to wet all the minerals present
-to as great an extent as nossible. Both types of tailingsv
were tested for lime and cyanide, but these weré not found to be
present in appreciable amounts.
It would have been interesting to determine what

effect lime and cyanide have on the flotation of such ores. This
.could.be done by agitating different lots of ore with lime in
one case, cyanide in another, mere aerstion in a thirad case, and»'

[3

cqmbiping él1 conditions in the last case. Such a series of
tests would doubtless give valuable insight into this problem,
and give éome'very interesting rcsults, but unfortﬁnately there
was insufficient time to put this idea into »nractice this year.
Pursuing the idea that the fineness of grinding might
havé affected the floatability of the mineral, elutriation of the
fines was attempted (Tests 20-24). The first of these trials
were very crudely performed and are not very reliable. They
acecomplished the purpose of removing the slime, but too much of
the other material was also elutriated. Just as good results
wefe obtained if only slimes, amounting to but a few grams, were
siphoned off. This naturally caused a much smaller loss in gold
values through elutriation. Judging by the resulté obtained itv
would-Seem that grinding can be so fine as to injure the flotation
/of the mineral. Walter in his Bhesis found that the extraction
wés4directly proportional to the time, and hence to the fineness

of grinding. He neglects to deseribe the reture of the froth

obtained with the finest grinding. It would have been interesting



to know if he had difficulty from an uncontrollable froth.

. It is quite possible that the peculiar froth,ébtained
from the fresh tailings is not due to grigding conditions, but
the fact that when the very fine material is elutriated, the
froth becomes normal and satisfactory, and can surely be taken
as an indication that this slime must have some effect on the
nature of the froth.

Generally speaking the flotation of the cyanide tails
gave but fair results. The zold extraction did not exceed'GO%,
and the tailings could not be reduced below 0.03 oz. Au. per ton.
The flbtatign feed or cyanide tails from the Wright Héégreaves
mill assayéd 0.156 to 0.0843 oz. Au. per ton, the average value
being about 0.094 oz. Au., per ton. The cyanide tails produced
by the fourthnyear Mining Class carried about 0.125 to 0.16 oz.
Au.‘per~ton . The low extraction obtained in the treatment
of the last tails is due largely to the loss in gold in the '
elutriatedrmaterial. The concentrate is slightly'higher grade,
but the tails assay 0.085 oz. Au. per ton as an average value. |

fhe small scale tests may be dividedvinto two broad
classes,- first those on the mill tailings and secondly those on
fresh tailings from local cyanide tests.

The first group consisted chiefly of an investigation of
the action of certain addition agents. An elaborate series of
tests for each reagent, though perhaps desirable, was not carried
out due to lack of time. Hehce it is not possible to give definite
stétements as to the effect of verious concentrations 6f each agent.

The feader is referred to the test sheets in the Appendix for data.
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| - Referring to the first two tests, it is natural to
éﬁpﬁét ﬁhat grinding in ;il would inecrease the extraction. That
'tgié'ié7not the case, as indicated by the tests, is due to the
»sméil'aMbﬁnt of oil used in the second test.

- The action of both Sodium Sulphide and Potassium Xanthate
is favourable as shown by tests & and 4 respectively. The froth,
howéver, is 8till of a poor, weak character. The extraction is the
highest obtained in the whole series. The note on page 574' on
‘the actibn of Sodium Sulphide should be recalled hefe. The ecyanide
has removed all the free gold,hence there should be no gold loss
dve to the *detion of the Sodium Sulphide which will have full
opporf&nity to exercise its good effect on the sulphide minerals and
on the tellurides. It is highly probable that most of the gold
is in the form of tellurides in the cyanide tailings since théy'are’~
not eyénié;—soluble. -

The anpearance of the froth was greatly improved by the
addition of both Potassium Xanthate and Sodium Sulphide, a really
rich well-mineralized froth being obtained.

In Test 5 the extraction is very low. This may be
accounted for by the high tsilings value which may be the result
of faulty assaying. The tot2l gold value in this and the following
test is very much higher then in any of the others.

Test 6 should not be seriously considered. More
reliance méy be placed on the results of Test 8, which-duplibated
the procedﬁre of this trial. The acid does not seem to have any
decided effect,'either favourable or otherwise. This remark
applies also to the other reagents as the difference in extraction

is very'small, and the tails and concentrate assays of one test

éiiroximate‘respectively those of other tests.
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) The remark on Test 9 may require some explanatlon.

The Wright- H&rgreaves Company is credited with heving reported
.that they found a lime froth suitable for flotation of -the
telluridesu The anpearance of the froth as 6btained in Test 9
wgs deéidedly'unfavourable, as 1t was evanescent and bore no
miﬁeralo This state of effairs was only corrected eventually
by the addition of a large amount of oil, which had the effeet of
apparently killing the lime froth. The time occupied by this
“test,-and many others for that matter, is alfogether too great
for cqﬁmercial consideration. |

The reazining tests ere 2ot outstending and the dis-
cussion of the nrevious tests will pretty well coﬁer all points
arising in‘the others. In tests 12 and 13 respectively, F.P:L.#26,
a hardwood ereosote o0il, and T. T.(thio - carbanilid dissolved.in
ortho‘toluiaine), were used. Their gction seems to have produced
no results out of the ordinary. ‘

Agitation with Potassium Xenthate and Sodium Sulphide,
to give better contact, seemed to have no particular effect.

The use of Pine 0il (G.N.S.5) as the only frothing and
collecting medium does not seem tb be very effectivé. The high
grade of the concentrate should be noted. The adtion is due to
the fact that pure oil is soluble, hence tends to produce a weak
and somewhat voluminous froth with but little carrying powdr.

| Tests 16 to 19 do not require a great deal of dlscuSS1on
beyond what has already been given at the beginning of this
section. The floated material, though skimmed off, had very
little weight and appeared to be chiefly viscous bubbles with a

small amount of solids in a state of very minute subdivision. It
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was.not thought wortawhile to assay the products at the time,
 ;fdecision that is now rather regretted as it would have
thrown some light on the nature of the float. |
Tests 20 - 22 inclusive show a very poor gold
recovery though the concentrate assays zbout é 0zs. Au. per ton.
éhe flotation tails average somewhat less than 0.09 oz. Au.
ﬁer ton. The reason far the low gold extraction figure is that
it is based on the total gold in the feed. It Should be noted ﬁ:_.
that over 42% of the total gold value lies in the elutriated
material which was discarded. The concentrates contain about
60% of the ,gold in the flotation feed.
| In test 23 the low gold recovery is doubtless due to the
small amount of oil fed. Test 24 shows a decided improvement all
‘around. = The extrazction is better, and the grade of the_concentraté
is lbwer, while thet of the tails is really quit® low. It should
be noted that the feed is higher in value thanvin.previous‘tests..
Before really satisfactory results qgn’be obtained,
a thorough microscogpical study should be made’ of the tails to

’

determine in what form the gold is cOnta%_ﬁéde This would enable
reasonable methods for treatment to be giénned.A A great deal
more experimental work would have be%pfdone on the flotation of
cyanidé tailings had not time been Iécking. This is a very

desirable subject for further regearch.
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- TABLE Z.
‘Cagse Cyanide Flot'n. Ore Assays #Extractn -
No. Test No: Test No. Oz. Au. per Ton _ based on Remarks.
E Orig.Feed Final TailsFeed &Tail
’ Values.
1 1 24 Wright- 0. 468 0.075 84.0 Cyanidation, .
: Hargreaves tls.floated in
: single eell M.S
2 3 : 7 L 0.56 0.036 ~ 93.5 Large Scale
Flotn. Test #7,
followed by
— _ Cyanidation.
3 6 28 Iekeshore 2.39  0.117 95.2 Cyanidation,
' ' - Tls:;floated in
- single cell M.S

4 -8 11 " 2.8 0.235 91.6 Large Scale =
o Flotn. Test #11-

followed by

Cyanidation.

BN
The above table affords us an interesting though incomplete

eomparisdn of the relative effectiveness of flotation followed by
cyanidation, ahd.cyanidation with subsecuent flotation treatmént of the
tails. |

| In CaSes‘l and 3 cyanidation was followed by flotation of the
tails,.thé latter operation being performed on the single cell Minerals
Separation~machine. Onlythe best results obtained are recorded above.
The poor results obtained on Wright Hargreaves are are disappointing; it
must be remembered, however, that the flotation of ecyanide tailings from
the WrightqHargreaves mill produced tails that assayed as low as 0.03
0z Au;'@er»to@; This would bring the total extraction to about 95%.
It is quite possible that as good results could be obtained on the

fresh cyanide tails. The mill extraction by cyanidation is also higher

éthan that obtained in. the laboratory tests
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Thercombination of cyanidation and flotation seems
t0 be successful in treating rich Lakeshore oré, especially
if the processes are carried out in the above order, flotation
seeming to have the ability of extracting the cyanide insoluble
gold after cyanidation.

The series of tests carried out on Lakeshore ore is
particularly interesting as it enables comparisons to bé made of
both flotation and eyanidation alone, and of the combinations
of these two processes. As above steted cyanidation followed

by flotation gives most promise of being a commercial success.
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e\t GENERAL SUMMARY AND

T OO - CONCLUSIONS.

That flotation can successfully compete with
eyanidation in the production of low grade tails and high
gold extraction from a low grade Porcupine ore, has been
pfoved by certain of the tests discussed above. Some
additional work remains to be done in the raising of the
grade 6f congéntrate; suggestions as to possible tabling

- methods havé; however, been made. In the first few tests
it Was noticed;phat quite a high grade concentrate can be
made by're-fldating'or cleaning the concentrate. There is
every possibility that this method would prove commercially
successful.

'Walter‘s conclusions, for the most part,'agree with
the writef's on the nossibility of treating Kirkland Lake ore
by flotatidn. There are strong indications that this will be |
successful, but sufficient work has not yet been done either
to condemn or promdte flotation as a means of gold recovery.

Probably the solution of the Kirkland Lake problem |
of the recovery of the tellurides lies in a method involving
ecyanidation followed by flotation of the'tailiﬁgs.- This
treatment has given the lowest tailings and highest extraction
obtéined by any method, this being e8pecially;true in the case
of Aigh grade ore. The writer wishes to insisf on the

necessity of further work on this phase, particularly the

carrying out of additional large scale tests which should give



‘a good indication of the canmercial possibilities of such a
»ﬁrOCess.-
- The mechanical type of flotation machine seems to give
8lightly better results, fulfilling predictions made by
Prof. Erlenborn and others. | |
Further work on fhis subject should be directed towards
a study of suitable reagents, fineness of grinding, pulp dilutions,
amount of o0il and what oils are most effective. This research |
‘should be based on, and guided by microscopical study and chemical
analysié of the tailings in order to ascertain in what form the
unrecoveredvgold values occur. These tegts could be first carried'
out'with the single cell Minerals Separation machine. The best
results obtaihed in any series should form the basis for a thorough
and carefully executed trial, using the model mill circuit, treating
several hundred_pounds of ore in a test. |
Since assaying the various products of the different tests,
consumes such a large proportion of the whole time, comparatively
little actual research work is done. A great deal more would be
accomplished if the services of a competent assayer were continually
available. This would also no doubt be conducive to more accurate
'results.
| No mention has been made in any part of the thesis of the
means of extracting the gold from the flotation concentrate. This
isAbeyond<the,scope of this paper, hence the reader is referred to
theithesés of R. E. Legg and A.J.P. Walter, previously mentioned.
Bothﬁthese'writers treat this subject in conshierable detail. Some

interesting data on the treatment of gold concentrate by eyanidation



is given in the Mining amd Scientific Press, llzy and June, 1911
in a series of articles by J, W Hutchinson, dealing with the

operations of the Goldfields Consolidated mill.
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ORE DRESSING LABORATORY, MINING DEPARTMENT, McGILL UNIVERSITY FLOTATION TEST NO.| 71 v, T,
NOTES: 1200 gms. Ore fed to B.i. with 1200 gms water and DATE Jan, 18. 1927
ground for 5 mins. ORE NO. Vig Ly
PULP RATIO 1:1
Grinding started 10:52 R.P.M. IMPELLER
stopped 10:57 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.
11.05 Ure cheo'd M,S,. B+ L S OFE
11.04 B #4 10 No Min'l Froth GS S5 I OEESL-
11.19 GiS #5| 2 Weak Fr:little ilihl
11.14 B #4 3 slightly better Fp.
11.19 B #4 3 as above,
11.29 B #4 4 Stronger fr:more minl.
11.%50 B #4 2 little minl.wv.Frl SCREEN ANALYSIS OF FEED
11.%9 B #4 1 n " n " GRADE % GRADE %
11.48 B #4 3 " mwoonw ‘w + 20 + 100
11,57 B #4 1 " L 28 150
12.00 B #4 3 n . nn - -
12 .03 TEST STOPPED 48  —200
Conct. WT 1C 14 66 TOTAL
Tails WT i']? 947
TIME PRODUCT % % . .WEIGHT % WEIGHT % WEIGHT % WEIGHT PERCENT OF TOTAL
MIN. WEIGHT Au Au,
WT 1C {01.5 1%.55 (.05632 51.85
1T |98.5 | .05 0.049% 48,15
T.3025 100.00["




ORE DRESSING LABORATORY, MINING DEPARTMENT, McGILL UNIVERSITY FLOTATION TEST NO. 2 WT.
NOTES: 1200 gms. Ore ground in B.M. for 10 mins with 1200 ecc. DATE _ Jan. 18, 1927
water., Then 10 drops of B #4 added and grinding cont.for 5 minkORE NO. W.T.

PULP RATIO 1 1
R.P.M. IMPELLER '
Grinding started: 2.50 p.m. *2.46 puLp |START
" stopped 2.40 " 2.51 TEMP. |FINISH
TIME WEIGHT SAMP. WEIGHT MEAN .
H. M. REAGENT DROPS ¢.c. R.P.M. NOTES No’s REAGENT % LBS. P.T.
2,57 re che'd to WS LBE~L O EL/
2.58 [G.N.S.#3 1 Slight froth GrS S IS EL£
2.59 | B #4 3 " L
3.01 |G.N, S, ‘V‘f) 1 n "
3.10 | B #4 2 " i
5.16 | B #4 3 $light improvement
3.91 | B #4 3 S ame SCREEN ANALYSIS OF FEED
3.42 | B #4 4 GRADE % GRADE %
.57 Test stopped + 20 + 100
Conct. T.2Cl 14 28 160
Tails .T.2T[957 35 200
48 - 200
65 TOTAL
TIME PRODUCT % Oz . .WEIGHT % WEIGHT % WEIGHT % WEIGHT PERCENT OF TOTAL
MIN. WEIGHT Au. Au,
W.T. 2C| 1.44]| 3.40 [0.048¢ 49.7
2T {98.56 ]| 0.05]0.0493 00,38
100.00 0.098( 100.0




ORE DRESSING LABORATORY, MINING DEPARTMENT, McGILL UNIVERSITY

FLOTATION TEST NO.

5 WQT.

NOTES: 1200 gms. are ground in B.M. for 10 mins. with 1000 ce. DATE Jan. 19, 19 27
water with 10 ce. Sodium Sulphide (1#/ton). ORE NO. W.T.
‘ PULP RATIO R
Grinding started 3.20 R.P.M. IMPELLER
" stopped $.30 pULP |START
TEMP, |FINISH
TIME REAGENT DROPS c. .. WEIGHT RLP.M. NOTES SAMP. WEIGHT MEAN
H. M. No's REAGENT % LBS. P.T.
3.%5 Ore chgd to M.S.([Very &kan- BEx /-2
3.50| B #4 10 Poor Iroth but lescent|.linl. S5 5 D OSEL
3.51|GNS #5 2 slightly better [|shows [Little
0.55| B #4 ) than in previousltlendencly to spay in Frolh.
4.05| B #4 7 fests., |
4.24| B #4 5
4.40| B #4 8 Slight improvemen|t SCREEN ANALYSIS OF FEED
14.45| B #4 3 i " GRADE % | GRADE %
4.49| B #4 f5) Worse -ndminl + 20 + 100
5.04| B #4 3 1" 1" 28 150
5.10 Test stopped 35 200
Conet. WT AC 22 48 =200
Tails WT 3T | 944 65 TOTAL
TIME PRODUCT % O | WEIGHT % WEIGHT % WEIGHT % WEIGHT PERCENT OF TOTAL
MIN. WEIGHT Au. | Au.
w.T,3C [2,275) 2,400,054 98,15
3T 97.725 .04/0.,0391L 4] .85
100.000 0.0936 100,00




ORE DRESSING LABORATORY, MINING DEPARTMENT, McGILL UNIVERSITY FLOTATION TEST NO.| 4 W,T.
NOTES: 1200 gms. ore ground with 30 ce. K. Xanthate and 1200 cc. |DATE  Jan. 20 19274
water in B.i, for 10 mins. ORE NO. w.T.
PULP RATIO : 1
R.P.M. IMPELLER
Grinding started 9.40 a.m. BULP START
' " stopped 9.50 TEMP. |FINISH
TIME WEIGHT SAMP. | WEIGHT MEAN
H. M. REAGENT DROPS c.c. R.P.M. NOTES No’s REAGENT % LBS. P.T.
9.55 Ore chgd. to M.S. K.Xanthate| 30cdz .105%# Fo:
0.10|B #4 15 2 s /56
10.10{ GNS 5 2 G S. S dOEL
10.15|B #4 5
10.20| B #4 5 Stronger Froth than opreviously.
10.25|B #4 5 Slightly better 1 "
10.38| B #4 5 " " SCREEN ANALYSIS OF FEED
10.46| B #4 5 GRADE % GRADE %
11.00{ B #4 6 ' + 20 + 100
11.00{  ” 5 Little Mineral 28 150
11.18 Test stopped 35 200
Concts W_rT‘A G 24 48 —200
Tails W.T.4 945 65 T°Tj‘L
‘ 968 -
TIME PRODUCT % O& WEIGHT % WEIGHT % WEIGHT % WEIGHT PERCENT OF TOTAL
MIN. WEIGHT Au., Au.
W.m.4aC | 2.28| 2.400 .057Q 59.4
4T 197.62 0.0% 0591 40 .6
.0961 1100.0




ORE. DRESSING LABORATORY, MINING DEPARTMENT, McGILL UNIVERSITY  ‘|FoTaTionTEST NO.|  W.T.D
NOTES: 1200 gms. Ore ground for 10 mins. with 1# HNa S/Ton ap. . |oaTE  Jan, 20 19 27
0.105# K, Xanthate/Ton with 1000 ece. water. ORE NO. W T,
PULP RATIO 1 :1
Grinding started 10.46 a.m. R.P.M. IMPELLER
" stopped 10.56 " pULP |START
: TEMP, |FINISH
:lM: REAGENT DROPS c.c WEIGHT R.P.M. NOTES SAMP. WEIGHT _MEAN
. M. No’s REAGENT % LBS. P.T.
11,22 Ore fed W,S5. K, Xanthatd 20cg. 0,105
11.37| B #4 10 ( [Fair froth, well NaoS 10ced. 1.00
11.40| B #4 5 ( mineralized BEy VAR 4
11.43|B #4 5 ENNS S5 O /7B
11,47 GNS 5 2 Good Froth
11,50, B #4 5 nu
11.53| B #4 5 SCREEN ANALYSIS OF FEED
11.55| GNS 5 2 Rich rroth GRADE % | GRADE %
12.00] GNS 5 2 " " ! + 20 + 100
12.02| B #4 5 n " 28 150
12.09] B #4 5 Little slineral 35 200
12.15| B #4 5 . o n , 48 — 200
12.30 Test stopped Concts. W.T.5( 25 65 TOTAL
Tails WsT.5T 952
TIME | copueT % 0%, | WEIGHT % | WEIGHT % | WEIGHT % |weesx PERCENT OF TOTAL
MIN. WEIGHT Au. Q77 | Au.
W,T.hC.l 2.56 | 2,20 {.0563 3647
5T7.97.44 | 0,10 1.0974 653
537 1000




ORE DRESSING LABORATORY, MINING DEPARTMENT, McGILL UNIVERSITY FLOTATION TEST NO.| W,T.6
NOTES‘: 1200 _gms, Ore with 10 e.ec, 1:9 H Cl solution eround in B.U DATE 19
for 5 mins., (1000 c.c. water in B.,M.). ‘ ORE NO. w.T,.
PULP RATIO 1 :1
R.P.M. IMPELLER
Grinding started 11.05 a.m. START
" stopped 11.10 " 11?;\'”_5 FINISH
TIME WEIGHT SAMP. WEIGHT MEAN
REAGENT DROPS C.C. R.P.M, NOTES
H. M. No’s REAGENT % LBS. P.T.
11.16 Ore fed to ii.S. HCl 10% d0l.10cc,
11.15| B #4 10 Agitated (1ittle Water) BZL /- ZF2
11.%0, B #4 5 Very vpoor Hroth SIS S Q-7’77
11.32] B #4 5
11.35| GNS #5 2 Slight Froth Evangscent
11.37] B #4 5 Ev. Fr. improvemént
11.39] GNS 5 2 Little Mineral SCREEN ANALYSIS OF FEED
11.44] B #4 5 Better Froth, GRADE % | GRADE %
11.47| B #4 5 + 20 + 100
11.50! B #4 n 28 150
11.57] B #4 8 Poorer Froth 1i+ttle ilind. 85 200
1204 | B #4 5 48 — 200
12.12] H Cl. 20 o mineral, frothilclean 65 TOTAL
12.18| B #4 5 " " = "
TIME PRODUCT % Oz . WEIGHT % WEIGHT % WEIGHT % WEIGHT PERCENT OF TOTAL
MIN. WEIGHT Au. Au.
wW.T.6C. {02.879 4.10 [0.1178 75.3%
6T. |97.129 0.04 |0.03885 24 .65
100,00 0, 15645 100,00

Test stopped 12.24
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ORE DRESSING LABORATORY, MINING DEPARTMENT, McGILL UNIVERSITY. FLOTATION TEST NO.| y T,7
NOTES: 1200 gms. @re with 20 c.c. 1:9 H Cl solution, ground in DATE Jan. 27 1927
B.,u, for 5 mins with 500 c.c. water ORENO. W, T,
PULP RATIO : 1
R.P.M. IMPELLER
pULP |START
TEMP. |FINISH
TIME WEIGHT SAMP. WEIGHT MEAN
Y REAGENT DROPS c.cC. R.P.M. NOTES ; -

. M. No’s REAGENT % LBS. P.T.
10,35 Ore chareced W,S, H Cl 10 20 c.cC,
10.35| B #4 10 Agitated 15 mins B g /- ZE7
10.50| B #4 5 ENS 5 o-rr2
10.52] B #4 5
10,55} GNS_#5 2 Fair inl Fr.still Evangscent
10,571 B #4 5 1 ] i " i
11.05| B #4 5 " 1 n n n SCREEN ANALYSIS OF FEED
11,12] B #4 5 " " mooom u GRADE % | GRADE %
11,20| GNS #5 2 + 20 + 100
11.50 B #4 5 ' 28 150
11.%6| B #4 8 Slight improveme nt 36 200
11.41] B #4 7 48 — 200
11,46| B #4 5 Iess bin'l Good ¥Toth &5 TOTAL
11.521 i C]l, 20 o " " i

TIME PRODUCT % O% ., | WEIGHT % WEIGHT % WEIGHT % WEIGHT PERCENT OF TOTAL

MIN. | WEIGHT Au. Au.,

W‘To 7 c 2.65 109 0054.'0 5802
LT 7 T 97.4€ .04.03893 41.8
09295 00.0
Test stopped 11.55
Ww,T. 7C conct. 26 S
W.T. 7T Tails _ Q87 e 2 985 gnms.




ORE DRESSING LABORATORY, MINING DEPARTMENT, McGILL UNIVERSITY FLOTATION TEST NO. 8
NOTES: Repetition of Test 6 - 1200 gms. Ore ground in B.M. for DATE _ Jan., 31 1927
5 mins, with 10 ec, 1:9 H Cl. and 750 cc. water. ORE NO. w,T,
PULP RATIO : 1
Grinding started 9.31 a.m. R.P.M. IMPELLER
11 '
stopped 9.36 " pULP |START
_ TEMP, |FINISH
TIME WEIGHT SAMP. WEIGHT MEAN
M. w | (CRCENT | DROPS ¢.c. R.P-M. NOTES No’s REAGENT % LBS. P.T.
9.44 Ors chgd. M.S. #C'/ 70 ,r\«:;:_,
9.45| B #4 10 Acitated 15 mins. Y R 2 /-7
10.00| B #4 5 Poor froth G S-S o /77
10,02| B #4 5 1 3
10.05| GNS #5 2 NFlufty" Froth
10.08| B #4 5 Skinming started
10.10| GNS #5 2 SCREEN ANALYSIS OF FEED
10.15| B #4 5 GRADE % GRADE %
10.18] B #4 5 Better froth more |minerd] + 20 + 100
10,20 B #4 7 " " ' 28 150
10.271 B #4 8 " " 35 200
10.34| B #4 5 Little Mineral 48 — 200
10.435] H C1. 20 No mineral 65 TOTAL
10,48 B #4 5 n__v
TIME PRODUCT % O%. | weigHT % WEIGHT | % WEIGHT % WEIGHT PERCENT OF TOTAL
MIN. WEIGHT Au. Au,
W.T. 8Cl 02.18 2.6 |.0551 57.5
W.T. 8T 97.88 .04.0409 42.5
1.0960 100.0
Test stopped 10.54 a.m. ;
Conct w.T. 8 C. 21 gms. 991
Tails W.P. 8 T. 970 " } IvL &ms.




ORE DRESSING LABORATORY, MINING DEPARTMENT, McGILL UNIVERSITY FLOTATION TEST NO. 9
NOTES: 1200 grms. Ore ground in B.M. for 5 mins with 750 cc. wat¢DATE 19
and 1 gm. Ca0., (Lime alone N,.G, in spite of W.H.assertions, |ORE NO.
__ according to these results belowl; PULP RATIO : 1
Started 10.51(Has 0il killed lime?) (Time too long = |R.P.M. IMPELLER
Stopped 10.56 (for common practice.) puLp [START °
(o]
TEMP. |FINISH
TIME WEIGHT SAMP. WEIGHT MEAN
REAGENT DROPS c.C R.P.M, NOTES
H. M. No’s REAGENT % LBS. P.T.
10.02 Ore charged M.S. Cal Q.66
11.13 | Ho Froth BZs S22
11.19 G.N.S#H 3 Slight Froth:no mineral G IAS. S5 o /FE
11,16 B #4 5 " " yery lititle "
11.20 B #4 5 u u n i n
11.248 B #4 5 n " " " n
11.30G.N.S.#5 2 i "more mineral SCREEN ANALYSIS OF FEED
11.%9 R #4 5 Hoaip U ] " GRADE % GRADE %
11.44 B #4 5 " wo " + 20 + 100
11.48 B #4 5 less + " 28 150
11.57 B #4 5 % 200
12.0d B #4 8 Good Fr; more " 48 — 200
12.13 B #4 7 Poorer Fr:less " 65 TOTAL
12.234 B #4 5 tovV,1ittlel”
TIME | _oopucT % Ogf, | WEIGHT % | WEIGHT % | WEIGHT % WEIGHT PERCENT OF TOTAL
MIN. WEIGHT Av, Au.
w.T.9C.| 2.24| 2,151.0482 51.0
W.T.9T7.[97.76] .045|.0465 49,0
1.0945 1000
Test stopped 12 &3
Tails w.,T, 9 T 959 )
Conets. W.T. 9 C 22 981




ORE DRESSING LABORATORY, MINING DEPARTMENT, McGILL UNIVERSITY FLOTATION TEST NO.| 10.
NOTES: 1200 gms. ore ground in B,M. for 5 mins. with 750 ec.c., DATE Jan. &1. 19 27
of water, 15 c.c. sodium sulphide and 45 cec. £, Xenthate. ORE NO.
PULP RATIO : 1
R.P.M. IMPELLER
Grinding started 2.33 Deiils PULP |START
" stopped 2.8 " TEMP, |FINISH
TIME WEIGHT SAMP. WEIGHT MEAN
REAGENT DROPS C.C. R.P.M, NOTES —
H. M. No’s REAGENT % LBS. P.T.
2,45 Ore ched .S, Na.S 15 cel 1.5#
5,00 B #4 10 slieht froth ¥ .Xanfhated5 cel 0.152
3,09 B #4 5 rich froth B~ 2 /25
.08 B #4 5 skimming sterted G S 5 Vi
3,12 G, N,5,8 5 good rich froth
5.19 B #4 5 n " "
% .29 B #4 5 " n n SCREEN ANALYSIS OF FEED
2 929 . §.S . A 2 " " " GRADE % GRADE %
%.33 B #4 5 fair froth little| miner + 20 + 100
3.%39 B #4 5 " " very " | " 28 150
Bedd Test stopped 35 200
" Concts. W,T7.108. 25 48 —200
Tails. . T.101.961 66 _ToTAL
. » . 986 '
TIME PRODUCT % O, . | WEIGHT % WEIGHT % "WEIGHT % WEIGHT PERCENT OF TOTAL
MIN. weigHT | Au. | Au.
W.T.10C, |2.D038D5] 2.2 L0559 56,4
1+300W. T, 10T. | 367 J0675 [0247 } 24.9
-%00W.T.10T.| 619 |03 10185 18.7
0991 . ‘ 11000l

+300 *« 37.2 % of Total Wt. of Tails.
-500 = 62.8 " 1 1 n 13 1]




ORE DRESSING LABORATORY, MINING DEPARTMENT, McGILL UNIVERSITY. FLOTATION TEST NO.} 11,
NOTES: 1200 gms. ore ground in B.M. for 5 mins with 10 cec. DATE _ Feb., 1st, 127,
1:9 HCl: 40 ce. K.,Xanthates; 10 ec. Sodium Sulphide and ORE NO. W, T.
790 cc. water, PULP RATIO : 1
R.P.M. IMPELLER
Grinding started 9.39 a.m. START
" stopped 9.44 " TPE.\',,'E FINISH
TIME WEIGHT SAMP. | WEIGHT MEAN ©
REAGENT DROPS c.C. R.P.M, NOTES
H. M. No’s REAGENT % LBS. P.T.
9,50 Ore charged #,S. L.Xanthate|30ce .105
9.53 B #4 10 Agitated 15 mins, Na S 10 "] 1.00
10.09 B #4 5 Slight froth. Hey . 10% | 10 ce.
10.08 B_# 5 " 0 BrSL /53
10. GNS 5 3 Good " G LSS OA 7S
10.2d B #4 5 Fair "
10.25 @GNS © 3 " u SCREEN ANALYSIS OF FEED
10.28 B #4 7 " " GRADE % | GRADE %
10.54 B # 6 " n , + 20 + 100
10.40 B #4 8 B " 1little mineral 28 160
10,51 B #4 6 Very " " 35 200
11.0 Test stopped 48 — 200
Conct. W, T.11C. 22 66 TOTAL
Tajls W,T.,11' 963
TIME PRODUCT % O%, | WEIGHT % WEIGHT % WEIGHT % KWRIREKT PERCENT OF TOTAL
MIN. WEIGHT Au. | 985 Au.
w.T,11C.| 2.24] 2.05] .0460 53.0
W.T,11T7.] 97.76 .04 ,0392 47.0
1 .0852 100.0




ORE DRESSING LABORATORY, MINING DEPARTMENT, McGILL UNIVERSITY FLOTATION TEST NO. 12
NOTES: 1200 gms. ore ground in B.il. for 5 mins with 10 c.c. DATE Feb, 1st. 197,
NapS; 30 c.c. K.Xanthate; 750 c.c. water, ORE NO. W, T,
PULP RATIO : 1
Grinding started 10,42 R.P.M. IMPELLER
stopped 10.47 puLp |START
TEMP, |FINISH
TIME WEIGHT SAMP. WEIGHT MEAN
b, m, | REAGENT | DROPS | C.C R.P.M. NOTES No’s REAGENT % LBS. P.T.
11.09 Ore charged M.S. KX.Xanthate 105
11.089 F.P.L.#26 5 No froth. Na, S 1.00
11.10 F.P.L.#26 5 Slight " -
11.13 F.P.L.#26 5 Strong rich froth
11.20 F.P.L.#26 3 Feirly ™ L
11.28 F.P,L.#26 5 " 1" "
11.3Q9 F.P.L.#26 8 Very rich froth SCREEN ANALYSIS OF FEED
11.38 F.P,L.#26 3 Fair fwoth GRADE % | GRADE | %
11.59 F.BP L .¥26 4 Fair " Jlittle uineral + 20 + 100
12.0 Test stonned 28 150
Conets, w T.120. 195 36 200
Tails W.T.127.9262 48 —200
o8"Y 65 TOTAL
TIME PRODUCT % O ., | WEIGHT % WEIGHT % WEIGHT % WEIGHT PERCENT OF TOTAL
MIN. WEIGHT Au.l Au.
WlT, 12C.| 1.52]2.95 10449 D3.3
w{T. 12T7.]98.48]0.,04 }0394 46.7
los4z 100.00



http://t2.fi

ORE DRESSING LABORATORY, MINING DEPARTMENT, McGILL UNIVERSITY FLOTATION TEST NO. 13.
NOTES: 1200 gms. Ore ground for 5 mins. in B,M, with 10 c.ec. DATE _ Feb. 1st. 1927
Sodium Sulphide; & c.c. K, Xnthate: 750 c.c. water, ORE NO. w.T.
PULP RATIO : 1
Grinding started 2.24 p.m. R.P.M. IMPELLER
stopped  2.29 " buLp |START >
TEMP. [FInisH
TIME WEIGHT SAMP. WEIGHT MEAN
H. M. REAGENT DROPS c.c. R.P.M. NOTES No’s REAGENT % LBS. P.T.
2.35 Ore charged Il.S.
2.45 . T, 5 No froth NaoS 1.00
2.50 | T,T, 5 woow K.Xanthat ¢ .105
2.5 T.T. 5 Good rich froth
I A T.T, 3 dot mueh mineral
.5 Test stopped
Conots . W moqsb o4 SCREEN ANALYSIS OF FEED
Tails .T o 950 | eraoe % GRADE %
LI a4 + 20 + 100
28 160
35 200
48 - 200
65 TOTAL
TIME | copucT % O%,, | WEIGHT % WEIGHT % WEIGHT % WEIGHT PERCENT OF TOTAL
MIN. WEIGHT | Au. | L Au.,
W.7.13C| 2.47| 2.0 |.0494] ‘ 57 .2
W.T.13T[98.53]|.0875]|.0370 1 142
l.0864| 1000 | .
i



http://tliat.fi

ORE DRESSING LABORATORY, MINING DEPARTMENT, McGILL UNIVERSITY FLOTATION TEST NO. 14.
NOTES: 1200 gms. ore ground with 750 c.c. water in B.il. for 5 mingDATE Feb. 2nd. 1927
Then agitated in M.S. with 10 c.c. NasS and 30 c.c, K,Xanthat|ORE NO.
are added after. PULP RATIO : 1
R.P.M. IMPELLER
Grindiing started 10,20 a.n. stonwped 10.25 a.n. puLp |START
Agitation "™ 10,30 " " 11.50 " TEMP, |FINISH
TIME WEIGHT SAMP. WEIGHT MEAN ©
REAGENT DROPS C.C. R.P.M, NOTES -
H. M. No’s REAGENT % LBS. P.T.
10,30 Ore charged hi.S. Na_S 1.00
11.36 B.#4 | 10 No froth X Xanthatle 105
11.44% B.#4 5 Little BZ L 75
| 11.48 B.#4 5 n_ e rAS 5 |@ - 425
11.52 G.N.S.b 3 Fair rich froth i
11.5p B.#4 5 " " "
15 0b B 4 5 Gand M n SCREEN ANALYSIS OF FEED
19 . 0F B.#4 5 n n W GRADE % GRADE %
12,08 G.N.5.5 3 Fefirly ggod " + 20 + 100
12,15 B.#4 5 " no" 28 160
12.26 R.#4 7 Fair froth little lmineral 35 200
12.34 B.#4 9 48 =200
12.42 Test |stoppeld Concts. W, T.140. 200 s TOTAL
| Tails Y.T.147. 962
TIME | _coouct % 0%, | WEIGHT % WEIGHT % WEIGHT % _|XORRGHT] Ay, PERCENT OF TOTAL
MIN. WEIGHT | Au, 982
W.T7.14C| 2.04 2.2 |.0449 S.4
W.T.14M.97.96] 0.08.0394 46,6
1.0843 00.0
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ORE DRESSING LABORATORY, MINING DEPARTMENT, McGILL UNIVERSITY FLOTATION TEST NO. 15.
NOTES: 1200 ¢ms. ore ground in B.M. for 5 mins. with 10 c.c. DATE Feb. 4th 1927
NaES solution 2nd 80 c.c. &, Xanthate solution with 750 cc.waten ORE NO. W, T,

PULP RATIO : 1
Grinding started 10.33 a.m. R.P.M. IMPELLER
- n (o]
stopped 10.38 puLp |START _
TEMP. |FINISH
TIME WEIGHT SAMP. WEIGHT MEAN ©
., | REAGENT | DROPS | C.C R.P.M. NOTES . - -

. M. No’s REAGENT % LBS. P.T.
9.43 Ore charged G/XS. 5~ O B
9.45| GNS #5 3 S1light froth no mineral
9.48[ GNS #5 2 erylevanescent fr,{littlgq minenal
9,53 " 2 no L " " "

10.05 " 2 " u Ve r n n
10.20 " 2
10.15 Test stonped SCREEN ANALYSIS OF FEED
Compts . T 15 4 | GRADE % GRADE %
Tai 1s L W.T,15T 975 + 20 + 100
979 28 160
35 200
48 - 200
65 TOTAL
TIME PRODUCT % 0%, | WEIGHT % WEIGHT % WEIGHT % WEIGHT PERCENT OF TOTAL
MIN. WEIGHT Au. Au,
W.T.15C, .409 6.9 1.0282 32.1
. T.15TJOFP59 | 0.61.0597 67 .9
1.0879 100,0




Soln.is
acid,no
KCIV .

ORE DRESSING LABORATORY, MINING DEPARTMENT, McGILL UNIVERSITY

FLOTATION TEST NO.

16.

NOTES: 1500 gms, wet Tls, from 4th Yr. Cyanide Test agitated for DATE Feb, 16% 1907
1l hr, with 1500 c.c. watér; 25 c.c. Naod and 25 c.c. K. Xanthate ORE NO. W.T,
The ore was then chargsed to the .5, eell, PULP RATIO : 1

R.P.M. IMPELLER
Agitation started 10.06 a.m., PULP |START
_ " stopped 11,06 " TEMP, [FINISH S

:l Mni REAGENT DROPS ¢.c. — R.P.M. NOTES s:r: ' _— REAGEI:IW'II‘E = % LBS. P.T.

11.19 Ore chgd., M.S.-1jme froth Na_S 1.0

11.19 B #4 10 Copious white visedus Fr. K.Xanthate 0.1

11.2% GNS 5 2 " dirty " " H Cl. 10

11.25 B #4 10 n " " n B*L /2.5

11.2% HCl. 20 " n " " GrS. S Pos5EL

11.9 HC1. 30 " " u n

11.32  HC1. 45 " T T 1" — g SCREEN ANALYSIS OF FEED

11.49 B #4. 10 u n " n - rg GRADE % GRADE %

11.58 K. Xanth. 10= LOszn.] : o] +m + 100

11.95¢ Pu%n lupereduced| & water added. -4 28 150

12.01 B 74 5] Froth reduccd no :qinerall, s 36 200

12.04 B #4 5 " §1.inercas, " " = 48 =200

12.19 Test stopped. O 65 TOTAL

TIME PRODUCT % % WEIGHT % WEIGHT % WEIGHT % WEIGHT PERCENT OF TOTAL
MIN WEIGHT
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ORE DRESSING LABORATORY MINING DEPARTMENT, McGILL UNIVERSITY FLOTATION TEST NO. 17
NOTES: 1500 gms. wet Tails from 4th Year Cyanide Test agitated DATE Feb., 16th, L2V
i : . ORE NO. W T
-ate. PULP RATIO : 1
R.P.M. IMPELLER
Acitation started 10.36 a.m PULP |START
' 0 stopped 12 .36 U TEMP, |FINISH
TIME WEIGHT SAMP. | WEIGHT MEAN
H. M. REAGENT DROPS ¢.c. R.P.M. NOTES No’s REAGENT % LBS. P.T.
2«50 Ore fed I.S.lime Ifr, Na_ S 1.0
2.54 B. #4 10 Copious dirty froth no rin'l.][-Xg%thntp 0.1
2.50 B. #4 10 n " 1 1" " H C1 10 20 ce
5.0 H C1, 20 legs " npm n K,C1,0, 0.1
.16 B, #4 | 10 as ahove 8L 0-73&
3.29 X.Cx. O, 25 Fr.possibly grayep in colour |G/AS S B-053¢
GNS5$ ~ 2 Vernv conious froth (Birtw) SCREEN ANALYSIS OF FEED
.22  Test stonped. ‘ o GRADE % GRADE %
o y + 20 <+ 100
jonects., iT.172C 28 150
ails WT,.17% 35 200
) DISCARDED, 48 —200
65 TOTAL
TIME PRODUCT % % WEIGHT % WEIGHT % WEIGHT % WEIGHT PERCENT OF TOTAL
MIN. WEIGHT '




ORE DRESSING LABORATORY, MINING DEPARTMENT, McGILL UNIVERSITY FLOTATION TEST NO. 19,
NOTES: 1250 gms. moist ore put in M.S. Cell and agitated DATE March 1lst, 1927
for 20 mins, ORE NO. 201
PULP RATIO : 1
R.P.M. IMPELLER
(o]
PULP START o
‘ TEMP,. |FINISH
TIME oE WEIGHT SAMP. | WEIGHT MEAN °
H. M. REAGENT DROPS c.c R.P.M. NOTES No’s REAGENT % LBS. P.T.
10.4D Ore charged to M.5. poXl - o372
11.00 B #4., | 10 Very copions froth{dirty].
11.20 Test stopped.
DISCARDED.
SCREEN ANALYSIS OF FEED
GRADE % GRADE %
! + 20 + 100
28 150
35 200
48 — 200
66 TOTAL
TIME PRODUCT % % WEIGHT % WEIGHT % WEIGHT % WEIGHT PERCENT OF TOTAL
MIN. WEIGHT




ORE DRESSING LABORATORY MINING DEPARTMENT, McGILL UNIVERSITY. FLOTATION TEST NO. 20,
NOTES: 1250 gms. moist Cy. Tls. pulp (as in 19) put in B.il. for DATE _ March 1st. 1927
7 mins. with 250 c.c. water. Then washed and diluted - ORE NO. 201 T,
allowed to settle for 20 secc. and elutriated. Llore water PULP RATIO : 1

added - allowed to settle for 20 secs, and more slimes drawn of]

PR.P.M. IMPELLER

Then puln charged to ii.S. pULP |START
. TEMP, |FINISH
TIME REAGENT | DROPS oG WEIGHT I NoTEs SAMP. | WEIGHT MEAN °
H. M. e No’s REAGENT % LBS. P.T.
12,05 Ore charged to M,S| NapS 2.0
2,06 B #4 5 Ivanesct.Fr.(clean| K.Xanthat¢ 0.2
12.10 Nay | 20 " " " BZ*s 2-62 #
K.Xanthd) " " " G S S Lévafd“'%
12,39 B #4 o) " " "
12 .34 GNS 5 1 Thick Froth,little|minl,
12.398 B #4 10 1] 1 more " SCREEN ANALYSIS OF FEED
12.40 GNS 5 1 " ] u " GRADE % GRADE | %
12.44 B #4 | 10 " " . " + 20 + 100
12.5( Test stopped. Co Iy 28 150
_ M.S.T™s. | 368 36 200
El. " 455 48 — 200
829 65 TOTAL
TIME | -opucT % 07% | WEIGHT % | WEIGHT % | WEIGHT % WEIGHT PERCENT OF TOTAL
MIN. welGHT | Au. Ay,
Tails 144.,42% ,105].0466 36.6
" K1.]54.85Q0 .102].0560 44.0
Conctsd  .72% 0232 20.4
100.0 . 1258 100.0
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ORE DRESSING LABORATORY, MINING DEPARTMENT, McGILL UNIVERSITY. FLOTATION TEST NO.| 21
NOTES: 1250 gms, moist Ore put in B.M. for 7 mins. with 700 c.c. |DATE Mar. 1st. 1927
water. Then diluted and allowed to settle for 20 secs. in bucH®BE NO. 2017
The slime was then syphoned off to a marked deoth. The PULP RATIO : 1
settled sand etc. was then fed to the si,S., cell, 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.
.30 dre fed to M,S. B o2
4,00 B, #41] 10 dlight fr. no mineral. G S S oeS5LL
4,02 GNS 5 1 Better " little "
4,08 B, #4] 10 w0 " "
4.08 B, #4 5 no "
4,13 GNS. B 1 " " -
4,168 B. #4 5 dirty froth SCREEN ANALYS!S OF FEED
4,20 Test stopped C. 9 GRADE % _ | GRADE %
' M., T. 489 + 20 + 100
Bl. 441 28 150
959 35 200
43 - 200
65 TOTAL
TIME PRODUCT % 0% . | WEIGHT % WEIGHT % WEIGHT % WEIGHT PERCENT OF TOTAL
MIN. WEIGHT Au, |
Tails 52.11 .09 40468 36,2
moOHl4 47.0f .11540550 42.5
Conet.| .958(2.85 (0273 21.3
100.07 ERE R T00.al




ORE DRESSING LABORATORY, MINING DEPARTMENT, McGILL UNIVERSITY

FLOTATION TEST NO.

22.

—

Then syphoned off to a pre-determined amount.

NOTES: 1450 gms, of moist ore put in B.M, for 5 mins. Then DATE March drd. 1927
diluted after placing in a bucket. Allowed to settle 30 seecs. ORE NO. 201T,
The remainder PULP RATIO : 1

was again diluted, allowed to settle 20 seecs.

and synhoned to

R.P.M. IMPELLER

same noint. Then charged to II S. 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.
11.15 Ore charged to M.PB, NapS 2.0
11.19 K.Xanth.) 20 Agitated for L hrl K.Xanthate 0.2
1 RERSYS) ) B E L S-S €
11.49 B #4.] 10 Poor Froth no minkral GFIYS 5 O-458FL
11.50 GNS 5y 1 Slight " 1ittlel™
11.534 . B #4.| 10 Fair " more "
12.1d B #4.| 10 L o 1ittlel| " SCREEN ANALYSIS OF FEED
12.13 GNS 5 1 " " more ", GRADE % GRADE %
12.11 B #4 | 10 " "o little [ + 20 + 100
12.33 B #4 | 10 i " yepy " | M 28 150
12, 4G Test stopped C 8 35 200
M.S, | Tails| 357 48 =200
1st.El.| Tls 429 65 TOTAL
2nd El. " 167
TIME | copueT % - (Vg , | WEIGHT % | WEIGHT % | WEIGHT % wgnm PERCENT OF TOTAL
MIN. WEIGHT Au. 961
18, 6702 009 00555 25.5
"R, 62.0] .137].0830 56.7
Concts! .834|2.8 |.0234]" 417.8
100,03 1319 100.0




ORE DRESSING LABORATORY, MINING DEPARTMENT, McGILL UNIVERSITY. FLOTATION TEST NO.| 2.
NOTES: 2000 grms. wet ore (1000 gr, dry) ground in B.il, for 5 mins|DATE March 10th, 1927
L : S = 3:1, Volume helved., Allowed to settle for 6 mins ORE NO. 201CT.
. i l : s =6 or 7:1. Then syphoned off %£ill % vgl, PULP RATIO : 1
Charged to il.S. cell. Ore used: Tails from cyunide test on W.H{R.P.M. IMPELLER
ore by IV Year. puLp |START Z
TEMP. [FINISH
TIME REAGENT | pROPS ..o WEIGHT - NOTES SAMP. | WEIGHT MEAN °
H. M. e No’s REAGENT % LBS. P.T.
2,50 Ore chgd. to s,S s s [-OF L
3.5] B #4 10 Froth no wineral Aaz S 20
.55 | B #4 | 10 K Xo27% o2
5,55 K, Xanth ) 20 Poir froth with a
Nag S ] little mineral.
4,00 | B #4 |10 " "
4,13 | B #4 5 little wmineral SCREEN ANALYSIS OF FEED
4,20 Test ston~agd GRADE % GRADE %
i Conet 9 + 20 + 100
Tails| 807 28 150
RENA 35 200
48 —200
65 TOTAL
TIME PRODUCT % 0%, | WEIGHT % WEIGHT % WEIGHT % WEIGHT PERCENT OF TOTAL
MIN. WEIGHT Al
Tails 98,569 .085|,0889 63.2
Conctsd 1.1 4.45].0490 36.8
100.07 1329 100.0




ORE DRESSING LABORATORY, MINING DEPARTMENT, McGILL UNIVERSITY FLOTATION TEST NO. 24,
NOTES: 500 ems. ore, allowed to settle for 11 mins. agitated pate  March 10Th, 1087
previously with 20 c.c. K. Xanthate andg N.q:S for 15 ming ORE NO. 201 CT,
clutriated. Th-~ charced to M.S. cell. PULP RATIO : 1
R.P.M. IMPELLER
1l : s =05:1 before elutriation, - PULP |TART
1 :s = 2:1 after " (Same ore as in Test 23.) TEMP. |FinisH
TIME WEIGHT , SAMP. WEIGHT MEAN ]
REAGENT | DROPS c. C. R.P.M, NOTES -

H. M. No’s REAGENT % LBS. P.T.
4,29 Ore charced ta M.$. ﬂil‘_ /-7
4.26 | B f4 10 No mineral G/ SO 2223
4,29 | B #4 10 Little " ANz S Z-
4.29 | GNS 5. 1 Lore " A Xa27%. o/
4,30 " i , .

4,54 | B #4 10
4,36 | GAS 5 2 Improved fr, moreiminergl SCREEN ANALYSIS OF FEED
4,41 3 g 10 n " " n GRADE % GRADE %
4. 4D ONS B 1 " " " " + 20 + 100
4,46 KXolla. S 10 28 150
la,48 | B 44 10 36 200
4,50 | GNS B 2 Vol,i'r, a 1little miners 48 — 200
4,55 | B #4 5 Not mpueh mineral Conets 25 66 TOTAL
K. 08 | Finis. Toils 386
TIME | _copucT % 0% . | WEIGHT % | WEIGHT % WEIGHT % WEIGHT PERCENT OF TOTAL
MIN. WEIGHT A . 41l
Tails | 95,94 075 [0.070 ’ ‘ 1 4.4
Concts . 6,01 1.5 10,091 DO .6
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ORE DRESSING LABORATORY, MINING DEPARTMENT, McGILL UNIVERSITY FLOTATION TEST NO. 25.
NOTES: 1200 ems. wet ore ground for 5 mins. in B.M. with 4o cc, |DATE April 4th 19 21
water and 20 drops B #4 and K. X and NagS ORE NO. 200 c.
w PULP RATIO : 1
Ore is tails from Cyanide test on Ore $200 by 4th Yesar, R.P.M. IMPELLER ~
pULp |START i
TEMP, |FINISH
TIME G WEIGHT SAMP. | WEIGHT MEAN °
H. M. REAGENT DROPS. c.c R.P.M. NOTES No’s REAGENT % LBS. P.T.
10.00 Ore chhrged o I,5| Dirty conious froth. K.Xanth, 0.1
10.0p K.Xant qcci\'iazg 10 il i i Nags 1.0
10,15 B.# 5 L " " LB EZ L OFF
10.28 B.#4 |10 Conions froth shmd mineral. G XS, 5 -O 5354
10.35 B.#4 |10 Good mineral ,Brg, |¥roth,
10.45 B.#4 |10 " 0 " 0
10.59 GNS 5. 2 " n i " SCREEN ANALYSIS OF FEED
11.2() Test stonned - Canectls ., 52 | GRADE % GRADE %
' : Tailg 973 + 20 + 100
- 1025 28 160
Some cpnet. [lost owing tp leak| in nan. 36 200
48 =200
65 TOTAL
TIME | copucT % 0%, | WEIGHT % | WEIGHT %. | WEIGHT % WEIGHT PERCENT OF TOTAL
MIN. WEIGHT Al .
Conets. 5.06] 2.2 1115 44.0
Tails 94.94| 0.1541421 56.0
. 2556 00.0




ORE DRESSING LABORATORY, MINING DEPARTMENT, McGILL UNIVERSITY FLOTATION TEST NO. 26
NOTES: Two lots of 500 gns. ore stmrimr=to=ssfagitated half an~\_|DATE April 4th 127 .
hour with 10 c.c. of K X: nthat NaoS diluted o )| ORE No. - 200 (C)
3000 c.c.,(iTlowed o settle 15 mins. cus — | PULP RATIO : 1
R.P.M. IMPELLER
buLp |START
TEMP,. |FINISH
TIME FEAGEN WEIGHT SAMP. | WEIGHT MEAN °
H. M. GENT | DROPS |} C.C. R.P.M. NOTES No’s REAGENT % es. P.TOP
2.15 ' Ore charged to M.B. K.Xanthate 0.1
2.15 | B #4 10 Fine bubble froth,sofe mingral |NapS 1.0
2.20 " 10 Good fr.,considerpble | Ho SY 2 ce 4,
2.35|. " 10 " pich froth. 2346.% /P22
2.40 | " 10 | n m 0 F s o2-243
2.48 n lo n oo "
2,54 | GNS 5 3 Gopious fr. not muph mineral SCREEN ANALYSIS OF FEED
2:59| B #4." 5 |Poor fr., very litile " GRADE % GRADE %
3,12 [H.So, 10 R LA W, " + 20, + 100
% 12' Gl\Tb 5 ' o 1 n " 1" n 28 150
%.20 n o n " TS f " 35 200
SA) HgSO. 10 . . 21.T1s 4 - 48 —200
' = Tails| 849 65 TOTAL
il Test stonped....Loncts 44
TIME PRODUCT % O% . | WEIGHT % . | WEIGHT % WEIGHT % :cmglgz]m PERCENT OF TOTAL
MIN. WEIGHT Aud.
4.91| 2.6].1275 | 45.6
95.09 0.16.1520_ 04,4
12795




ORE DRESSING LABORATORY, MINING DEPARTMENT, McGILL UNIVERSITY FLOTATION TEST NO. 27 .
NOTES:  Two 700 gm. lots of wet ore agitated with 10 c.c. of DATE 19
solution for half hr. (about 1%:1 pulp). Then charged to ORE NO. 200 c.
M.S. machine. PULP RATIO 1
R.P.M. IMPELLER
puLp |START Z
TEMP. |FINISH
TIME WEIGHT SAMP. | WEIGHT MEAN o
H. M. REAGENT DROPS ¢.c. R.P.M. NOTES No’s REAGENT % LBS. P.T.
11.50 Ore charged K. Xanthaté 0.1
11.50 B #4 10 lapious dirty frot Nags 1.0
11.559 " 10 " " " spme mineral 3 =L /- I€
11.059 B #4 10 " mpre " G /LS 5. 0-055#
11.09 " 10 " : 1 n
11.20 " 10 " " "
11.3%58 GNS 5 2 " o me " SCREEN ANALYSIS OF FEED
11.45 Teast sto nppr’i Concts 4.2 GRADE % GRADE %
' Tfails| 8585 + 20 + 100
2Q7 28 160
36 200
48 — 200
65 TOTAL
TIME | _copucT % 0%, | WEIGHT % | WEIGHT % WEIGHT % WEIGHT PERCENT OF TOTAL
MIN. WEIGHT Au.
Conct. 4.69 2.40 .1250 45.4
Tails 96.3)] 0.17 .1633 56,6
. 2884 100.0




ORE DRESSING LABORATORY, MINING DEPARTMENT, McGILL UNIVERSITY FLOTATION TEST No.| 281
NOTES: 1500 gms. Wet ore ground in B.M. for 25 mins.with 25 dr. DATE April 4. 19 27
B ?4. ‘ ORE NO. 200 e¢.
PULP RATIO : 1
R.P.M, IMPELLER
Grinding started .24 PULP |START
. | TEMP. [FINISH
TIME REAGENT WEIGHT ‘ ' SAMP. WEIGHT MEAN
H. M. DROPS ¢.c. . R.P.M. NOTES No’s REAGENT % LBS. P.T.
3455 Ore chg'd to M.SL Z A P e
" . Verv|copiols dirty froth 1st Conec. &GS S LAY & 4
4.04 [Kxé&nNa: s 10 Good rich " Naz S 2°0
4.06 | B #4 10 " i i A X751 o2
.23 1] 10 n 11 1n
. 35 |[KXalNagS 10 | BEvangscent " |
42| B ¥4 10 Good rich| n SCREEN ANALYSIS OF FEED
B3| B " 10 " " " GRADE % GRADE %
5.00 [G.W.S5.5 2 . : + 20 + 100
10 Tegt Stovped 2nd Cone.49 28 150
‘ Tes. a2 35 200
1057 48 —200
65 TOTAL
TIME PRODUCT % O}Z o | WEIGHT % WEIGHT % WEIGHT % | WEIGHT PERCENT OF TOTAL
MIN. WEIGHT Au
1st Condt.1.54 4.6 |.0708] | "‘ | 29.5
2nd " 4,72 1.4 [.0560 N 23,6
T¢ds. 94.74 0.117.1110. | w79
‘ 25178 ‘ "













