Montana Tech Library
Digital Commons @ Montana Tech

Bachelors Theses and Reports, 1928 - 1970 Student Scholarship

1-1-1941

A Study of a Carbonaceous Gold Ore

James S. Huckaba

Follow this and additional works at: http://digitalcommons.mtech.edu/bach theses

b Part of the Ceramic Materials Commons, Environmental Engineering Commons, Geology
Commons, Geophysics and Seismology Commons, Metallurey Commons, Other Engineering
Commons, and the Other Materials Science and Engineering Commons

Recommended Citation
Huckaba, James S., "A Study of a Carbonaceous Gold Ore" (1941). Bachelors Theses and Reports, 1928 - 1970. Paper 147.

This Bachelors Thesis is brought to you for free and open access by the Student Scholarship at Digital Commons @ Montana Tech. It has been accepted
for inclusion in Bachelors Theses and Reports, 1928 - 1970 by an authorized administrator of Digital Commons @ Montana Tech. For more

information, please contact ccote@mtech.edu.


http://digitalcommons.mtech.edu?utm_source=digitalcommons.mtech.edu%2Fbach_theses%2F147&utm_medium=PDF&utm_campaign=PDFCoverPages
http://digitalcommons.mtech.edu/bach_theses?utm_source=digitalcommons.mtech.edu%2Fbach_theses%2F147&utm_medium=PDF&utm_campaign=PDFCoverPages
http://digitalcommons.mtech.edu/stdt_schr?utm_source=digitalcommons.mtech.edu%2Fbach_theses%2F147&utm_medium=PDF&utm_campaign=PDFCoverPages
http://digitalcommons.mtech.edu/bach_theses?utm_source=digitalcommons.mtech.edu%2Fbach_theses%2F147&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/287?utm_source=digitalcommons.mtech.edu%2Fbach_theses%2F147&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/254?utm_source=digitalcommons.mtech.edu%2Fbach_theses%2F147&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/156?utm_source=digitalcommons.mtech.edu%2Fbach_theses%2F147&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/156?utm_source=digitalcommons.mtech.edu%2Fbach_theses%2F147&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/158?utm_source=digitalcommons.mtech.edu%2Fbach_theses%2F147&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/288?utm_source=digitalcommons.mtech.edu%2Fbach_theses%2F147&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/315?utm_source=digitalcommons.mtech.edu%2Fbach_theses%2F147&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/315?utm_source=digitalcommons.mtech.edu%2Fbach_theses%2F147&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/292?utm_source=digitalcommons.mtech.edu%2Fbach_theses%2F147&utm_medium=PDF&utm_campaign=PDFCoverPages
http://digitalcommons.mtech.edu/bach_theses/147?utm_source=digitalcommons.mtech.edu%2Fbach_theses%2F147&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:ccote@mtech.edu

CARBONACECUS GOLD

CRE

4 Thesis
Submitted to the Department of lietallurgy
in Partial Fulfillment of the
Requirements foxr the Degree of
Seéchelor of Science in Metallurgical Engineering

MONTANA SCHOOL OF MINES LIBRARY
BUTTE



A STUDY
OF A
CARBONACEQUS GOLD
ORE

By
James S. Huckaba

| 4 0 70

A Thesis
Submitted to the Department of Metallurgy
in Partial Fulfillment of the
Requirements for the Degree of
Bachelor of Science in Metallurgiecel Engineering

MONTANA SCHCOL OF MINES LIBRARY.



win 96-142871y

|

TABLE GF CONTENITS

Introduction = = = = = = = = = « = @ = =

Method of Procedure = = = = = = = = = =

Grinding = = = == = = = = = = = = = =« =
Viater SUPPLY = = = = = = = = = = = = = =
Amglgamation = = = = = = = = = = @« = - =
Hydraulic Classification = = = = &« =« =« =
Flotation Tests = = = = = = = = = = = =
Float & 8ink of Talls -~ = == » = w = -
Present Flow Sheet = = = = = = = = = = =
Conclusions = = = = = = = = = = = = = =
Acknowledgements = = = = = = = = = = - -

RefercnCes = = = = = = = = = = = = = = =

S Olen s bt

11l
11
13
15
16
29
31
32
33
34



The presence of graphite in the ore of the Llis=-
souri-licKee Mine has made its treatment by the methods now
used quite unsatisfactory. The study was undertaken to de-
velop & new flow sheet which would give a high recovery and
yet be economical enough to handle low grade material. Steamps
‘and plates, followed by a unit flotation cell, two Wilfley
tables, and a batch cyanide process (See Plate I) constitutes
the present flow sheet used, the purpose of the unit cell
being to remove the granhite prior to cyanidation. It is a
well established fact that, if present in cyanide solutions,
graphite will adsorb the gold-cyanide molecule and carry the
gold out with the tailing.

The Missouri-McKee Mine is located about nine miles
west of McAllister, Montana in what is known as the Washing-
ton mining district of the Tobacco Root Mountains. The ore
can be typed as a highly oxidized quartz vein with & small
percentage of sulphides present. A large syenite porphyry
sill has invaded the country rock, which consists of FPony
gneisses and shists of the Cherry Creek formation. The ore
occurs in four parellel veins, two of which are on the foot

and henging well of the sill while the other two veins follow

the bedding planes of the country rock.



The problem appeared to be a very good one as none
similar had been worked out as & thesis. Due to the nature
of the ore it was thought advisable to proceed under the dir-
ection of both the Metallurgical and Mineral Dressing depart-

ments as the facilities necessary were combined in both.
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A GENERAL METHOD OF PROCEDUERE
FOR ORE TESTING

Obtaining a suitable and accurete sample.
Determining the minerslogical composition.
Chemical analysis of the ore.

Determining the distribution of the valu-
able mineralses

Determining the aggregration of valuable
minerals in the ore.

A study of existing flow sheets of similar
ores.

The drawing up of a tenative flow sheet,
Test flow sheet for each type of concentra-
tion.

Making a pilot mill test.



About 200 pounds of the ore were available and
proved ample for all purposes. The largest pieces were about
& inches in diameter, but most of it was fine enough to pass
a 1/2 inch Jones Splitter. This sample was taken from re-
jects at the Assay Office of the mill and was thought to give
a good a composite sample of the various veins as could be ob-
tained without extensive sampling. At least all the minerals
would be present in greater or lesser amounts and thereby be
taken into consideration in the concentration. The sample
contained a great deal of fines due to the fact that much of
it had been put through a Braum polverizer, This proved quite
é drawback to good testing because of the large proportion of
slimes, '

The sample selected should be large enough to per-

fom all tests and be representative of ell ore to be treated,



CHEMICAL ANALYSIS

The basis for the mineral analysis was teken from
smelter returns, from observations of the writer while at the
property, and from microscopic examination. A high consump-
tion of cyanide led to the search for "cyanicides," that is,
minerels which enter into a chemical reaction with sodium
cyanide.

The regular insoluble method was used for the quartz
determination. This, of course, included the graphite which
was also an insoluble. The iron content was determined by the
dichromate method,the lead by the molybdate method, and copper
by the iodide method. Antimony and arsenic were tested for
and found to be present in appreciable amounts, and their per-
centages found gravimetrically. The question of finding the
amount of graphite seemed at first a difficult one, but by means
of an electric tube furnace the graphite was oxidized to carbon
dioxide, the gas caught and weighed. A five gram sample was
treated to remove all the soluble matter, 2.7372 grams placed
in a boat with alundum and placed in the quartz tube of the fur-
nace. A correction had to be made for loss in weight due to the
soluble material, as the 5 gram samples were reduced to 3.85

grams during digestion by acid, the results were multiplied by

.85
the factor 5.00°

observations during flotation tests.

The result thus obtained seemed to check the



The results of the. analysis are tabulated below:

Gold 0.800 oz/ton
Silver 2:5 oz/ton
Silica(in-77.19 %
sol)
Iron 9.9 %
Lead 1.63 %
Copper 0.05 %
Arsenic 0.49 %
Antimony 0,77 %
Graphite . 0.43 %

Further qualitetive work than this seemed unneces-
sary unless microscopic work revealed other metals in quantit-

ies largé enough to have a direct effect on the concentration.



MISCROSCOPIC STUDY

A microscopic exemination of most samples is
made to determine the minerals present, their relative abund-
ance, and the size of liberation of the valuable minerals
from the gangue. The best results are obtained when sized
portions are mounted in bakelite briquets and examined at
about 100 X in reflected, oblique and polarized light.

The four important means of identifying ore min-
erals are: first, the observation of color, hardness, and
outline as observed upon polished surfaces; second, the ob-
servation of optical properties through polarized light;
third, micro-chemical tests on minute fragments; and fourth,
the etch and stain reactions of certain reagents on polished
surfaces. Megoscopic examination and blow pipe analysis are
limited to large specimens and are of little importance in
the investigation of small or rare constitutents,

FLOAT AND SINK TESTS:

In ore dressing practice, either acetylene tetra-
bromide (spe. gr. 2.95) or methylene iodide (sp. gr. 3.3) is
used for most purposes. Eilther of these can be diluted with
kerosene or benzene to make liquids of lower specific gravity.
Benzene was used as a diluent for acetylene tetrabromide to
make a liquid of specific gravity of 2.4 and 2.65. An effort

was made to float the grephite (sp. gr. 2.2) from the other



components in order to have a clean portion of the material
for assaying, but the desired product remained in suspension
or did not float at ells, The failure of the experiment was
thought due to the fact that a product was being used (-65 +
140 mesh) which gave too wide a range in dimensions of the
light, flat particles, and due to the filming of the graphite
during wet screening much of it may have been finer than 140
mesh. Some of the graphite particles could have been locked
with gangue, but none were seen when the float product was
examined under a microscope. Lack of time prevented further
study of this phenomenon.

Ten grams of the sized product (-65 + 140 mesh)
were used to make & regular float and sink test using undilut-
ed acetylene tetrabromide. By using a 300-ml separatory fun-
nel excellent fractions were obtained. The sink product
(weight: one and one-half grams) was used in making a briquet
for microscopic examination, end the float product was examin-

ed in the granular state and then assayed,

TABULATION OF RESULTS

Assay of heads 0.83 ox. Au/ton
Assay of float 0.05 oz. Au/ton
Assay of sink (calculated) 5.27 0z. Au/ton
% Sink 15.0

% Float 85.0

Ratio of Concentration 6.67 to 1

% Recovery 95.3 %

This result cannot be taken as the overall recovery

because the slimes (=200 mesh) have not been taken into con-



sideration. The one important thing shown conclusively by
the assays is that the gold is in no way associated with the
graphite. -

BRIQUETT ING

The purpose of the briquet is to hold the mineral
particles firmly in place so they can be polished for examin;
ation under the microscope. It was aimed to meke a cylinder
of twelve cubic centimeters and 5/8 inches long, so that it
would fit into the holders of the polishing machine at the
School of Mines. The one and one-half grams of sink product
(sp. gr. approximately 5.0) is mixed with an equal volume of
-200 mesh bakelite (sp. gr. 1.27). This small portion is
placed in the mold; under 15000 pounds pressure, a small cyl-
inder 1/4 inch thick, is formeds. This now solid cylinder is
placed in the bottom of the larger mold and l1l4.24 grams of
bakelite, the amount necessary to make a 12 cc briguet, is add-
ed. The mold, being electrically heated is brought to 130° ¢,
and 10,000 pounds pressure is applied for ten minutes. The
electricity is turned off, and the mold allowed to cool ten
minutes at no change in pressure.

The briquet, after removing from the mold, is ground
on an emery wheel to remove sharp edges and then given a pre-
liminary grind on a glass plate with ten micron carborundum,

After the face has been brought to the proper fin-

ish in the polishing machine, the minerals are examined at 100 X



identified were:

under a Bausch & Lomb metallurgical microscope. The minersls

Pyrite - - pale yellow in color under re-
flected light, dark speckled
under oblique light, isotropic,
sharp outline, covers only a
small proportion of the field.

Hematite - gray under reflected light, red
under oblique light, rough out=-
line, covers large percentage of
the field.

Quartz - - gray under reflected light, pale
green in polarized light, isotropic.

Limonite - gray under reflected light, yellow
under oblique light, interlocked
with quartz.

Gold - - - -yellow, easily scratched by needle,

isotropic, KCN etches black.

Metallic Iron Gelena-white, cannot be scratch-

ed by a needle,

Chalcopyrite a distinctive yellow, cannot be

scratched by a needle.

Bornite - - -a distinctive pink, cannot be

scratched by a needle.

Garnet - - - red, distinctive crystal form.

There were other minerals present in the field, but

in such small amounts that they were not identified. Micro-

" chemical tests were made for arsenic, antimony, lead, and

copper; but no positive results were obtained, although chem=-

ical analysis showed they were present. An etch reaction

test was performed to identify the gold.
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GRINDING

All indications, from microscopic examination

and amalgemation tests, seemed to indicate complete liber-
ation of the sulfides at minus 65 mesh. The ore was crush-
ed by rolls to minus 20 mesh and then ground to the required
fineness in either iron-ball, or pebble mills,; iron contam-
ination not being considered a vital factor. Stage grinding,
in the manner prescribed consists of grinding for one minute
to polish the particles already fine enough, then screening
out the minus size and grinding for ten minutes before again

screening, the process being continued until comminution is

completed. The ore was fairly easy to grind.

WATER SUPPLY

The availability of a suitable water supply is of
primary consideration in milling. All natural waters contain
dissolved minerals, and a discrepancy may arise in laboratory
testing versus plant practice in connection with the water
used in grinding and flotation.

The proper procedure is to introduce all the vari-
ables by using; first, distilled water in both grinding and

flotation; second, tap water; and third, water from the mill

site. As the source at the mill site is a clear mountain



ey

stream, it was thought that tap water would closely approx-

imate it, the grind water being saved for use in the cell,
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AMALGAMATION

In an oxidized gold ore, some or all of the values
occur free. In order to detemine the percentage that can
be removed by amalgemation, a 1000 gram portion was ground
to minus 48 mesh, and one-half of it placed in a small jar
mill, After an equal weight of water and 50 graems of mer-
cury were added, the mill was placed on rolls for one hour.
The mercury was then panned off, the tails sized by wet screen-
ing, and the products dried and sacked for assaying. The re-
maining one-half of the material was sized dry in the Ro-tap
machine and served for a screen sizing assay test on the heads.

Fire assaying of the products gave the following

results:
HEADS
SCREEN SIZE WI. WT.% ASSAY WI. AVERAGE % OF TOTAL
(Mesh) in grams Retained oz Au/ton (Au)
-48 "'65 14.7 500 0087 000261 3.55
-56 +100 56.0 1139 0.84 0.0966 1342
-100 + 150 76,7 1O T 0.82 0.1285 17.52
-150 + 200 99.0 2043 0.62 0.1255 17:19
-200 242:5 49,5 0«78 0.356 48,60
TOTAL 488,.9 100,00 27387 100,00
LAI1ILS
SCHREEN SIZE Wl W's % ASSAY WT+ AVERAGE % OF TOTAL
(Mesh) in grams Retained oz Au/ton (Au)
B o 39 gr. 8.02 . 50 .0241 8.14
1oo+ 153 90 18,51 «30 L0557 168.82
'150 *200 99 20,34 0.22 .0448 15.14
'200 + 78 16,03 0.28 .0449 15.2
& 180 37.10 0.3 «126 42,7

TOT AL 486 100.00 « 2955 100.00



wd &

These tests show conclusively that care should
be taken to avoid overgrinding as the besf recovery was
obtained above 150 meshe The recovery by this process
is about 0.733 =~ 0,296 = 0.437 = 59,8 % Due to the

0.733 0.733
difficulty in getting check results vwhen assaying an ox-

ide ore with relatively coarse particles of free gold,
the recovery cen be considered only a close approximation
of what would be expected in practice.

The best results cannot be expected with plates
because of the tendency of the antimony in the ore to hard-
en the amalgam. Some type of patented amealgamator where
the pe rcentage of mercury to gold is greater then on the

plaetes would possibly work very well,
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HYDRAULIC CL4SSIFICATION

About fifteen pounds of minus 20 mesh were
treated in the laboratory constriction plate hydraulic
cassifier to determine its effect upon the graphite and
to show the distribution of the gold in the spigot pro-
duets. Of the five products obtained, Nos. 3, 4, and S
contained graphite, so the experiment falled to give any
method of separations The distribution of the gold is

shown by the followling table:

Spigot Prods Assay - oz Au/ton
No. 1 (coarsest) 1.30

Noes 2 0450
Nos 3 0.54
No. 4 0.54
Nos 5 (slimes) 0.90

These results seem to bear out a former state-
ment by the writer thet care should be taken to avoid over-
grindings The high assay of the slimes is undoubtedly due
to the ease of crushing of the minerels with which the gold
is associated, and their consequent appeareance in the slimes.
No tabiing tests were performed on spigot products 1, 2, 3,
end 4 because the sample had not been previously amalgemat-

ed, and the results obtained would be of little value.



TLOLATION TLSTS

To determine the emenability of the ore to flot-
ation, six tests were carried out. 4 number of possibil-
ities were open for investigation; first, the production
of a valueless concentrate containing all the graphite and
treatment of the talls by gravity methodé and cyanidation;
second, the production of a bulk concentrate containing
all theAgold in the ore; third, the depression of the graph-
ite and the flotation of the valuable minerals., Not suf-
ficieant work wes done to make any definite statement re-
garding the outcome of such investigations, but the results
of the tests and the conclusions drawn from them are given.

Actual flotation tests were carried on in the lebar-
atory wvith the use of a Denver 500 gram and a Fagergren 600
gram cells The pulp density was maintained as close as
possible to twenty-five percent solids. The reagents were
added as they should always be, in this menner; first, acti-
vetor or depressant, and conditioner followed by agitation
for a short time; second, collectors; third, frother. The
time for a test depends largely upon the judgment of the oper-
ator. After ten minutes the froth was clean and apparently

nothing more would be floated in both rougher and cleaner

operationse
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TEST NO. I

The object of this test was to try the feasability‘
of floating off the graphite and leaving behind all of the
golds The collector used was oléic acid, which has enjoyed
widespread preference over the other fatty acids because of
the universal availability, its low cost, and its being
liquid at room temperature instead of a solid. A new froth-
ing agent, Emulsol reagents, X -1, is a substance which
froths readily in amounts of 0.2 1lbs. per ton of ore, pro-
ducing a froth which is somewhet more watery than the usual
flotation froth. Experimentors have stated that it gives a
froth which is absolutely free of any of the common sulphide

or non-sulphide minersls, except graphite or talec.

FLOTATION MEMORANDUM

Grind:

Primary 20 mesh Final: Mill Steel Mesh =100 Time 1-7=7
Water: Grind; Tap Flotation; Grind & Tap
Solids; 600 Flotation cell, Fagergren

ASSAY % OF THE
PRODUCT WIe GRALS WT.% oz Au/ton WP.AVERAGE TOT AL
Graphite 54.5 9.1 1,02 .093 24,2
conect.
Tails 54,6 20.9 0.32 « 291 75.8

TOTAL 60045 100.0 « 584 100.0
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Reagents Pounds per ton
Conde. Rougher Concte. Cleaner Conct.
stO4 0.2
Oleic Acid 0.02
X -1 O.2
Time, minutes 3 10 0
PH = 7.4

As the graphite obtained assayed 1.02 ounces of

gold per ton, the test was not considered a success. llega-

scopic examination of the concentrates on a vanning plaque

revealed much limonite and hemotite but no sulphides.



TLEST Nos. &

Two reagents recommended by the American'Cyanwnid_
Company, Reagents 301 and 208 were tried in conjunction with
those used in Test le The graphite concentrates were re-
moved first and the rougher comcentrate in a separate oper-
ation. Reagent 301 in a Xanthate of a higher petroleum
alcohol and is a strong collector for all sulphide minerals.
K AX (poteassium amyl xeanthate) like ell xanthates, is a
good collector for all sulphide minerals. Aerofloat 208 1s
& non-frothing collector which finds its greatest applic-
ation in the flotation of metallic gold, silver, and copper.

According to Gaudin in his "Flotation™ the addition
of sulphuric acid is beneficial as it removed inhibiting
coatings from the surface of pyrites This mineral gives max-
imum recovery if floated in a slightly acid circuit. The
pH of the pulp was very hard to regulate and led to the belief
that lime was present in the sample, The ratio of concentra-
tion was calculated on the basis of the relative weights of
the cleaner concentrates and combined products. This does
not have much meaning except that it gives an idea of the
relative amount to be shipped to the smelter. An assay of
0.8 ounce of gold per ton of ore on the heads was used as the

basis for calculating the percent recovery.
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FLOTATION MEMORANDUM

Grind:

Primary__20 mesh Final: MillSteelMesh_=100Time 1-7-7
Water: Grind; Tap Flotation; Grind & Tap
Solids: 600 Flotation cell,__ Fagergren

ASSAY % of the

PRODUCT W's GRAMS Wr.% oz Au/ton WI.AVERAGE TOT AL
Cleaner 19 Sed 1.60 0.054 15.4

conct.
Midds 66 11.8 0.52 0.064 18:8
Tails 457 8l.4 0.22 0.179 50.5
Graphite 19 3. 4 1.64 0.056 15.9

concte. A

561 100.0 0,353 100,00
Reagents Pounds per ton
Graphic Rougher Cleaner
Cond. Conct. Conct. Conct.
HZSO4 0.2
Oleic Acid - 062
X -1 0.2
301 0.05
208 0.05
KAX 0.10
Time, minutes 5] 10 10 10
PH = 7.8

The flotation results of this test were not very

good as most of the gold was saved by amalgamation.

Percent Recovery = 76.7% Ratio of Conet. = 14.3 to 1
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TEST NO, 3

A bulk concentrate was produced without the use
of oleic acid and X-1l. The recovery obtained closely
approximated that of Test No., 2, the graphite floating
readily with the sulphides.

FLOTATTION MEMORANDUM

Grind:

Primary_20 mesh _Final: MillSteellesh-100 Time_l=7-7
Water: Grind: Tap Flotation; Grind & Tap
Solids; 600 Flotation cell; Dehver

ASSAY % of the
PRODUCT WT . GRAMS WI'.% o2 Au/ton WI'.AVERAGE TOTAL
Cleaner
conct. 14,7 2.52 3.48 0.0877 23.65
Midds o927 5.6 0.80 0.0448 12,05
Tails 9347 91,88 0.26 0.2380 6443
584,4 100.00 0.3705 100.00
Reagents Pounds per ton
Cond., Rougher Conct. Cleaner Conct.
H2804 0.2
301 0.05
208 0.05
KAX 0.10
Pine 0il 1l drop
Time, minutes 3 10 10

PH = 7,6
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Percent Recovery:

Amalgemation 0.43 = 53.8 %
0.80
Cleaner Conct. 0877 = 10.96 %
0.80  _
Middlings .0448 - 5.6
0.80 6936 %

Ratio of Concentration

5844 : 14.7 as 39.7 : 1
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TEST NO. 4

The object of this test was to observe the effects

of starch, which was used as a depressant, and of a lowered

pHe.
FLOTATION MEMQRANDUM
Grind:

Primary 20 mesh Final: MillPebbleMesh -100 Timel-10-10-10
Water: Grind: Tap Flotation Tap & Grind
Solids: 500 Flotation cell; Denver

ASSAY : % of the
PRODUCT WP.GRAMS WP, % oz Au/ton WP.AVERAGE TOTAL
Cleaner
concte 1247 3619 4,52 «1442 3767
Midds S0+8 746 0.68 2 051LY 1335
Tails 55D 0 89.11 0.22 «1870 48.8
TOT AL 398.1 100.0 ¢+ 3829 100,0
Reagents Pounds per ton
Cond. Rougher Conct. Cleaner Concte
H2804 1.38
Starch 0.5
208 0.05
301 0,05
KAX 0,10
Pine 0il 1l drop
Time, minutes S 10 10

PH = 6.9



Y

Percent Recovery: . Ratio of Conc.
42 = 52,5 12.7 = 31.3 to 1
80 398, 2
2144 18,0
80
.052 6.5

.80 77.0 %

The cleaner concentrates were noticeably free from
slimes but contained considerable graphite. The depression
of the grephite was noticeable buy by no means complete. The

depression of the graphite did not lower the recovery, and

the reduced pH did not seem to increase it. The introduction
of two vaeriables into one tcst is not good practice, butb

they had no effect in this case.
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TEST NO. S

The use of this set of reagents was suggested by

R, I, 3328, U, S. Bureau of lMines, Investigation No, 5.

Experiments by the U, S. Bureau of Mines were conducted

on a similar ore, and very good results obtained.

ore was ground to minus 65 mesh.

FLOTATION MEMORANDUM

Grind:

The

Primary 20 meslFfinal: Mill Pebble Mesh =100 Timel-10-10

Water: Grind: Tap Flotation Tap & Grind
Solids: 600 Flotation cell: Fagergren
ASSAY % of the
PRODUCT WF.GRAMS  WT.% oz Au/ton WP.AVERAGE TOTAL
Cleaner
conct. 34.7 6.28 2.76 «1735 45,9
Midds 46,6 8.47 0.40 .0339 8.66
Tails 471.,0 85.25 0.20 +17% 45,44
TOTAL ©552.3 « 5784 100.00
Reagents Pounds per ton
Cond, Rougher Conct. Cleaner Conct,
HZSO4 168
Starch Soda 0,54
Aero float 0.20 .
KAX .05
Cresylic Acid 0.20
Time, minutes 5 10 10
v PH = 7.6



Percent Recovery: . Ratio of Conct.
ié% = 5245 552.3 : 34,9 as 15.9 : 1
el = o1l K
.80
.04 = 5,0
.80 78.8 %

The graphite was not noticeably depressed, and the

recovery the same as in the preceding tests.



TEST NO. 6

The same reagents were used as in Test No. 2 with
the exception of reagent 639, which is a special depressant
for graphite developed by the American Cyanamid Company.
Sufficient sulphuric acid was added to bring the pH down to
6.9. The grind was to minus 65 mesh, |

FLOT AT ION MELMORANDUM

Grind: :
Primary 20 mesh Final: MillPebble Mesh =65 Time 1-10-10
Water: Grind: Tap Flotation Tap & Grind
Solids: 600 Flotation cell: Fagerzren
ASSAY % of the
PRODUCT WI.GRAMS _WP. % oz Au/ton WI.AVERAGE TOPAL
Cleaner
concte 18 gr. 3039 4,52 «1531 42.2
Midds 18,8 grs 3.51 «66 <0232 6.4
Tails 492.,0 93,1 + 20 «186 5l.4
TOTAL « 3623 100,0
Reagents Pounds per ton
Cond. Rougher Conct. Cleaner Conct.
Hgsoé 24
639 0.4
301 0.05
208 0.05
K AX 0.10
Time, minutes 5 10 10

PH = 6.9
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Percent Recovery:

Amalgamation .44 - 55,
.80 -
Flat. C. Conc 153 < 19.1
«80
Flot. Medds 023 = 2.9
.80 77.0

Ratio of Concentration:

58848 3 18 as £9.:3 : .1

There was a noticeable depression of the graphite.
The cleaner concentrates were almost free of slimes and
contained only about 5 per cent graphite. These concentrates

were very high grade, and the recovery was high.
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FLOAT AND SINK OF TAILS

By heavy liquid separation on the tails of flotation

test No. 2, the results tabulated below were obtained:

Screen Size Test

Size-lesh We. Weight 0/0
=100 + 150 75 grams 17.25
-100 ¢ 200 54.7 " 12.55
-200 005:3 " 70.2
435,0 " 100.00

-100 ¢ 150

Product Assa Wit Wte % Wt, Average
0z Au/ton
Sink 1.00 4.3 10.8 .108
Float 0.06 35.4 89.2 .054
39.7 100.0 162

Assay 0.162 oz Au/ton of ore
~-150 + 200

Product Assa Wee Wb, % Wt. Average
oz Au/ton Grams
Sink 1.10 4.6 11.9 «131
Float .03 S.4 88.1 . 026
8.6 100.0 «157

Assay 0.157 oz. Au/bon of ore
These results show that the values left in the coarser
sizes are contained in the heavier minerals and can be saved
by gravity concentration. The large proportion of slimes,
which would not be present in plant practice, would have to be
treated on slime tables or by cyanidation. The assay on the
tails before sizing was 0.22 ounces of Au per ton of ore, and

by inspection it can be seen bhat the slimes would assay higher



than calculated assays of the two sizes.
Microscopic examination of the sink did not show
eny sulphides. Quartz, lemonite, hemotite, garnet graphite,

and a number of unidentified minerals were present.
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CONCLUSIONS

Laboratory flotation testing is an emperical art
rather than a science, while manipulative procedures may
be standardized, it is difficult for the beginner to ob-
tain good results. None of the results obtained in flo-
tation tests should be taken as conclusive until further
testing work has been done. It is entirely possible that
a high recovery can be obtained by amalgamation and flot-
ation alone but time did not permit the writer to reach
such resultse.

A definite conclusion that the grsphite is in no
way associated with the gold can be reached. The graphite
free tails of test No., 1 and Noe. 2 indicated that cyan=
idation could be gpplied successfully if ample cell cap=-
acity is used.

In the deslimed material, a high recovery can be
made by gravity concentration. This is shown by the assays
of products of the float and sink tests. The discovery
of several "cyanicides" showed the reason for high cyanide
consumption.

While not many positive results were reached, the
real value lies in the fact that this work gives the student

practice in tackling any kind of a problem.
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