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ORE DRESSING AND METALLURGICAL DIVISION
I

GENERAL REVIEW OF INVESTIGATIONS
W. B. Timm
Chlief of Division

The Ore Dressing and Metallurgical Division conducted, during the
calendar year 1921, a considerable number of investigagtions involving
- extensive experimental and research work on Canadian ores and metal-
lurgical products. Some of these investigations were completed and
reported upon, and on others the work is being carried into 1922,

An idea of the extent and scope of the work of the testing and research
laboratories can be obtained from a review of the list of ores and metal-
lurgical products received for experimental purposes, which is given in
‘tabular form following, under their respective test numbers. These may
also be classified under the following investigations:—

1. THE LOW-GRADE COPPER ORES OF HIDDEN CREEK, ANYOX, B.C.

This investigation is described under test No. 140 of the Ore Dressing
and Metallurgical Laboratories, and consisted of a series of flotation
“tests on a small scale, using the laboratory type apparatus, and also of
larger tests, using the commercial size machinery. Various reagents
were used, such as the Rex flotation reagents, oils, with and without other
reagents, and the Alphabetical reagents. The larger scale tests were
conducted on both the mechanical agitation and pneumatic types of
flotation machines. A few of the larger scale tests remain to be conducted,
- bub the results of the work to date show that the ore is amenable to con-
centration by flotation. A high recovery of the copper values was obtained
in a good grade of concentrate.

2, THE FLIN FLON COMPLEX SULPHIDE ORE

This investigation is described fully under test No. 142 of the Ore
" Dressing and Metallurgical Laboratories, and consisted of a large number
of flotation tests, using the laboratory type apparatus on the differential
flotation of the minerals in thigs ore. 'The Flin Flon ore-body consists
of three distinct mineralized zones—the hanging wall zone of disseminated
ore, the centre zone of practically solid sulphides of iron, copper and zing,
and a footwall zone. This investigation covers the experimenfal and
research work on the centre sulphide ore, and the object was to determine
if the minerals could be separated into products suitable for reduction,
or metallurgical treatment, into the metallic state. The shipments received
consisted of drill cores erushed to about one-half inch size, from the explor-
ation work on this property.

49130—13
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A microscopic examination of some of the larger pieces showed an
intimate mixture of the three sulphides, with very little gangue mineral.
Grinding to 200 mesh freed the greater part of the mineral constituents,
and it was at this mesh that the most of the test work was conducted.
The results of the test work showed that by differential flotation a copper
concentrate, a zinc concentrate, and an iron tailing can be produced,
but whether this can be accomplished on a large scale in practice has
yet to be proven. It was also shown that the precious metal values in
the ore are evenly distributed in all the sulphides, and that only 40 per cent
of these values report in the copper concentrate. Besides the microscopic
examinations made by the Mines Branch, examinations were made by
Professor Wandke of Cambridge University, on the ore and concentration
products, and his findings are given in the description of the test work
under test No. 142.

3. THE CONCENTRATION OF GRAPHITE FROM THE NORTH AMERICAN MINE

This investigation is described fully under tést No. 143 of the Ore
Dressing and Metallurgical Laboratories, and consisted of a number of
experimental tests, run under different conditions and various methods
of procedure, to determine which would be the most desirable and practical
for the recovery of the greatest proportion of large flake of a commercial
grade, consistent with a high recovery of the graphite in the ore. A
method of concentration was proven, in which these points were deter-
mined, adaptable to this particular ore.

4, THE CONCENTRATiON AND SEPARATION OF THE MINERALS IN THE LEAD-ZINC- -
SILVER ORES OF KIMBERLEY, B.C.

This investigation is described under tests Nos. 144 and 145 of the Ore
Dressing and Metallurgical Laboratories, and consists of the experimental
work on two shipments of ore—one that is known as carbonate ore, and the
other as sulphide ore. These ores are typical of the district, the carbonate
ore being found in the upper portions of the ore-body, and the sulphide
ore at greater depth. The carbonate ore consisted chiefly of lead car-
bonate, coated and locked up in a mass of iron oxides, formed by the oxida-~
tion of the iron sulphides. The sulphide ore was an intimate mixture of
lead, zine, and iron sulphides, the gangue minerals representing less than
10 per cent of the ore. -On the carbonate ore experimental test work
was conducted by sulphidizing previous to flotation and table concentra-
tion of the flotation tailing, and also by table concentration followed by
sulphidizing and flotation of the table tailing. Volatilization tests were
also conducted to determine whether the ore was amenable to this process.

By these methods a recovery of between 70 per cent and 80 per cent
of the lead values, and 40 per cent of the silver values, is obtained.

On the sulphide ore, a series of tests were conducted, using various
flotation reagents, to obtain a differential flotation of the lead, zine, and
-iron sulphides. - A lead concentrate was first obtained, and by changing
conditions of the pulp, a-zinc concentrate was next obtained, leaving a
tailing of iron sulphides and gangue mineral. The lead and zinc products
were of commercial grade, with good recoveries of the metals in these
products. : .
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5. SOME COMPARATIVE TESTS ON THE COBALT SILVER SAND TAILINGS

In continuation of some extensive experiments made in 1917 on the
use of Canadian wood oils for the concentration of the values in the’
Cobalt slime tailing, a few experiments were conducted on the use of the
Rex, Alphabetical and other reagents, on a shipment of sand tailing from
one of the Cobalt mines. The results of this work are described under
test No. 146 of the Ore Dressing and Metallurgical Laboratories.

6. THE MILLING OF ASBESTOS ROCK

This investigation is described under tests Nos. 147, 149, and 152 of
the Ore Dressing and Metallurgical Laboratories, and consisted of a number
of milling tests on the “slip fibre” variety of asbestos rock from the Boston
mine, Bast Broughton, Que., and on the “cross fibre”” variety from Black
Lake, Que. Theinvestigations carried on during the calendar year were
confined to the use of the conical ball mill for the crushing of the rock
and liberation of the fibre. The use of Cyclone and Jumbo fiberizers
in the present practice in the asbestos districts is found to be costly as
t0 power consumption, maintenance, and repair. The violent action in
these machines as operated for the crushing of the rock and liberation
of the fibre is found to be more or less destructive of the long fibre. It
was found that the conical ball mill, operated under favourable con-
ditions and equipped with suction take-off for the removal of the fibre
when liberated, could be used in the milling of the rock, giving very satis-
factory results. In conducting these milling tests, other points of interest
were brought out, which are noted in the description of the investigations.

As one of the chief items of cost in the milling of asbestos rock is that
of drying the ore for the present practice, and as this cost is increased
greatly during the winter and spring seasons, it is the intention to continue

‘the investigations on the wet grinding of the rock. If the dry milling

practice could be dispensed with, and a wet process evolved to treat the
rock successfully, it would eliminate the dust, resulting in much more
pleasant conditions for the workmen and for the inhabitants of the districts
in the vicinity of the mills.

7. THE CONCENTRATION OF THE LOWER GRADE COPPER-NICKEL ORES

This investigation is deseribed under tests Nos. 148, 155, and 160 of
the Ore Dressing and Metallurgical Laboratories, and consists of a number
of table concentration and flotation tests for the elimination of the gangue
and the concentration of the copper-nickel minerals in a higher grade
product for further metallurgical treatment. In the case of the experi-
mental work conducted under test No. 148, it was desired that the gangue
minerals be eliminated and the metallic minerals of copper, nickel, and iron
concentrated into a product suitable for the refining process of the Burrows
Refining Co., who are conducting investigations on the manufacture of
certain alloy steels. In the case of the experimental work conducted under
test Nos. 155 and 160, the test work was confined to the flotation of the
lower grade ores to produce a high-grade copper-nickel product with a high
recovery of these values. It was found that the ores are amenable to
concentration by flotation, and a copper-nickel product can be obtained.
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with a base metal value the equivalent of the blast furnace matte, and
with a good recovery of the copper-nickel values in the ores. In con-
nection with the investigation, a point which has not been proven is
whether the precious metal values are contained in the concentrate or

the tailing, and further work is being conducted to determine where these
values report.

8. THE CONCENTRATION OF GARNET FROM ITS ROCK

This investigation is described in detail under tests Nos. 150 and 158
of the Ore Dressing and Metallurgical Laboratories, and consists of experi-
mental work on samples from the vicinity of Bancroft, Ont., and from
Depot Harbour, Ont., for the determination of garnet content, percentage
of recoverable garnet, and methods of concentration and separation of
the garnet from the gangue. In the case of the deposits at Depot Harbour,
considerable attention was given to the work on the samples, which were
taken systematically, and represented a large deposit situated favourably
from a shipping standpoint for the disposal of the concentration products,
and on account of the high percentage of recoverable garnet. It was
found that the garnet could be concentrated and separated from the
gangue, and recovered in marketable products, suitable for the trade, with
high recoveries of the garnet content in the rock. Methods for its recovery
were worked out, with a possible saving of certain mica products as
8 by-product from the operations.

9. THE RECOVERY OF BRASS FROM FOUNDRY REFUSE

The experimental work on this investigation is described under test
No. 151 of the Ore Dressing and Metallurgical Laboratories, and consists
of tests made for the concentration and separation of the brass from the
slag, sweepings, and other refuse collected around brass foundries. It
was found that it would be possible for many of the brass foundries to
install a small unit, consisting of a ball mill, classifier, and table, to recover
the brass from their refuse, and use the concentrated product in subsequent
remelts.

Lot

10. THE METALLURGICAL TREATMENT OF THE GOLD ORES FROM THE RICE LAKE
DISTRICT, MANITOBA

The experimental work on this investigation is described under tests
Nos. 141 and 153 of the Ore Dressing and Metallurgical Laboratories.
It consists of a series of tests to determine methods applicable to this
particular type of gold ore, which contains copper minerals. It was found
that the ore could be treated for the recovery of gold, with a high extraction
of the precious metals, and also for the recovery of the copper, as a by-
product of the milling operations. This report, with previous investi-
gations on the ore from Little Rice lake, which is described under test
No. 135 of the Summary Report for 1920, constitutes the experimental
test work undertaken by the Department on the gold ores from the south-
eastern section of Manitoba. The Report of the Ore Dressing and Metal-
lurgical Laboratories, test No. 132, describes the experimental-test work
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on the gold ore from the Herb Lake district, in the northwestern section
of the province. The ore from this distriet contains chalecopyrite, arseno-
pyrite, pyrite, sphalerite, -and galena, and in this respect is somewhat .
different from the ordinary gold ores and requries a different method of
treatment. It wagfound that the ore was amenable to treatment, deseribed
under test No. 132 in the Summary Report for 1920.

11, CONCENTRATION TESTS ON SOME MOLYBDEI\ﬁTE ORES

The concentration of the molybenite ores of Canada has been fairly
well covered by the experimental work carried on in the Ore Dressing and
Metallurgical Laboratories during the war years, when there was a brisk
demand for the metal for the manufacture of tool-steel and for other
munition purposes. Since that time the industry has been more or less
dormant, the production in Canada falling off to practically nothing.
Interest during the year has been revived somewhat, due to the research
condueted to find new uses for industrial purposes. It has been deter- -
mined that the use of fractional percentages of the metal, that is, quantities
up to one per cent, is beneficial to most steels. With a revival of the steel
industry it is logical to assume that there will be a revival of the molyb-
denite industry of Canada. The experimental work eondueted during
the year was on ores representing two of the most promising deposits in
Ontario and Quebee, and it was found that these ores were amenable to
concentration, with a high recovery of the molybdenite values in a high
grade concentrate. The test work is deseribed under tests Nos. 154 and
157 of the Ore Dressing and Metallurgical Laboratories.

12, THE RECOVERY OF THE VALUES IN A SILVER LEAD ORE FROM ARROWHEAD, B.C.

The experimental work on this ore is deseribed under test No. 156
of the Ore Dressing and Metallurgical Laboratories. The ore is a lead
carbonate carrying silver values. During the year some concentration
tests were made by tabling and flotation. Further work is being con-
ducted and it will be reported on during the new year.

13. THE CONCENTRATION OF THE RADIO-ACTIVE MINERAL LUXENITE

The occurrence of this mineral in the feldspar quarry of lot 13,
concession V, of the township of South Sherbrooke, county of Lanark,
in the province of Ontario, has been reported on by Miller and Knight,
who visited the property in June, 1917. The report was published in the
American Journal of Science, Volume XLIV, September, 1917, and con-
- tains a deseription of the occurrence as seen at that date. The mineral
was identified as euxenite by the Imperial Institute, London, Englind,
who made the analysis which ig given in the report. In the operation of
the quarry since-that date more of the mineral has been exposed, and
ghipments have been made to the Department for experimental work on
the concentration of the mineral from the feldspar. It was found that
due to its specific gravity, being almost 5, and that of feldspar between
2-5 and 2.75, there was no particular difficulty in making a separation
of the minerals. The experimental work is deseribed under test No. 159
of the Ore Dressing and Metallurgical Laboratories.
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14, THE USES OF FLOTATION REAGENTS MANUFACTURED IN CANADA

_ During 1917, the Division of Ore Dressing and Metallurgy, in co-opera-
tion with the Forest Products Laboratories of Canada, Forestry Branch, .
Montreal, started an investigation on the use of Canadian wood oils for
ore ﬂotatlon Thisinvestigation was undertaken at the request of the Cobalt
mining interests, and was chiefly confined to the cobalt-silver ores. At that
particular time some difficulty was being experienced by the mining
companies using the flotation process for the recovery of valuable minerals
in their ores, in obtaining an adequate supply of imported pine oil. The
investigation followed along two lines, namely, the production in Canada
of a satisfactory grade of pine oil in sufficient quantities from Canadian
resinous wood waste, or the possibility of finding a substitute for pine oil.
The investigation showed that it was impossible to produce at a profit a
satisfactory grade of pine oil, on account of the low yield from Canadian
resinous wood waste, so that this line of investigation was eliminated, and
attention paid to finding a substitute. The most likely substitute was the
hardwood oils obtained from the destructive distillation of Canadian hard-
woods, which could be produced as a by-product. It was found that as
-far as the Cobalt ores are concerned, after numerous experiments on &
small scale in the Ore Dressing and Metallurgical Laboratories, and on a
large scale of several days run in one of the Cobalt mills, that results
equally good as those obtained by the use of pine oil could be obtained.
This investigation was discontinued on account of more important
work in connection with the war minerals, but is now being continued on
other ores where flotation is used to recover the valuable minerals. The
investigation will not be confined to the hardwood oils, or the distillation
products from hardwoods, but will cover the use of the mineral oils and
other reagents manufactured in Canada, or which eould be produced at a
. profit. A questionpaire has been submitted to the mining companies
asking for their co-operation in stimulating the use of Canadian-made
products, and for data with respect to the quantity of oils and reagents
used, costs, etc. As soon as this information is collected, and samples of
the various flotation feeds are obtained, the experimental work will be
conducted, to determine if Canadian products cannot be substltuted in
many cases for those imported. .

15. THE RECOVERY OF THE METALS OF THE PLATINUM GROUP FROM PLACER
CONCENTRATES

An investigation was commenced in 1919, on the recovery of the
platinum group metals from placer econcentrates, but due to the limited
supply of material submitted for test purposes, and the small quantity of
these metals in the sample, little progress was made. The test work
conducted was described in the Summary Report for 1919, under test
No. 109 of the Ore Dressing and Metallurgical Laboratories. A larger
sample has been received, and the investigation is being continued.

Some experimental work was conducted by making fusion tests on the
placer concentrates, by fluxing them with limestone, silica, and charcoal,
and adding sufficient galena to the charge to collect the precious metals
in a lead button. The results.of the work are given under the report of
the work of the Chemical Laboratories of the division.
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11

LIST OF ORES AND METALLURGICAL PRODUCTS ON WHICH
EXPERIMENTAL TEST AND RESEARCH WORK
WAS CONDUCTED

In the following table is given a list of the ores and metallurgical
products received, with the test number, class of ore or metallurgical
product, source of shipment, shipper, and weight of shipment, on which
experimental test and research work was conducted.

Ore, or Source of Weight
Test | metallurgical ghipment Shipper and address of
-No. product gshipment
Tos. -
140 |Copper......... Hidden creek, No. 2{Granby Consolidated Mining, Smelt- 50,660
mine, iﬁ]go& Power Co., Ltd., Anyox,
141 |Gold........... Rice Lake, Manitoba.|Pan Extension Gold Mines, Ltd., 10
Winnipeg, Man.
142 |Copper......... Flin Flon mine, Mani-{Mining Corporation of Canada, Ltd., 250
toba. ‘Toronto, Ont.
143 |Graphite....... North American mine,|H. P. H. Brumell, Buckingham, 50
Buckingham, Que. Que.
144 |Lead-silver..... North Star mine, |Thompson & McKinney, Kimberley, 370
Kimberley, B.C. B.C.
145 |Lead-zinc-silver|North Star mine, [Thompson & McKinney, Kimberley, 350
Kimberley, B.C. B.C. '
146 |Silver.......... C%nifatgag 1;mine, Co-|Coniagas Mines, Litd., Cobalt, Ont. . 2,000
alt, Ont,
147 |[Asbestos....... Boston mine, Asbestos Mines, Limited, Montreal, 500
E. Broughton, Que. | Que.
148 {Copper-nickel... St}r)athco(x)mtmine, Sud- Blgrows Refining Co., Ltd., Ottawa, 48,000
ury, Ont. nt.
149 |Asbestos........ Boston mine, Asbestos Mines, Limited, Montreal,} -~ 26,000 .
E. Broughton, Que. { Que. .
150 |Garnet......... Lot 7, con. XI, Fara-|Robt. A. Bryce, Toronto, Ont....... 100
X day tp., Hastings
Co., Ont.
150 |Garnet......... Lots 29, 30, 31 and 32,|Robt. A. Bryce, Toronto, Ont....... 100
con. X1V, XV, Ash-
by tp., Lennox and
Addington co., Ont.
151 [Brass foundry |Ontario Specialties, [Ontario Specialties, Ltd., Ottawa, 16,520
refuse. Litd., Ottawa, Ont. | Ont.
152 |[Asbestos........ Black Lake, Que...... Black Lake Asbestos & Chrome Co., 20,000
Black lake, Que.
153 |Gold........... Rice Lake, Man....... Pan Extension Gold Mines, Ltd., 2,000
. Winnipeg, Man.
154 [Molybdenite....|Lots 3 and 4, con. XX,|W. I. Joiner, Toronto, Ont.......... 800
Cardiff tp., Halibur-
. i(:gmtco., Wilberforee,
nt.
155 |Copper-nickel...|No. 3 mine (Frood)... Intell:nf?tion?l Nickel Co., Copper 100
iff, Ont.
156 |Silver-lead...... Arrowhead, B.C......|Mansfield Mining Co., Mansfield, 220
. Washington, U.S.A. R
157 {Molybdenite....|Lots 53 and 564, range|John Bain, Ottawa, Ont............. 100
X, Magham tp,, Ot-| .
tawa co., Indian
lake, Masham, Que.
168 [Garnet.........Depot Harbour, Ont. .|Robt. A. Bryce, Toronto, Ont....... 13,500
159 |Buzenite........|S. Sherbrooke tp., |Orser-Kraft Feldspar, Ltd., Perth, 1,600
: Maberley, Ont. Ont.
160 |Copper-nickel.,.[Murray mine, Nickel-[British America Nickel Corpora-| -

ton, Ont.

tion, Nickelton, Ont.

200
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A description of the experimental test and research work conducted
is given under the heading of the investigation, with the corresponding
test numbers, as a sub-heading, so that the test numbers will not be in
order as denoted above, in the tabular form. In some cases an investiga-
tion will cover three test numbers.

I
REPORTS ON THE INVESTIGATIONS CONDUCTED

The reports on the investigations conducted by officers of the Division
cover a ‘wide range of metallurgical problems. The investigations were
assigned to the technical officers who, by experience, training, and know
ledge of the subJect were most fitted to carry out the particular investiga-
tion. Those investigations entailing experimental test and research work
along flotation lines were assigned to C. S, Parsons. Others, in which test
and research work on milling and other ore dressing and metallurgical
problems was required, were assigned to R. K. Carnochan, Investigations
with respect to the recovery of the precious metals, including those of the
platinum group, were assigned to H. C. Mabee. These technical officers
were assisted by R. J. Traill and B. P. Coyne in carrying out certain phases
of the work which they were specially capable of, due to their knowledge
of physical and chemical reactions. All investigations- were under the
direction of the Chief of Division, who, in consultation with the technical
officers of the division, outlined the procedure to be followed in conducting
the test and research work.

@)
THE LOW GRADE COPPER ORES OF HIDDEN CREEK, ANYOX, B.C.

R. K. Carnochan and C. S. Parsons
Test No. 140

A carload of copper ore, shipping weight 50,760 pounds, was received
at the Ore Dressing and Metallurgical Laboratones, September 4, 1920,
from the Granby Consolidated Mining, Smelting and Power Company,
Anyox, B.C. The ore was a ‘representative shipment of the lower grade
from Hidden Creek No. 2 mine, and consisted of chalcopyrlte and iron
sulphides in a greenstone gangue.

The purpose of the experimental work on this ore was to determineits
adaptability to concentration by flotation methods; to obtain some com-
parative data on the use of oils, the Rex, Alphabetical, and other flotation
reagents, and also on the use of the pneumatic and mechanical agitation
types of flotation machines.

A number of small laboratory tests had been made on similar ore by
R. E. Peterson, using certain oils and the addition of lime, giving very -
satisfactory results. The results of two of these tests are given below, as
representative when making low and high grade concentrate:—
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Test No. 918:

Amount tested: 500 grams.

Apparatus used: Janney test machine.

Reagents used: 2 pound per ton of 50 per cent mixture of coal tar
creosote and hardwood creosotes and tars; 2 pounds of lime per

ton.
. Weight | - Analysis per cent Per cent of metals in products
Product grams -
Cu. [ Te. [ S. | Insol. Cu. [ Fe. I S. l Insol.
Heads............. 500 280 25-8 19.0 34.8 | 100-0 | 100-0 | 100-0 100-0
Concentrate........ 133 7-61 36-7 37:4 8.6 88-1 38-4 52-0 6.7
Middling.......... 85 1-04 27-2 20-7 288 77 18-4 18-4 14.5
. Tailing............ 282 0:17 195 10-0 47-4 -2 43-2 296 78-8

This test indicates a copper recovery of 93-3 per cent on retreatment
of the middlings, with a concentration ratio of 354 to 1.

Test No. 916:

Amount tested: 500 grams.

Apparatus used: Janney test machine.

Reagents used: ¢ pound per ton hardwood creosotes and tars; 8
pounds per ton of lime. '

Weight Analysis per cent Per cent of metals in products
Product .| grams
Cu. [ Te. | S. | Insol. [ Cu. | Fe. 8. I Insol.
Heads.......oouet. 500 230 253 19-0 34.8 | 1000 | 100-0 | 100-0 | °100:0
Concentrate........ 69 12-66 27:0 238 17-4 78-3 14-8 17.4 7:1
Middling.......... 53 2:93 | . 24-7 18-3 27:2 13-9 10-4 10-3 8:b6
Tailing............ 378 0-23 24-8 18-0 380 7-8 74-8 72:3 84-4

This test indicates a copper recovery of 91-5 per cent on re-treatment
of the middling, with a eoncentration ratio of 6-02 to 1.

These tests show a very satisfactory separation of the copper minerals
from the iron pyrites and the gangue, and that this ore can be successfully
treated by the flotation process, by the use of oils, with the addition of
lime, yielding a good recovery and an economical ratio of concentration.




87

SMALL ScALE LABORATORY TEsTs UsiNg THE REx REAGENTS

A series of small scale tests were made on the laboratory type flotation

machines, using the Rex flotation re

given in the following table:—

agents. The results of these tests are

Heads Concen- | Middlings Tails Concen-
Test No. per cent trates per cent per cent tration Recovery

u. per cent Cu. Cu. Cu. ratio
.7 (RN 1.97 9-15 0.27 1: 56 88-6
b T e 1-97 17-30 1-15 1:20:0 44.0
20.iiiue e 197 13-62 0-58 1: 88 74-0
30ieeeiiiiiinianians 1-97 11-67 0-57 1: 7.7 75-4
Blevevinenenns Ceeenas 1.97 10-45 0-35 1: 6-1 85-4
B2iirienie e 1.97 15-80 0721 ~ 1:11-9 66:7
K S 1.97 12-30 0-43 1: 83 79-0
E7 S 1.97 14-45 0:75 1:12-6 62-9
O, 1.97 1;12 0:25 1: 6-1 87-7
T SN 1.75 14-30 1.20 1:28-8 31-9
N 1.76 10-05 0-52 1:79 73-8
49, i 1:75 17-20 0:90 1:19-6 50-7
3 S 0-90 6-76 0-40 1:15-8 53-8
(tails No.49 77-1
=totalrec’y
No. 49 &
R (! PPN hereeen 1.08 795 2:15 0-45 1:13-4 59-7
4 VO ereenas 1-08 13-00 1.50 0-15 1:19:4 84.6
02 1.08 |. 785 145 0:25 1: 91 779
D7 T 225 720 [ooienvinians 0-40 1: 3.7 87-0
T 2:25 760 [...... 0-42 1: 4.2 87:6
4. 0veiivineriinens 2:25 1063 3:10 0:70 1: 64 73:5
7 S 225 1035 2:50 0-25 1: 561 907
. SN 225 855 1.15 0-15 1: 4.0 95-0
27 T vae 2:25 13-50 2:60 0:12 1: 62 95:5
1 U TR 2 46 ig(l]g 1.28 0-31 1: 62 884
B 1. SN 2:25 19-64 2.97 0:39 1:11-4 789

‘The above tests were run under the following conditions, except
where differences are noted:— ,
Janney laboratory flotation machine used, 500 grams of Anyox ore
ground to 100 mesh, mixed in pebble mill 5 minutes, agitated in machine
5 minutes, and floated for 8 minutes.
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Differences in procedure in running tests :—

Test
No.

No mixing,.

200 mesh.

200 mesgh.

Floated 8 minutes for concentrates and 8 minutes more for middlings.

Ran two 500-gram charges, floating 15 minutes; re-ran combined concentrates, agitating
& minutes and floating 8 minutes for first concentrates and 8 minutes more for second
concentrates.,

Ore, ~—60. Floated 8 minutes for concentrates and 5 minutes more for middlings.

Ruth machine. Three charges of 1,000 grams, —60 each. Floated 5 minutes—products
mixed to form one concentrate and one tailing,

Ore, —€0. Three charges of 500 grams run—products mixed to form one concentrate
and one tailing.

500 grams tailings test No. 49, —100. Floated three minutes for concentrates and three
minutes more for middlings.

Callow n’:achine. 500 grams ore, —~10, ground 2 hours in ball mill, floated for 13
minutes,

Callow machine. §00 grams ore, —10, ground 1 hour in ball mill, floated for 12 minutes.

Callow machine. 500 grams ore, —10, ground one-half hour in ball mill, floated for 12
minutes.

No mixing, agitated 3 minutes, floated 20 minutes.

[14 143 3 [{3 20 113

200 mesh.
({4 [{3 3 “ 15 [13 200 ({4
£ & [{3 20 [{} 200 <€

Size of ore not stated, no mixing, agitated, floated for 20 minutes.

Size of ore not stated, no mixing, agitated 3 minutes, floated for 15 minutes.

No mixing, agitated 3 minutes, floated 5 minutes for 1st concentrate, then floated for
ml'l(%(lilf'r concentrate. Rougher concentrate re-cleaned giving 2nd concentrate and
middling. . . :

Ore 250 mesh, mixed for 15 minutes, times of agitating and floating not stated, rougher
concentrate made and this re-cleaned, giving concentrate and middling. ’




Small Scale Laboratory Tests.

Reagents
added to ball Reagents added to
Heaps CHNCENTRATE Mmpuxe TALING %otal mill machines

, xtn.

Test 75% sI 2 2| |sE 2
Charge| Anal.| Mesh| Wt. | Anal.| Recvy.] Wt. | Anal.| % of | Wt. | Anal.| Loss | reevy. | o 8 Q |E=|o 8 Ql.-| . 1% 188
grams | % Cu| * {gms.|%Cu| % gms. |% Cu.|Metall gms. |% Cu.l % | mids. [Elz| o 32 E|IRE ™| 2 =205 ¥

- Alat z (z<|3lE)z| K | & [0S0 8
11 990| 2-20{ —100| 278| 7-15 91-1 121 0-91} 5-17f 591} 0-14f 3-80f{........ 0l 0 0l N |o|Ofol1-0....[..
15 1,000 2-20| —100] 197 9-26] 81-4 105 2-31| 10-8 6981 0-25{ 7-80f........ A1 .0 N[ 0-5{....]..
14 1,000 2-20| —100] 120 13-5| 734 160 2-8 | 20-3 718 0-14} 6-30 87-6 If..}....{ N [..].- 0-5}....]..
12 992 2.22| —100| 249| 8-13 91-0 125 1-13| 5-10f 618] 0-10{ 2-80........ 2.0 N 1e0]. ..
16 1,000 2-25 —100 87| 21-5| 83-4 68| 3-08| 9-06f 855{ 0-20| 7-60{........ 4)..|....0 A L. ]....] 0-5].... ..
17 1,000 2-20( —100] 104| 19-4] 87.7 59 2-40| 6-10 8371 0-17| 6-2 |........ 4.1 .0 Aol ..
19 1,000 2-20] —100 212 8.8 85-0 84 2-56| 9.4 708; 0-18| 56 [........|. 4....1 A [..[..]..] 1-0]....1..
20 1,000{ 2-20{ —100 85| 20-8 81-0 69| 3-44| 10-9 849| 0-22[ 8-2|........ 1......] N} 3|..}..] 1-0]....]..
21 1,000 2-67] —100 42| 15.78 24-8 104 3-45| 18-1| 816] 1-88 57-1 |........ 4.0 AL .| 1-0|..
22 1,000f 3-0 | —100 46] 14-211  21-6 100[ 9-72| 32-0| 854 1-65 46-4 |........ i..l.... N[|..]..]..]....] 1.0]..
24 1,000f 2-6 | —100. 92 7.92| 27.9 207t 2-871 22-8| 693 1-84[ 49-31........ 2. [ N[ - ..} 1.0]..
25 1,000 2-4 | —100] 274 7.83 89.0 173 0-70; 5-0f 542| 0-27] 6-0{........|.. 4. A ... .| 1-0}.
26 1,000 2-6 | —100] 196| 11-0 83-8 195 1-55] 11-6 607 0-20| 4-61........].. 2(1.00 A {..[..].. .| 1-0f..
27 1,000 2-7 | —100[ 315 7.70 90-8 178 0.71) 4.6/ 508 0-26] 46 {........|.. 21 0.5 N |..] 2]..[....] 0-5]....5....
28 1,000 2.7 | —100] 340 7-60 930 81| 0-70| 2-0| 573 0-18{ 4-76 {........[.. 2{ 0.5 N |..[] 2]..]0-5].... 5czf.Pine
oil.
13 1,000 2-2 | —100] 239} 7.93] 84-2 110{ 1-60{...... 650 0-30|......0ccoeuuni]. .- N |. 1'91 Fuel,
oil.
29 1,000 2-2 | —100 192! 12.5 88-6 113 1-68( 7-0 704{ 0-17| 4-4|........ 4..1....| A gggoo
. . 1i- .0O.
30 1,000 2-7 180 13-68 90-5 55| 1-87) 1-03| 764f 0-20[ 1-53|........ 4.1 . A 1-0....0....]..
31 1,000 2.7 |. 223 11-0f 89-6 94| 1-04| .0-97) 684 0-28 1-91|........{.. 2 1| A [..].. ..| 1-0}..
32 1,000 2-65]. 243 8.42 76-85 269] 1.88] 5-06] 472 0.-20[ 0-94|........{.. 20 1l A |..].. ... 1-0..
34| 1,000) 2-62 2521 9.70 93-1 931 0-58; 2.2 845 0-18| 4-4{........1..].. LA ] 4. 1-0]....1....].
35 1,000 2-76[...... 595 8-27 91-6 154 2-22 6-3 | 1,206 0-09] 2-0{........1..].. A 4. 1-0f.
36 1,000{......]...... 208 5-2{........ 168] 1-5...... 597 0-30)......0-vcu.... 4. . A .. AN 1-0 ke-
tone
residue.
37 1,000(......}...... 112§ 11-5 864 47 1-8 | 5-0 8211 0-15| 8-05........ 4..0....] A IS Y ;1 PP PR B
39 1,000] 1-60{...... 152} 4-49 42.8 153 1-38| 13-2 683 1.02] 44-0|........ 2 1 A |. cens| 140f.. e
B8 |eeineeedeveeniforann 299 4.6 F:T 2 RS PN PRI Y RIS RUTUIY PO ee]eefeees AU IO

WQOW 1 1 WHEEREPPPYPEYEE | Machine used
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Test No. 38:

Amount tested: 1,000 grams.

Apparatus used: Ruth test machine.

Degree of crushing: 60 mesh.

Reagents used: 2-5 c.c. Rex reagent dissolved in carbon bl-sulphlde

Results: The first concentrate came up in a very dirty looking and
sticky froth, The addition of soda ash with the addition of more
Rex reagent improved the results.

Product Weight Analysis Content, | Percentage
y grams  [per cent Cu.| pounds Cu.| of metal
Concentrate No. 1.....ooviiiiiniiininnans, 107 720 77 48-1
0 Concentrate No. 2..........ocoviiiivinnniinn, 192 3:12 “5-99 37-4
F231 511 N 701 0:33 2.31 14-5
Heads. .oovererrniniinaererireseiereennanns 1,000 1.60 16-00 100-0
Test No. 40:

Amount tested: 1,000 grams.

Apparatus used: Ruth test machine.

Degree of crushing: 100 mesh.

Reagents used: 8 pounds lime per ton added to ball mill; a few c.c. of
the acid soluble portion of resin pitch in HySO4 was added to cell.

Results: A froth consisting of watery looking bubbles heavy with
copper mineral formed.

Product Weig'ht Analysis Content | Percentage -

grams  [per cent Cu.| pounds Cu.| of metal -
138 9-12 12-58 81-5

164 1-25 1.93 12-5

708 0-13 0-92 6:0
1,000 { 1.54 15-43 100-0

. Test N 0. 41:

Amount tested: 1,000 grams.

Apparatus used: Ruth machine.

Degree of crushing: 60 mesh.

Reagents used: The insoluble portion of resin pitch after dissolving
in caustic soda was taken up with ammonia.

Results: None.
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Test No. 42:

Amount tested: 1,000 grams.

Apparatus used: Ruth test machine.

Degree of crushing: 60 mesh.

Reagents used: 1 pound per ton of NH,OH and 4 pounds per ton of
soda ash added to ball mill; resin pitch dissolved in HySO4 and the
acid soluble portion was distilled to remove any oil."

Results: Good, but it required a lot of this reagent to form a stable

froth.
Product Woeight Analysis Content | Percentage
grams  [per cent Cu.[ pounds Cu.| of metal

Concentrate.... e e P 164 6-22 10-20 664
Middling.. . 145 2.85 4.13 269
Tailing..... 691 -0-15 1-04 6.7
Heads.oooeveereeeenrnrneenrerrcsssoassnnss . 1,000 1-54 15:37 100-0
Test No. 43:

Amount tested: 1,000 grams.

Apparatus used: Ruth test machine.

Degree of crushing: 60 mesh.

Reagents used: 1 pound per ton of NH,OH and 4 pounds per ton of
soda ash added to ball mill; 1 pound per ton of double strength
solution of Rex reagent from which the acid soluble portion was

extracted.
Result: The action was similar to Rex reagent. ®
Product Weight Analysis Content | Percentage
grams [per cent Cu.| pounds Cu.| of metal

Concentrate......cvovvvieiiernriiiriiseernsns 156 8:05 1256 78.3
Middling. .. covveiiinronsrrsnaiesitienianesnns 171 1.45 248 15-4
AN, o v vttt i 673 0-15 1.01 6.3
Heads,,ooou oo ivreriocosssessonereisesnnans 1,000 1-60 16.05 100-0
Test No. 44: . B

Amount tested: 1,000 grams.

Apparatus used: Ruth test machine.

Degree of crushing: 60 mesh.

Reagents used: 1 pound per ton NH,OH and 4 pounds per ton soda
ash added to ball mill; Rex reagent No. 12 was separated with
ether and alcohol, the water soluble portion of this was used.

Product Weight Analysis Content | Percen
grams  [per cent Cu.| pounds Cu.| of me
Coneentrat «v.vvvvrviiieieiiroaioniiireiicnnns 138 8:00 11.04 72:0
TS s 101 T SN 165 1-63 269 17-6
LAIlINE . e v vereerraeenetosesosonsssssesnsnenns 697 0-23 1-60 10-4 - -
Heads,ooverivrneriinineeeaenosioniosnssscnnes 1,000 154 15-33 100-0
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Test No. 45:
Amount tested: 1,000 grams.
Apparatus used: Ruth test machine.
Degree of crushing: 60 mesh. -
Reagents used: Same as test No. 44, but the ether soluble portion of
reagent used.

Product Weight Analysis Content | Percentage
grams  |per cent Cu.| pounds Cu.| of metal -

88 12.77 11.24

74-8

84 303 2-66 17-0
828 0-16 1-24 82
1,000 1-50 15-03 100-0

CoMPARATIVE SMALL ScaLe TEsTs WITH ALPHABETICAL, REX, AND OIL
RraceENTS

Three tests were made on the Callow pneumatic testing machine,
in which two lots of 1000 grams each, ground to 60 mesh, were used. The
machine was operated on a continuous feed, and continuous discharge,
as iﬁ_ practice. The concentrate was recleaned on the Ruth testing
machine.

Test No. 47: _ _ .
Reagents used: 6 pounds lime per ton; 1 pound X-Y reagent per ton.

Product Weight Analysis Content | Percentage
grams  |per cent Cu.| pounds Cu.| of metal
ConeentTate. ..vvvvervrreeeenvnoonerorssnsonns . 390 Y] 25:16 80-9
Middling....coovvviereneaennnens 150 1.90 2-85 9-2
Pailing,euverinriireeriioniiieneniosienness 1,404 0-10 1-40 4.5
Clean up.... 56 0-30 168 5.4
Heads,eeerererioiriiirerarrssernseesaanas 2,090 1-556 31-09 100-0
Test No. 48: .
Reagents used: Rex No. 12 reagent with soda ash and NH,OH.
Product Weight Analysis Content; | Percentage
grams |per cent Cu.| pounds Cu.| of metal
Coneentrate. .....ooocvirierrrecnriioareacnses 158 5.55 8.77 282
Middling,...coovcvvenririenirieeniiiioieoroess 114 3-82 4.35 , 14-0
Tailing, .. evvererversiriecineonrirosrorasonss 1,650 0-97 16.06 518
CleBn UPseerreeerroserererservasessanaasasaes 72 2-67 1.92 | 6.2
Het}ds.. ...................................... 2,000 1-56 3110 100-0

49130—2
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Test No. 49:
Reagents used: Fuel oil, 1 pound per ton; pine oil and 4 pounds of

lime per ton.

Product Weight Analysis Content | Percentage

grams | per cent Cu.| pounds Cu.| of me
Concentrate. . 258 9-15 23-61 81:1
Middling.. 52 290 |. 1.51 5.2
Tailing. . 1,581 0:12 190 65
« Clean up 109 1-93 2:10 72
Heads.. 2,000 1-46 29.12 100-0

Larae ScarkE Trsts usiNg Rex FrorarioN REAGENTS

A number of large scale tests were made, usmg about one ton of the
ore for each test, as follows:—

Test No. 1:
Amount tested: .1,932.5 pounds.
Apparatus used: Ruth four cell flotation machine (standard size).
Degree of crushing: 60 mesh.
Dilution: High.

Product Weight Analysis Content (Per cent of

pounds [per cent Cu.| pounds Cu.| Cu. values

Concentrate No.1.............. Cereraa. 36-0 15-10 5:44 18-7
“ NO 2iieireiiiieniiiieeraennnn, 67-0 1190 8:78 23-3

“ No. 42 0 10:55 443 15-3
“ No. 540 8-45 4.56 15-7
AN, e e e eeeeiieeeeeneineeenennnreraannans 1,743:5 0-45 7-85 27-0
Heads..ooeeeverneteeneeneeiacnencnnesnennns 1,932-5 1-55 29-95. 100-0

-

Recovery 73-0 per cent. Ratio of concentration 10:2 to 1.

Test No. 2:
Amount tested: 1,915 pounds.
Apparatus used: Ruth four cell flotation machine (standard size). -
Degree of crushing: 80 mesh.
Dilution: High.
Concentrate taken off first three cells: middling off fourth, and re-

turned.
Product ) Weight Analysis Content | Per cent of
: pounds . [per cent. Cu.] pounds Cu.] Cu. valueg
Concentrate No.loooiiiiiiiiiiiiiiinian, . 44-0 17-85 7-85 26-9
NOw Zuemeee 46-0 15-70 7-22 24.7
“ NO.Buiieerivrneerrerinnenenennns 33-0 12-90 4.26 ) 146
TAIINZ . erenere e ineieneeeraraennenennnans 1,792-0 0556 9.86 33-8
Heads .......... N 1,915.0 170 32-55 100-0

Recovery 66-2 per cent.  Ratio of concentration 156 to 1.
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Test No. b:

Amount tested: 1,941.5 pounds. .
Apparatus used: Ruth four cell flotation machine (standard size).
Degree of crushing: 80 mesh. :
Dilution: High.

Product Weight Analysis Content | Per cent of
pounds | per cent Cu.| pounds Cu.| Cu. values
Concentrate No. L.vvvovvveviinerivnnnennns, 46-5 13-05 6-07 20-9
“ NO. Zevvirerienieeaiiinanins 61-0 11-80 7-20 24.8
“ No.3..... i eiaibtereia et 39-0 9256 3.61 12-4
“ s R 49.0 6:95 3-41 11-2
S T N 1,746-0 0-50 8-73 30-1
Heads. ..o oovviveiriiireinineeraninininrenans 1, 1.60 31-00 100-0
Recovery 69-9 per cent. Ratio of concentration 9-93 to 1.
Re-run of tailing from test No. 5:
Product Weight Analysis Content | Per cent of
pounds |per cent Cu.| pounds Cu.| Cu. values
Concentrate Nos1o.oereiivevenvarneiarnrnees, 0-50 4-50 0-02 0-1
“ [ 3 2 N 0-76 5-30 0-04 0-1
“ B L R T 1-50 7-00 0-10 0.3
“ NO diiviieeenrrironnennssneanns 1.256 7-20 0-09 0.3
Tailing, . v.vvinireriiirenninenrineninennsones 1,725-75 0-50 8-65 29:3°
- DR 1,720.75 0-50 8-65 30-1
Total recovery 70-7 per cent. Ratio of concentration 9-73 to 1.
Test No. 6:
Amount used: 1,947-.5 pounds.
Apparatus used: Ruth four cell flotation machine.
Degree of crushing: 80 mesh.
Dilution: High.
Product Weight Analysis Content | Per cent of
pounds [per cent Cu.[ pounds Cu.| Cu. values
Concentrate No.L..veevvivern: vevivreennnnns 38-0 16-90 6-42 2.7
“ s N 43-0 14.00 6-02 20-4
“ L T T 31-5 11.40 3-569 12.1
“ NO % vrreinnirreanrnenirrneans 310 8-75 271 92
B 1 1,804-0 |- 0-60 10-82 36-6
Heads, coeerrirreeeereniinorereoneornersonens 1,947-5 1.55 30-19 100-0

Recovery 63-4 per cént. Ratio of concentration 13-6 to 1.
49130—23
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Test No. 8:
Amount tested: 1,834-5 pounds.

Apparatus used: Ruth four cell flotation machine.

Degree of crushing: 80 mesh.

‘Dilution: one of solids to six of water.

Produet Weight Analysis Content | Per cent of
pounds [per cent Cu.| pounds Cu.| Cu. values
113-5 10-25 11-63 439
96-5 555 5-36 20.3
90-0 460 414 15-6
62-5 4.05 2-53 96
1,472- 0-19 2-80 10-6
1,834-5 1-65 30.27 100-0
Recovery 894 per cent. Ratio of concentration 5.1 to 1.
Test No. 9: .
. Amount tested: 1,750-5 pounds.
Apparatus used: Ruth four cell standard machine.
Degree of crushing: 80 mesh.
Dilution: One of solids to six of water.
Product Weight Analysis Content | Per cent of
: pounds |per cent Cu.| pounds Cu.| Cu. values
. Concentrate No.1,....ccvvvvvvnvnnniennnn... 47.5 13-95 6-63 27-4
“ No.2,iivevinninnn. .. . . 54-0 9-90 5:35 22+1
“« No.3..oouvvenn 41-0 6-75 277 11.5
“« No. 4..... 89.5 6+15 5:50 227
Tailing,.o.oovvvennn. 1,518 0-26 3-95 16-3
Heads.vooveiivenniinriinennnanns 1,750-5 1:55 2713 100-0
Recovery 83-7 per cent. Ratio of concentration 7-5 to 1.
Test No. 10:
Amount tested: 1,591 pounds.
Apparatus used: Ruth four cell standard machine.
Degree of crushing: 80 mesh. )
Dilution: One of solids to five of water.
Product Weight An.alysis Content | Per cent of
pounds [per ¢ent Cu.| pounds Cu.| Cu. values
Concentrate No.1oeveevnneiiivnneninnninnnn, 49-5 12.07 5.97 24:2
o No. 2.... .. 350 14.70 516 20:8
“ No. 3..... RN 43:0 10-38 4-46 18-0
.. “  No.4 47.0 10-72 5-04 20-4
Tailing.eveiinriieeneennnns 1,416-5 0-29 4.11 16-6
Heads....ovvvevviiininiinnnn, 1,591-0 1.35 21.48 100:0

Recovery 83+4 per cent. Ratio of concentration 9-1 to 1.
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Test No. 33:
Amount tested: 1,696 pounds.
Apparatus used: Ruth four cell standard machine.

Degree of crushing: 80 mesh.
Dilution: High.

Product Weight Analysis Content | Per cent of
pounds [per cent Cu.| pounds Cu.| Cu. values

Concentrate No. L..ovvviniiiiiniiiiiinnnnn. 84:0 10-52 8:84 33-1
“ No. 2 615 9.35 5-75 21:6

54:0 7.27 393 14.7

52:0 7.47 3-88 14.5

130+56 1.37 1:79 6-7

1,814.0 0-19 24860 9.4

1,696 1.60 2714 100-0

.Recovery 839 per cent. Ratio of concentration 6:75 to 1.

Test No. 46:
Amount tested: 1,878 pounds.
Apparatus used: Ruth four cell standard machine.
Degree of crushing: 80 mesh,
Dilution: One of solids to fourteen of water.

Product Weight Analysis Content | Per cent of

pounds |per cent Cu.| pounds Cu.| Cu. values

Concentrate NO. Loiooeveeiniivenriennrnienns 53+5 8:62 4.61 17-6
: “ NO Ziverrieiiinie wvivenene s 39:5 10.17 4.02 15-4
22:5 10-60 2+38 9.1

59:5 9-10 5.41 207

1,703-0 0-57 971 37-2

1,878:0 1-65 30-99 100-0

Recovery 628 per cent. Ratio of concentration 10-7 to 1.
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Larce Scave Tests usiNg X-Y RBAGENTS

Two tests were conducted, one on the Ruth machine, and one on the
Callow, on about one ton of ore using the Alphabetical reagent, X-Y

mixture.

Test No. 18:
Amount tested: 1,652-5 pounds,
Apparatus used: Ruth four cell standard machine.
Degree of crushing: 80 mesh,
Dilution: One of solids to six of water,

Product : Weight Analysis Content | Per cent of
pounds |per cent Cu.| pounds Cu.| Cu. values
Coneontrate. v..vvvreivnen i ieiniienrirarnns 225.0 6-7 15.07 63-9
Middling....oovvieiririinrenninenns 86:5 4.76 4.12 18-8
Taillng, . vvvvvvnrnenenenns . 1,341-0 0:20 2:68 12.3
L= 1 1 1,652.5 1-72 28-42 100-0
Recovery 802 per cent, assuming 60 per cent recovery of values in middling.
Ratio of concentration 6 to 1. )
Test No. 23:
Amount tested: 1,661:5 pounds., -
Apparatus used: Callow standard machine. -
Degree of crushing: 80 mesh.
Dilution: One of solids to five of water.
Product Weight Analysis Content | Per cent of
' pounds | per cent Cu.| pounds Cu.| Cu. values
157-5 8:50 13-39 61-4
91:0 4:90 4:46 20-5
1,413-0 0-28 3:96 18-1
1,661-5 1.49 24.76 1000

Recovery 73-7 per cent, assuming 60 per cent recovery of values in middling.
Ratio of concentration 8§ to 1.






Prate 11

Hidden Creek ore, x 100
Py = pyrite, Cp = chalcopyrite
Sl = sphalerite, Asp = arsenopyrite

200 mesh
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Larer Scane Tmst using Fuer O, PiNe OiL, AND LiMe

Test No, 62:

Two tons of ore were ground in the ball mill to the following degree
of fineness:—

B 1) 0T VRPN 16-1 per cent
Ly (111 {1 11. “
2504200, .ttt i i e eereene 34.2 «

TEST MADE ON CALLOW STANDARD MACHINE

Product Weight Analysig Content | Per cent of

pounds |per cent Cu.| pounds Cu.| Cu. values

Concentrate. . .oovin.cvvrrerservrssareeoiroens 217-0 15-75 3418 71-2
Tailing, ..ovivereiniiaronaronrsnraniorasiaens 3,453:0 0-40 13-81 28-8
Heads, o vereeeorernsentssacensosasossescssenas 3,770-0 1-35 51-00 100-0

Recovery 71-2 per cent. Ratio of concentration 17-4 to 1.

SUMMARY AND CONCLUSIONS

The experimental work conducted on this ore shows that it is amenable
to concentration by flotation methods. A very satisfactory separation
of the copper minerals from the iron pyrite and gangue can be obtained,
with a good recovery of the copper values, and an economical ratio of
concentration.

The small scale tests show that such reagents as oil, with the addition
of lime, Rex reagents, or the Alphabetical reagents give good results.
However, in the tests run for comparative results under the same conditions
and procedure, oil and the Alphabetical reagents give much better results
than the Rex reagents.

While the small scale tests give good results with the use of Rex
reagents, these reagents have never been applied in practice on a large
scale, and until this is done, the feasibility of their use cannot be considered
as practicable.

The results from the large scale experimental work are not as satis-
factory as those from the smaller scale tests. This is due to the fineness
. of crushing., In these tests the ore was reduced to 80 mesh, while finer
grinding is necessary for better recoveries and grade of concentrates.
Since these tests were run a Dorr classifier with bowl attachment has been
installed in closed circuit with the ball mill. With this arrangement any
degree of crushing can be obtained to 200 mesh, and a number of tests
will be conducted on a large scale, and this report supplemented with the
results of these tests.
© A number of tests will also be made with the use of other reagents,
and the results of this work will be contained in the supplement to this
report.
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(2
THE FLIN FLON COMPLEX SULPHIDE ORE
‘C. S. Parsons and R. J. Traill

Test No. 142

Location.—The Flin Flon ore-body is situated at the southeast end

of Flin Flon lake, which drains through a series of lakes into the Saskatch-
ewan river. The ore-body lies in township 67, ranges XXIX and XXX,
west, approximate latitude 54° 45’ and approximate longitude 101° 55'—
four miles east of the second meridian, west. It lies practically on the
boundary of the provinces of Manitoba and Saskatchewan, in the south-
west corner formed by the right angle connection of this boundary line.
It is 68 miles by air line NNW. from The Pas, on the Canadian National
railway, the distributing centre for the district.
. Extent of Ore-body.—The ore-body which skirts the southeast shore
of the lake strikes with the country rock, and dips approximately 70° east.
From the records of the diamond drill holes at the south end of the deposit,
it would appear that it pitches at a low angle to the south. Horses of
unmineralized greenstone separate it into more or less independent lenses.
The deposit has a known length of 2,600 feet, and has been proven to
a depth of 900 feet, over a length of 1,000 feet. Its greatest width is
400 feet. Irom the results of diamond drilling and underground develop-
ment work, the total tonnage has been calculated to be sixteen millioa,
exclusive of horses of greenstone. This estimate makes no allowance for
possible ore below the 900 foot level, or at depth in the line of pitch, atb
the south end of the ore-body. A

Mineralogical Composition.—The chief metallic minerals are pyrite,
sphalerite, and chalcopyrite. Galena has been found in vugs in the other-
wise unmineralized rock, but does not occur in quantity in the ore-body.
Small amounts of pyrrhotite and arsenopyrite, are present, and the analysis
of the ore shows the presence of traces of bismuth, which would be present
as bismuthinite. Native copper is found in leaf form as a secondary
product in the upper sulphide zone. = Gold and silver are present. It has
been determined that the precious metals are evenly distributed through
all the sulphides. This has been demonstrated by the analysis of products
from the differential flotation tests on the sulphide ore. The principal
gangue is some mineral of the chlorite group. ~ .

Characteristics of the Ore-body.—The ore-body consists of three zones
and two types of ore—a hanging wall zone of disseminated ore, a centre
zone of solid sulphides, and a footwall zone of disseminated ore. In some
places the sulphide zone is in direct contact with the hanging wall, but as
a rule, a selvage of disseminated ore separates it from the hanging wall.
On the footwall there is found invariably a considerable width of dis-
seminated ore. Contact with the walls, and as a general rule between the
two types of ore, is well defined. The richest copper ore is found in the
disseminated footwall zone, which gives values of from three to five per -






Flin Flon ore, x 100

l‘ l 200 mesh
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&
cent copper. The sulphide ore carries about 1-65 per cent copper, the
average for the whole ore-body being approximately 1-9 per cent. Zinc,
which averages about 3-8 per cent for the whole ore-body, shows higher
values in the sulphide ore.

Exploration and Development.—The ore-body was discovered in the
summer of 1915. During the winter of 1915-16, work was confined to
surface sampling and cross trenching. During 1916, 6,000 feet of drilling
was done by New York and Boston interests. During 1917 and 1918
forty-four holes were drilled by Toronto interests, representing a total
lineal footage of 25,664 feet. In March, 1920, an option was taken by
New York and Canadian interests, and since that date two shafts were
sunk over 500 feet apart. One shaft reached the 200 foot level where
210 feet of cross-cutting was done to traverse the ore-body, and approxi-
mately 100 feet of drift was driven southward. The No. 2 shaft was sunk
to the 100-foot level and a cross-cut approximately 165 feet long driven
at this level.

Shipments Received for Baperimental Test Purposes.—In June, 1920,
application was made by the Mining Corporation of Canada, who hold
the option on the property, to the Department of Mines for assistance
in solving the metallurgical problems in connection with the freatment
of the sulphide ore. Later this was extended to cover the disseminated
ore. On June 15,.1920, there was received at the Ore Dressing and
Metallurgical Laboratories, a shipment of 100 pounds of sulphide ore,
and on April 22, 1921, a further shipment of 129 pounds of similar ore
was received. Both these shipments were representative, being portions
of the drill cores, crushed to about one-half inch, from diamond drilling
operations. A shipment of the disseminated ore has been received, the
experimental work on this ore will be conducted during 1922.

Possible Lines of Investigation for the Metallurgical Treatment of the
Sulphide Ore.—On account of the nature of this ore, which consists of
practically solid sulphides of iron, zinc, and copper, the gangue minerals
being less than ten per cent, it presents a most intricate nmetallurgical
. problem to determine the most economical method of treatment. Three
of the most promising lines of investigation were decided on as follows:—

1. The concentration of the copper mineral by selective flotation, and
the separation by differential flotation of the chalcopyrite, sphalerite, and
pyrite, resulting in copper and zine products, suitable for subsequent
reduction tothe metals.

2. The hydro-metallurgical treatment of the ore, or of concentration
products, by roasting, leaching, and electrical deposition of the metals.

3. Pyritic smelting followed by reduction of the matte in converters
to blister copper.

The experimental work conducted in the Ore Dressing and Metal-
lurgical Laboratories was confined to the first line of investigation. A few
small laboratory tests were made on the roasting and leaching of the ore,
but the laboratories were not equipped to carry out extensive tests from
which reliable conclusions could be drawn. The third is a matter for
study of conditions at metallurgical plants operating on a similar class
of ore, and will require the installation of a small unit at the property to
demonsirate the feasibility of this method of treatment.
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Microscopic Lvamination of the Sulphide Ore.—A number of polished
sections were made and these examined under the microscope to determine
the special characteristics of the ninerals and their relation to each other.
The conclusions arrived at were practically the same as those of Prof.
Alfred Wandke, of Cambridge, Mass., who examined three type specimens
of the ore. Prof. Wandke’s findings were as follows:—

The gangue is essentially carbonate, either calcite or magnesium, or iron bearing, with
very minor amounts of sericite, quartz, and rutile. It is but a small proportion of the
ore, and being a carbonate, would not Interfere with the fine grinding of the rock. The
quartz is sparely developed and moulds about the pyrite, sometimes a little chlorite
oceurs on the edges of some of the pyrite erystals, and chalcopyrite seems intimate with
the chlorite.

The minerals present are pyrite, SEhaIerite chalcopyrite, arsenopyrite, a very little
bornite, and chalcocite, and a few specks resemﬁling galena. The pyrite occurs both as
granular aggregate and as_distinet crystals measuring up to -2 mm. in gection. Pyrite
probably encloses both sphalerite and chalcopyrite. The chalcopyrite measures” fre-
quently under -02 mm. (less than 400 mesh). The sphalerite cements the pyrite, often
oceurs in bands, and although usually free from chalcopyrite, it may nevertheless enclose
minute -1 mm, (150 mesh) grains of chalcopyrite. The chalcopyrite is the chief copper
mineral, the only one present, for the bornite and chalcocite oceur in insignificant amounts.
The mineral cements and is intergrown with grains of pyrite and sphalerite. While the
grains of chalcopyrite may attain a diameter of -5 mm, in section, it rarely runs above
~+2 mm. (65 mesh) and as a rule the grains measure less than -1 mm. (150 mesh). Hence
very fine grinding (to slime) would be necessary to liberate the chalcopyrite. Sometimes
the hand specimens and the polished section show tarnishing, suggesting surface enriching

solutions, but the enrichment is always sub-microscopic. The arsenopyrite oceurs in
clean-cut crystals enclosed by pyrite. It is almost always surrounded by pyrite and
makes up but a fraction of 6ne per cent of the ore.

He made a special report on the occurrence of the gold, but found no
mineral which would give a clue as to its association. Since it is possible
when the gold is coarse to detect the native metal in ore that runs less
than §2 per ton, it seems certain that in the Flin Tlon ore, the gold is
extremely finely divided and so avoids detection. He states that from
evidence furnished by other districts, it is suggested that the gold may
go with the sphalerite and chalcopyrite. This does not seem to be the .
case, however, as the results of the differential flotation tests show that
the gold is evenly distributed in the ore, occurring with all three minerals,
the pyrite, sphalerite, and chalcopyrite.

He also mentions that the extreme fineness of the grains of chalco-
pyrite have indicated to him that the flotation process might not be advis-
able. However, the results of the flotation tests show that on grinding
to 200 mesh, to which fineness the ore reduces readily, a high grade copper
concentrate is obtained, with good recoveries, and a zinc product is made,
with a recovery of from 55 per cent to 60 per cent of the zine. As far as
the copper mineral is concerned, the ore is amenable to the flotation process.

. It was also determined that the gangue mineral was principally car= -
bonate, and that magnesia was greatly in excess of calcium. It is possible
that the mineral which Prof.- Wandke takes for galena, is bismuthinite, -
as bismuth has been detected in the electrolytic deposition of the copper.

The ore has been found to contain 0.5 per cent arsenic. This is
roughly equivalent to 1 per cent arsenical pyrites. ‘
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Tests on the Concentration and Separation of the Minerals.—Small
shipments of the ore were sent by the Mining Corporation of Canada to
the General Engineering Company, Salt Lake City, Utah, to the com-
pany’s Cobalt works, and to the Ore Dressing and Metallurgical Labor-
atories, Mines Branch, Department of Mines, for experimental work on
the concentration and separation of the minerals.

The results of the tests conducted by the General Engineering Company
are summarized below:—

Test No. 3:

Amount tested: 1,000 grams.

Apparatus used; Callow testing machine.

Degree of crushing: 200 mesh. -

Object of test: Concentration of the copper values.

Reagents used: 11 pounds lime per ton; 1 pound X-Y mixture per ton.

Analysis
Recov.| Conc.
Products Cu. Zn. Fo. Insol. | Au.- Ag.- Per
per centiper cent|per cent|per cent| oz. 0z. cent | Ratio
Copper concentrate......... 13-70 5-3 33:0 11528 DU PR 866 | 10-6:1
Tailing. veeeeenrrenrvennnns 0.22 T 3 PRPTRTR P 0-06 100 [ounveein]iennnnns
Test No. 4:

Amount tested: 1,000 grams,

Apparatus used: Callow testing machine.

Degree of crushing: 200 mesh.

Object of test: Differential flotation of the minerals, producing a copper
concentrate, a zinc concentrate, and an iron tailing,

Reagents used: 14 pounds lime per ton; 0-1 pound X-cake; 4 pounds
Wattsons 1-B (equivalent to 0-6 pound oil); producing a copper
concentrate.

Refloated, using 6 pounds H,SO,; 65 pounds residue Wattsons 1-B;
1 pound G. E. Co. No.209; 0-1 pound G. E. Co. No. 56, producing a zinc
concentrate.

Analysis
Recov.| Conc
Products Cu. Zn. Fe. Insol. | Au.- Ag.- Per
per cent|per centper cent|per cent| oz. 0Z. cent Ratio
Copper concentrate......... 8:00 5.6 33-8 5:4 0-26 4-50 83:1| 6-2:1
Zine concentrate............| 1:25 37-6 167 }.ouen.n. 0-08 2:12 60:3} 1-3:1
Tailing,..ovvovvvvneennnenns 0:22 Sk 3 PO PO 0-07 (133111} TN P
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Test No. 14:

Amount tested: 1,000 grams.

Apparatus used: Callow testing machine.

Degree of erushing: 200 mesh.

Object of test: Differential flotation of the minerals, producing a copper
concentrate, a zinc concentrate, and an iron tailing.

Reagents used: 14 pounds lime; 0-15 pound of X-cake; 6 pounds
Wattsons 1-B (equivalent to 0-9 pound oil), producing a copper
concentrate.

Refloated, using 1 pound of G. E. Co.’s No. 209, 0-75 pound Wattsons
residue 1-B; 0-10 pound G. E. Co.’s No. 56, producing a zine

concentrate.

Analysis Recov. Cone

per Py

Products © Cu. Zmn. Te. Insol. | Au.- Ag.- cent ratio

per centfper cent|per centiper cent] oz, 0z. :

Copper concentrate......... 670 | 7.8 32.8 56| 022 3.90( 834 53:1
Zing concentrate............ 1-20 | 38-5 18-2 2:0 008 1.75 54:818:3:1
Tailing,cvevere cieveeinnnns. 0-25 (152 S (RN PN 0-07 080 f...o.on e

The results of the tests conducted by the Ore Dressing and Metal-
lurgical Division of the Mines Branch, Department of Mines, are sum-
marized below—

Test N 0. 18:
Amount tested: 1, 000 pounds. )
Apparatus used: Ruth testing machine.
Degree of crushing: 200 mesh. ,
Object of test: Differential flotation of the minerals, producing a
copper concentrate, a zine concentrate, and an iron tailing.
Reagents used:
Flotation of copper: 40 pounds lime per ton added to ball mill.
4 pounds X-Y per ton added to cells.
Flotation of zine: 14-B wood tar and Wattsons residue. 'This
was unsuccessful.

Analysis Per cent of values in heads
Weight
- Product grams Cu. Zn.
o per cent|per centl Au.-oz. | Ag-oz.| Cu. I Zn. I Au. ' Ag.
I .
Copper conc........ 86 13-0 4.8 2:02 414 [0 2 (PR F
Copper midd...... 152 6:3 5.0 0-12 1.72 355 1220 fooviieedeeiannes
Tailing,........... 79 0-8 6:6 0-08 0-74 23-1 81-5 89-0 51-0
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Test No. 14:

Amount tested: 1,000 grams.
Apparatus used: Ruth testing machine.
Degree of crushing: 200 mesgh. )
Object of test: Differential flotation of the minerals produeing a copper
concentrate, & zine concentrafe, and an iron tailing.
Reagents used:
Flotation of copper: 40 pounds per ton lime added to ball mill;
5 pounds per ton X-Y reagent added to cell. :
Flotation of zinc: 10 pounds per ton of soda ash.
1 pound per ton No. 34 gravity fuel oil.

Analysis Per cent of values in heads
Weight
Products gramg | Cu. Zn.
per cent|per cent| Au.-oz. | Ag.0oz.| Cu. Zn, Au, Ag.
Copper conc........ 146 | 14.2 4.4 0:10 1-38 78:5
L« midd...... 159 23 5:9 0-14 1.27 13-8
Zine cong.,...vus 96 0-9 29-0 0:18 0-80 33
‘f _midd ......... 65 0-5 6:3 0:10 1-10 1:2
Tailing............ 568 0-15 T O DA PR 3.2

Test No. 15:

Amount usged: 1,000 grams.
Apparatus used: Ruth testing machine,
Degree of crushing: 200 mesh.
Object of test: Differential flotation of the minerals, producing a
copper concentrate, a zine concentrate, and an iron tailing.
Reagents used:
Flotation of copper: 40 pounds per ton lime added to ball mill;
5 pounds per ton X-Y reagent added to cell.
Flotation of zine: Dewatered copper tailing; 8 pounds per ton soda
ash to cell; 1 pound per ton No. 34 gravity fuel oil.

Analysis Per cent of values in heads
Weight
Product grams | Cu. Zn. |Au. and
per cent{per cont| Ag.-ozs.| Cu. Zn., Au. Ag.

Copper cone......o..ovvaees 161§ 12.5 2.7 1.-54 779 VY B PP P
¢ midd.............l 110 1.4 7.0 0-90 60 186 [eeenivennns
Zing €onG..vueverurirnerinss 901 2.4 36-5] 1-70 84| 583 |.ieeei]innnnns
“ midd.... 100{ 08 551 o040 31| Ce.s|)il
Tailing.ovueeevieneinnnennas 542 0-22 11 0-71 4.6 106 [.ooenen]oneneen,
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Amount tested: 1,000 grams.
Apparatus used: Ruth testing machine.
Degree of crushing: 200 mesh.
Object of test: Differential flotation of the minerals.
Reagents used:

Flotation of copper: 24 pounds per ton lime added to ball mill;

4 pounds per ton X-Y reagent to cell.

Flotation of zine: Dewatered copper tailing: 1 pound per ton
This was unsuccessful.

P.T.T. Co. No. 1580 to cell.

S Analysis Per cent of values in heads
Weight
- Product grams | Cu. Zn. :
: per cent|per cent| Au.-os.| Ag.-o5.| Cu. Zn., Au. Ag.
Copper cone........ 106 17-8 36 0-10 2.14 69-2 6:0 15-8 21.4
Copper midd....... 148 3-6 7-2| trace 2:00| 19-6}  16-8 4.2 280
............ 766 0-4 6-4 0-07 0:70 11.2 77.2 80:0 50-6

Test No. 18:

Amount tested: 1,000 grams.

Apparatus used: Ruth testing machine,

Degree of crushing: 200 mesh.

Object of test: Concentration of the copper mineral,

Reagents used: 30 pounds per ton lime to ball mill; 5 pounds per ton
X—Y reagent to cell.

Analysis Per cent of values in heads
. Weight -
Product grams | Cu. Fe.
per cent|per cent| Au.-ox.| Ag.-0z Cu. Zn.. | Au. I Ag.
Copper conc........ 158 14.9 28:71. 0-12 ]........ 86-0........ | 237 ]........
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Test No. 19:

Amount tested: 1,000 grams.
Apparatus used: Ruth testing machine.
Degree of crushing: 200 mesh. '
Object of test: Differential flotation of the minerals,
Reagents used: Flotation of copper:
24 pounds per ton lime added to ball mill; 5 pounds per ton X-Y -
reagent to cell.
Flotation of zinc:
Dewatered copper tailing.
8 pounds per ton soda ash added to cell.
3 pounds per ton Watisons residue 1-B.
1 pound per ton copper sulphate.
1 pound per ton No. 34 gravity fuel oil.

Analysis Per cent of values in heads
Weight
Product grams | Cu. Zn. Fe.

per cent{per cent{per cent| Au.-oz.| Cu. Zn, Fe. Au.
Copper conc....... 1451 16-7 4.4 24.3 0.10} 87-94| 10-56 [........ 18:2
LY midd...... 29 1.8 8.7 28-3 0-10 1-89 417 ......0. 3:6
Zinceone,...vuies. 78 0-45 40.7 17-9 011 1271 52:521........ 10-8
‘_‘ _midd. 74 0-5 89 33.7 0-07 1-34 ] 10:90§........ i)
Tailing,.o...vvveu. 695 0:3 1.9 35-4 0.07 7.56 1 21-841}........ 60-8

Test No. 20:

Amount tested: 1,000 grams.
Apparatus used: Ruth testing machine.
Degree of crushing: 200 mesh.
Object of test: Concentration of the copper mineral.
Reagents used: 20 pounds per ton lime added to ball mill.
3 pounds per ton X-Y mixture added to cell.

Analysis Per cent of values in heads
Weight
Produet grams Cu, Zn. Fe. -
per cent|per cent|per cent| Au.-oz.| Cu. Zn. Fe. Au.
Copper conc........ 93 208 |oveuennfeennnens 0-13 b ((IT S DS PO PN
Copper midd....... 39 L S PP PP P 1006 |ovvereeforrenesfeoonanns
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Test No. 21:

Amount tested: 1,000 grams.
Apparatus used: Ruth testing machine.
Degree of crushing: 200 mesh.
Object of test: Differential flotation of the minerals.
Reagents used: ~
Flotation of copper:-
16 pounds per ton lime added to ball mill.
0-3 pound per ton X-Y reagent added to cell.
Flotation of zinc:
Dewatered copper tailing,.
8 pounds soda ash per ton.
1 pound fuel oil per ton.
Flotation of zine was not successful.

Analysis Per cent of values in heads
Weight -
Product grams [ Cu. Zn., ’
per cent/per cent, Au.-oz.IAg.—oz. Cu. Zn. | Au. Ag.
Copper ¢onc........ 138 17-4 3-2 0-08 2-64 87:4 ! 7-37 138 {.. .V .....
Test No. 22:
Amount tested: 1,000 grams.
Apparatus used: Ruth testing machine.
Degree of crushing: 200 mesh.
Object of test: Differential flotation of the minerals.
Reagents used:
Flotation-of copper:
* 20 pounds per ton lime added to ball mill.
0-3 pound per ton X-Y reagent to cells.
Flotation of zine: Lo

Dewatered copper tailing.

5 pounds per ton lime.

8 pounds per ton soda ash.

1 pound per ton fuel oil and pine oil.

Analysis ' Per cent of values in heads
Weight -
Product grams | Cu. Zn. :
per cent|per cent| Au.oz.|Ag.~-oz.| Cu. Zn. Au, Ag,

Copper conc....... 120 | 15-7 2.7
“  midd...... 46 26 68
. Zing cont....vvins 611........ 4.5
“ midd......... 116 0-58 67
Tailingeeeeereeenrforereene]orennens 2-8
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Test No. 23:

Same procedure as in test No. 22.

Analysis Per cent, of values in heads
Weight -
Product grams [ Cu. Zn. Fe.
per centiper cent|per cent| Au.-0z.| Cu. Zn. Fe. l Au.

Copper conc........ 130 18.0 3-7 26-4 0-16 1211 (SR U PN
Zing COnCue.vsruons 90 |........ 39:5 15-4 0.18 {........ 151 201 2 AP
Tailing............ 594 0-2 0-8 36-6 (VIS W POUUDSN FUURUORN PUCURIE PO

Test No. 24: ,
Same procedure as in tests Nos. 22 and 23.

Analysis Per cent of values in heads
Weight
Product grams | Cu. Zn. Fe. © :
per cent|per cent|per cent| Au.-o0z.| Cu. n Zn. Fe. Au.
Copper conc........ 222 10-9 45 27-7 0-10 88-0 17:0 |oevvunei]onennnn.
Zing cone.......... 611]........ 42.5 14-2 0.201........ L. 01 N R R
« _midd ......... 150 0.6 8-6 31-7 0-141]........ 219 |
Tailing,,.......... 590 0.1 1.7 37-1 0-061{........ 170 fveeneiiennnnn,

Test No. 32:
Amount tested: 1,000 grams.
Apparatus used: Ruth testing machine.
Degree of crushing: 200 mesh.

Object of test: Differential flotation of the minerals.

Reagents used:
Flotation of copper:

20 pounds lime per ton o ball mill.

0.3 pound X-Y reagent to cells.
Flotation of zine:
Dewatered copper tailing.
10 pounds per ton caustic soda.
8 pounds per ton lime.
1 pound per ton fuel oil.

Analysis Per cent of values in heads
Weight
Product gramg [ Cu. Zn. Fe. -
per cent|per cent|per cent| Au.-oz Cu. Zn. Fo. Au.

Copper cone....... 200 8-80 2. Y U F 67:8 79 .o deeenns,
“  midd...... 96 2.35 4.3 )i 8-7 (12578 DU I
Zine conc.......... 100 3-42 2608}, el 13-2 435 |oveeiitenennnas
“ midd......... 140 0.70 T3 Jeveevuneferounens 3-8 169 {.ovoviifovannnes
Tailing.......... . 486 0-35 ;25 N AR P 6-6 248 |.viiveni]ienninn

49130—3




109

Test No. 84:

Amount tested: 1,000 grams.
Apparatus used: Ruth testing machine.
Degree of crushing: 200 mesh.
Object of test: Preferential flotation of the minerals.
Reagents used: -
_ Flotation of copper: :
40 pounds per ton lime added to ball mill.
0:2 pound X-Y reagent added to cells.
Flotation of zinc:
.6 pounds per ton soda ash.
1 pound per ton gravity fuel oil.

Analysis Per cent of values in heads
Weight
Product grams | Cu. Zm. Te.
per cenfiper cent|per cent| Au.-oz.[ Cu. Zin, Fe. Aus
Copper CORC..uss.. 194 | 1095 3:6 9.7 0-10 65+5 116 Jovvneenidevanins
.S midd...... 89 775 4.9 31:6 0:08 212 Y7 P I,
Zine conc..... s 93 230 35-0 21-2 0-15 66 [:2: 20 S Y
< midd... ... 921 1.05 7.8 341 0-06 3:0 ) I I R PR
Tailing..vov.snnos C e8| 020| 15|l 37| apea |l

Cyanidation of Flotaiion Tailing—The tailing from test No. 34 was
agitated in cyanide solution for the recovery of the gold and silver. The
tailing after being treated in this manner gave traces of gold and silver,
showing that the precious metal values could be recovered in this way.
However, the cost of treatment would very probably prohibit the use of
this method. o '

Microscopic Examination of Flotation Products.—Samples of flotation
products from tests Nos. 15, 19, and 24, were sent to the Mining Corpora-
tion of Canada, who submitted same to Prof. Alfred Wandke, for micro-
sce(l)pic examination. A copy of his discussion and conclusions is given
below:— : .

Discussion or Resurrs.—The microscopic examination of the flotation products
of Flin Flon ore was made on the following types of products:—

Copper concentrates, copper middlings, zinc concentrates, zinc middlings, and tails.

The examination was made with the following objectives in view:—

1. To study the degree of liberation of the various minerals of these products after
being ground and floated.

2. To determine whether even finer grinding would be necessary to further liberate
thtzl various minerals, and so effect an even higher coneentration of both copper
and zine. .

3. To see whether any mineral was present in the various products that might.
account for the gold and silver content of the ore, and whether finer grinding.
might aid in recovering the precious metals. .



| Prate VIII

Copper concentrate from Flin Flon sulphide ore, x 100

200 mesh

Face page 110,









Prate XI

Zinc concentrate from Flin Flon sulphide ore, x 100

200 mesh
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Degree of Liberation.—The examination showed that each of the three chief sulphide
minerals of the ore—pyrite, chalcopyrite and sphalerite—occurs for all purposes practically
free from any other sulphide or gangue minerals. In examining the copper concentrates
fully 90 to 95 per cent of the particles present occur uncontaminated. The remaining
5 to 10 per cent occur intergrown with either pyrite and sphalerite in such fine division
(minus 400 mesh) that further grinding would be impracticable.

The zinc concentrates showed the sphalerite to be practically entirely liberated, the
copper and iron present being largely accounted for by grains of chalcopyrite and pyrite.

In the middlings from both the copper and zinc concentrating experiments the con-
taminating sulphides, whether chalcopyrite, sphalerite, or pyrite are present in free grains.
The middling products thus show an imperfect separation. Regrinding of the middlings
would be unnecessary to cause further liberation of the chalcopyrite or sphalerite as the
case may be.

In the tails the chalcopyrite or sphalerite are both present largely as well liberated
grains, only a minor portion of either chalcopyrite or sphalerite occurring locked up in
the pyrite. Further grinding, it seems, would hardly liberate this locked up material for
it rarely equals 400 mesh in size.

Would Finer Grinding Help the Degree of Liberation.—As stated above, the various
sulphide minerals occur remarkably well liberated in the various products. Much of the
material already ranges well below minus 200 mesh in size, and it would hardly seem
feasible to even consider finer grinding because of the prohibitive cost.

Occurrence of the Gold and Silver.—Each of the products was scrutinized with great
care to see if any clue could be obtained as to the occurrence of the gold and silver. No
mineral was detected that would indicate the presence of gold and silver. It is concluded,
therefore, that these precious minerals occur in a state of extreme subdivision and will
probably defy concentration. They apparently occur associated with either the chalco-
pyrite, the sphalerite, or the pyrite. Thus the microscopic examination substantiates
what the assays had already indicated regarding the occurrence of gold and silver in these
ores. .

CONCLUSIONS

1. The study of ore specimens had already indicated that this Flin Flon ore would
have to be very finely ground in order to selectively concentrate either the chalcopyrite
or the sphalerite. The fotation products show that the requisite degree of fine grinding
was carried out for but a very minor amount of composite grains are present.

2. In the ore specimens no clue was found which would suggest the possible occurrence
of the gold and silver. In the products the gold and silver still defy detection. )

3. Since the gold and silver form necessary recoverable values in this ore, it seems hardly
likely that any scheme of preferential flotation will permit the recovery of these precious
metals. The reasons for this statement are as follows:—

(a) As judged from their appearance under the microscope the various sulphide grains
seem to be at least 60 per cent through 200 mesh in size. This crushing has liberated the
various sulphides to a remarkable degree. The composite grains show the enclosed
sulphide particles to be well under 200 mesh in size, and hence of a size that wil defy
liberation by grinding.

(b) The assays seem to indicate that the gold and silver occur more or less indifferently
with either the chalcopyrite, the sphalerite, or the pyrite. Hence flotation merel™ separates
the chief sulphide minerals of the ore and leaves the gold and silver almost equally dis-
seminated in each.

4. It would appear, therefore, that the treatment of this ore must be accomplished
either by direct smelting or by a roasting and leaching process.

49130—3}
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RoasTiNGg AND LEACHING TESTS
Roast No. 1

Roasting.—A sample of 100 grams of ore, 200 mesh, was roasted in an
electric muffle furnace (multiple unit type) under the following conditions
and with the following results:—

The 100 grams was spread over an area of 8"’ X 3, doors were kept
closed during roast, except when charge was hand rabbled, and only inlet
for air was §"’ circular hole in front door, and possibly to a slight extent,
space around the door.

A suction was applied to rear door to draw off excess SO; gas, and also
to create a slight in-draught of air to assist in slow oxidation of sulphur.

Temperature observations:—

10 a.m. (15 mins. after placing charge).......................c.. el 300°C.
D {1 11 - 0 350°C.
B 100 < N 400°C
b 81 00 R 440° C
12,00 MOOM. . ottt teeee e enneeisearaceraneracaerarasasrnnannans 450°C

This temperature maintained until 3 p.m., and then increased gradually
until 4.30 p.m., when temperature reached 650° C. :

Charge withdrawn at 4.30 p.m,

Time of roast, 63 hours.

Charge showed a loss in weight of 16-5 per cent.

Temperature range, minimum 300°, maximum 650° C.

Rabbling was performed every half hour.

Leaching.—Two gram samples were leached at a point below boiling
temperature for 1 hour. Head samples run as in standard analysis:

Results of coarse material:

%o Yo
Head sample Cu...ovoeevveennt 2:35
Water soluble Cu............... 0-58—extraction.........coevvnvnn.nn 24-7
HjSO¢soluble Cu... ettt 2-19—extraction.........ococvevinnn. 93-2
Head sample Zn................ 6-75
Water soluble Zn............... 4-36—extraction...........ccoivnnnn 64-6
H,SO¢soluble Zn............... 6-12—extraction.......ocoverennannns 90-7

Inséluble residue from 4 p.c. acid leach, 65%
Heads SQ; in sample, 10-50%

Dry ground, about 200 mesh:
% : %
Water soluble Cu............... none
H:SO¢soluble Cuue..eenenennnn 2:10—extraction.......o.oveinerinnn. 89-3
Water soluble Zn............... 4.10—extraction.......ooevvnveaiannn 60-7
H,SO¢soluble Zn............... 6-4 —extraction................. vee. 948

Insoluble residue from 4%, acid leach, 59-609,—Fe. 55-25%
Sulphide S, 0-4%—Total 8. 4-60% 7 ’
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"Roast No. 2

Roasting.—Sample of 100 grams 20 mesh ore roasted in E. M. furnace
under following conditions and with the following results:—

General conditions similar to test No. 1, with exception that front
door of furnace was left open slightly (3") to allow a current of warm air
to pass over material. Suction applied at rear end of furnace to an extent
that no sulphur fumes could be detected coming out of front door. Rabbled
every half hour.

Temperature observations:—

Starting temperature, 9.308.M. ..o viiiiiiiiiii i 450°C
b 011 V0« + 475
10,30 800 0ee v iie e et it e 480
11,00 8.0, 1eu it iee et eeeranieanara e eanes 500
11.30a.m..... 550
12.00 noon.... 585
b5 11 15 < 610
Roast withdrawn at 12.30. Time of roast, 3 hours.
Temperature range, min. 450°, max. 610° C.
Charge showed a loss in weight of 17-5 per cent.
Leaching.—Method same as in test No. 1.
Results on coarse material:
% %
Heads—Cu......coovvnenenanns 2.35
Water soluble Cu............... 0-36—extraction..................ue. 15-3
N 49, HaS8O4 soluble Cu............ 2-18—extraction..................... .93-0
Heads—2Zn.......oe0vvennnnnns 6:77 .
Watersoluble Zn............... 3-95—extraction..................... 58:34
4% HaSO4soluble Zn............ 5-50—extraction................. ... 81-24
Total S...oiveneeeniiiii s, 4-94
Sulphide S.....coovvvveeaennenn, 1-15
SOsinsample.................. 9-50

Fine dry ground: :
49, HaSOq4 soluble Cu............ 2-15—extraction...
49, HsSOq soluble Zn............ §-20—extraction.......

A sample drawn at 11 a.m. gave the following analysis on leaching: —

% %
Water soluble Cu............... none
4%, H3S0, soluble Cu............ 1-25— extraction...........oovvevenen 5360
% %
Water soluble Zn............... none
49, HsSO4 soluble Zn............ 2-65—extraction............. ceeees .o 39-14

SUMMARY AND CONCLUSIONS

1. Concentration of the Ore.—The results of the experimental work
show no difficulty in the concentration of the chalcopyrite by preferential
flotation after grinding to 200 mesh. A copper concentrate is obtained
as high as 15 per cent copper with a recovery of 85 per cent of the copper



113

values in the ore. There is no reason to doubt, as far as the copper is
concerned, that these results could be obtained in practice, and it is
reasonable to assume that better results would be obtained with experience
and manipulation after operations have progressed for some time.

The results also show that a separation has been made of the chal-
copyrite from the sphalerite, pyrite, and gangue, and of the sphalerite
from the pyrite and gangue. A zinc concentrate, 40 per cent zinc, with a
recovery of 50 per cent of the zinc values, has been obtained. Before
conclusions can be drawn on this separation as to its feasibility in practice,
the installation of a pilot plant at the mine would be necessary.

When consideration is given to the market conditions with respect
to zine; to the low zinc content in the ore; to the more or less difficult
metallurgical treatment; to the cost of production; and to the location
of the property, it is doubtful if the recovery of zinc from this ore would
be a commercial possibility for some years to come.

The results of the flotation tests show that the gold and silver values
are evenly distributed in all the sulphides. If these values were confined
to the chalcopyrite, there would be no doubt. as to the adaptability of
concentration by flotation to this ore, and this process would be the solution
for the treatment, followed by subsequent smelting of the flstation con-
centrate. As the ore contains precious metal values of $2 per ton, and as
only a small proportion (about 20 per cent) is recoverable in the copper
concentrate by flotation methods, the recovery of these values. or the greater
proportion of them, is necessary for a satisfactory metallurgical treatment.

Cyanidation of the flotation tailing has shown that the precious
metal values can be extracted, but at a cost that would prohibit the use
of this process.

2. The Hydro-Metallurgical Treatment of the Ore.—The results of the
small laboratory roasting and leaching tests show good extractions of the
copper and zinc. These small tests are, however, not conclusive with
regard to the feasibility of this process as applied to the ore. To obtain
reliable data, tests should be conducted in a small plant over a period of
time of at least two weeks, 80 as to obtain conditions approaching practice.

This process would also have to be supplemented by an additional
one for the recovery of the precious metal values, as they would report
in the residues from leaching operations, and as before stated, any satis-
factory metallurgical treatment must include the recovery of these values,
it is extremely doubtful if a wet metallurgical treatment could be success-
fully applied.

8. Pyritic Smelting, with Subsequent Reduction to Blister Copper.—
This seems to be the only satisfactory treatment for the sulphide ore.
Some trouble may be experienced, on account of the zinc content in the
ore, in obtaining a fluid slag. However, this difficulty can be overcome
by proper mixing of the ores so as to keep the zinc coatent as low as possible,
around 3 per cent. This method of treatment will result in a high recovery
of the copper, with practically a total recovery of the precious metal
values, and appears to be the process most adaptable, from a commercial
standpoint, for the successful treatment of the Flin Flon sulphide ore.
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®3)

THE CONCENTRATION OF GRAPHITE FROM THE
NORTH AMERICAN MINE

C. S. Parsons

Considerable experimental work hag been conducted in the Ore
Dressing and Metallurgical Laboratories on graphite ores from different
. points in the Dominion. The introduction of the oil flotation process
has made radical changes in the treatment of. graphite ores. The old
methods have been for the most part abandoned, for this newer process
simplifies operations, with the production of hlgher grade products, and
with a ‘much higher recovery of the graphite in the ores.

In the Summary Report of the Mines Branch for 1919, under Test
No. 126 of the Ore Dressing and Metallurgical Laboratories, a deseription
is given of the experimental work conducted on a large shipment from the
Quebec Graphite Company, Buckingham, Que. In this case a process
was worked out which was later put into practice by the ingtallation of a
new mill by the company. This mill was very successful in {reating
their ore following the methods outlined by the Department. The test
work conducted on graphite ores can be found under Tests Nos. 85, 102,
and 103 of the Summary Report for 1918, Tests Nos. 113 and 126 of the
Summary Report for 1919, and Tests Nos. 129 and 139 of the Summary
Report for 1920, This work has been largely instrumental in the intro-
duction of more advanced methods of freating graphite ores.

Test No. 143

A 41.5 pound sample of graphite ore was received January 3, 1921,
at the Ore Dressing and Metallurgical Laboratories from Mr. H. P. H.
Brumell, of Buckingham, Quebec. The ore was from the North American
Graphite mine, Buckingham, and consisted of graphite flake of a fair size
in a gangue mainly of calcite and pyroxene, with small amounts of mica
and iron pyrites.

A few specimens were selected from the sample and the balance was
crushed down gradually, with frequent screening, in a small jaw crusher
and a small get of rolls, until it all passed through 10 mesh. A head sample
was cub out of this —10 mesh material, which gave upon aunalysis, 13-40
per cent carbon.

Concentration tests were desired to determine the possibility of
recovering & high percentage of the contained carbon in the form of a high
grade coarse flake. Tests were conducted, using flotation, and in some
cages concenfration on tables was used in conjunction with flotation.

Test No. 1.—Five hundred grams of ore, —10 mesh, were floated
in & small Ruth flotation machine, making a concentrate and tailing. The
tailing was dewatered, ground 20 minutes in a small pebble jar, and
floated again in the Ruth machine. The concentrate from the first
flotation was tabled on a small Wilfley table, making a concentrate and
a tailing. The following table shows the products and the results obtained:




Weight Per cent C.
Product grams Per cent C.| Grams C. “values
Table conc....... e eereree e eeeeeeaaaas 130 43.65 56.74 | 86-9
Table tails...eeiiiiiiiininiieniinerieninennen . 69 8-20 5.66 8:6
Flot. CONCuiiierserinrereranensnseseennsninnes 20 940 1-88 2.9
Flot, tails. . .oveniinineiiiiniinenennnnennnnes 275 0-38 104 1.6
' 494 65-32

Heads.oiiviieieiniinineeninneaasninns 500 13-40 67-00 100-0

Test No. 2.—Five hundred grams of ore, —14 mesh were floated in a
small Ruth flotation machine. The concentrate from this flotation was
tabled, making a concentrate and a tailing. The table and flotation
tailings were mixed, dewatered, ground in a pebble jar for 20 minutes, and
floated in a Ruth machine. The concentrate from this operation was
tabled. The following table shows the products and results obtained:—

Weight Per cent C.
Product _ grams | Per cent C.| Grams C. values
18t table ConCu. et i iiiiiiii e ' 126 45.70 57.58 85.8
2nd table conc.....oviiviiiiii i 27 29.05 7.84 11.7
Table tails. i iiir vt e iiiienenrieenns 41 2:60 1.07 16
Flot. tails. . veiiiiiiiiniiiiin e cans 284 0.22 0-62 0.9
478 67-11 '
Heads. ivieeeniiiiieieriiinrneenrnnns 500 1340 6700 100.0

Test No. 3.—Five hundred grams of ore, —20 mesh, were treated in
the same way as the ore used in test No. 2. The following table shows the
products and results obtained:— ’

. Weight : Per cent C.

Product . grams |Per cent C.| Grams C. values
Ist table ConCuiiviii i inriieiiiiieniiannnn. 143 13-25 61-85 88-5
2nd table COnCuuvirieiir e ieiierieienerneenanns 20 N-25 6-05 8.7
Table tails.cveiieieiieiiiiniiieieieiinanennn. 22 2.86 063 09
Flot, tails...oovoeviiiiiiiiiiiiiiii, 203 . 046 1.35 1.9

: 478 6988

HeadS iviiiiieerieiineiinnennaniens 500 13-40 67.00 100-0

Conclusions derived from Tests Nos. 1, 2 and 8.—The results of these
tests show that while recoveries are good, and the tailings low in carbon
content, the grade of concentrates produced is very low, due no doubt
to the fact that the graphite flake is not entirely freed from the gangue
material. In order to raise the grade, further grinding is necessary, and
test No. 4 was conducted along this line.
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Test No. 4—One thousand grams of ore, — 10 mesh, were floated in a
small Ruth flotation machine, the tailing was ground in a pebble jar for
20 minutes and floated again. The concentrates from both operations
were mixed and ground in a pebble jar for 20 minutes, and then floated.
The flotation concentrate was tabled on a small Wilfley table, making a
concentrate and a tailing. The table concentrate was dried and sereened
on 80 and 150 mesh screens (Tyler). The following table shows the
results obtained:—

Product Weight Per cent Grams Per cent
grams C. C. C. values
Table cone. 480........ . 140 73-40 102-76 735
Table cone. -4-150... 40 39-80 15.92 11
Table cone. —150. .. 24 44.05 10-57 <75
Table tails........... 55 1100 6-05 4.3
Flot.midds........coovvviiiiiieiininenninen 181 1-90 3.44 25
Flot. tails. e ueivinnnieneeniiinosnenrnns 547 0:20 1-09 0-8
~ 987 139-83
2 T ' - A : 1,000 13-40 134-00 100-0

Conclusions derived from Test No. j—A high percentage of carbon
values is recovered in the form of coarse flake, but the grade is not as high
as could be desired. More regrinding is necessary. A further test was

“made, the details of which are given under test No. 5.

Test No. 5—One thousand grams of the ore, which had previously
been crushed to 10 mesh, were ground in a small ball mill until practically
all the gangue would pass a 20 mesh sereen.

Flotation was employed for the separation of the graphite from the
gangue. The oils used were kerosene, which was added to the ball mill,
equivalent in amount to one pound per ton of ore, and pine oil, which was
added to the flotation machines as required to form a desirable froth.
Further pine oil and coal oil was added from time to time in recleaning
the concentrates. The following method of procedure was carried out:—

The ore was floated, making a rougher concentrate and low tailing.
The rougher concentrate was dewatered and ground in a pebble mill,
refloated, making a second concentrate and 4ailing, The second con-
centrate was dewatered and reground in a pebble mill, refloated, making
a cleaner concentrate and tailing. The cleaner concentrate was screened
on 65 and 150 mesh. All tailing products and the final concentrate were
dried, weighed, sampled, and analysed. The results of this test are given
in the following tables:—

Analirsis Content | Percentage
Products Weight per cent grams of C.
. grams. C. C. values

Cleaner concentrate 145 87-90 127.46 92-7
Rougher tailing..... 674 0-35 2-36 1.7
Second tailing...... 120 2:53 3:04 2.2
Cleaner t8iling.....covvvvvvnveinireeninnna.n. 49 9.54 4.67 34

Heads...ooooviveriiirnieiniiennaans. 1,000 1375 137-50 100-0

Nore.—The second tailing could be discarded or returned to the circuit. The cleaner tailing
would bg returned to the circuit, or treated separately, and a percentage of the carbon values
recovered.
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SCREENING OF CLEANER CONCENTRATE

| Percentage | Analysis Content Percfexétage
of C.

Products Weight of ~ per cent grams
grams weight C. C. values
A B5mesheuue, . iuininiininnss. 68 46+9 94.40 6419 46-7
—65 +150mesh.....viveienninnn, 41 283 00-25 37-00 269
—150 mesh..coviviriiienenrennnns 36 24-8 7310 - 26.32 19-1

Totals....... eesebsastans S 100-0 87-90 127.46 92-7

Summary of Results—One ton of ore contains and yields the follow-
. ing products:—
Content: 2,000 pounds at 13:759, C. =275 pounds of carbon.
Products: 290 pounds of concentrates at 87-99% C.
of which 1386 pounds is 65 mesh material at 94.409, C.
' 82 pounds is —65 4150 mesh material at 90-259, C
and 72 poundsis —150 mesh material at 73109, C

CONCLUSIONS

The above test shows that a high grade graphite concentrate can be
obtained without difficulty with a high recovery of the contained carbon
values; that the screened products are of- excellent grade; that a good.
percentage is recovered as coarse flake; that in order to obtain these
results regrinding is essential to free the flake from attached particles of
gangue.

These results have been obtained from a small test under the most
favourable conditions. Whether similar results can be obtained. in practice
is problematical. The grinding action in large mills may have the teadency
to destroy the coarseness of the flake much more than in the- treatment of
the small lot of this test. '

@

THE CONCENTRATION AND SEPARATION OF THE MINERALS IN THE
LEAD-ZINC-SILVER ORES OF KIMBERLEY, B.C.

C. S. Parsons and R. J. Traill

. Methods and processes for the concentration and separation of the
minerals in the ores of the Kimberley district, B.C., have been the subject
of investigation and research for a number of years by the Consolidated
Mining and Smelting Company of Canada, Trail, B.C.

Improvements have steadily advanced to a stage where the difficult
ores of the Sullivan mine can be successfully treated by differential flotation,
resulting in marked recoveries of the lead and zine in these ores.

The following tests were made on ores from the North Star mine, on
the carbonate ore from the upper portion of the ore-body, and on the
sulphide ore found at greater depth. The carbonate ore consisted chiefly
of lead carbonate, coated and locked up in a mass of iron oxides, formed
by the oxidation of iron sulphides. The sulphide ore was an intimate
mixture of lead, zinc, and iron sulphides, the gangue minerals representing
less than 10 per cent by weight of the ore.
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Test No. 144

A shipment of 370 pounds of lead carbenate ore was received at the
Ore Dressing and Metallurgical Laboratories, January 26, 1921, from the
North Star mine, Kimberley, B.C.

The ore consisted chiefly of lead carbonate, coated and locked up in
a mass of iron oxides, formed by the oxidization of the iron sulphides, and
gave an analysis as follows:—

Lead (PDh)ee veviererssssonseosoinessrosnisascinsasnoeens 10-85 %,

BT 611 T P 14-30 ¢ Tes0s 20-45%
Alumina (AlLO3s) 4.55 «

SHIVET (AZ) s e ererernrsnsrsrnrseonsosasosssosscssssasrones 6-55 oz. per ton
Moisture (HzO) veruerurreirmirrnrierinrarsiosansnsisaes 3-60%

The object of. the experimental work was to determine a method of
concentration for the ore. A number of small scale tests were made by
sulphidizing the lead carbonates and oxides for flotation, using gravity
concentration on tables, and by the chloride volatilization process.

A series of tests were first conducted using a combination of flotation
and table concentration. In these tests the table tailings were sulphidized
with sodium sulphide before flotation. It was thought that a long contact
with the sodium sulphide was necessary, but later it was found that much
better results could be obtained by allowing the ore only a short contact
with the sulphidizing reagent before flotation. The results of two of the
first series of tests are given below:— '

Test No. 4—One thousand grams of ore cruched to 60 mesh was
agitated for 30 minutes with 20 pounds per ton of sodium sulphide salt,
NasS. 9H,0. It was floated and the flotation tailing tabled. The follow-
ing other reagents were added:—

Sodaash........oovvviiiinnnn., 1 pound per ton
Coal tar creosote.......ccvvvvnnn. 4 «
Pine oil Wo. 5 G.N.S).......oet 0-4 “
Recov-
Product Weight Pb. Ph. ery Remarks
grams | per cent | grams of Pb.
TFlotation conc.vvvus. ... 149 31:36 46-71 45.4 |74-4 per cent recovery assums-
“ midd 191 7:80 14-90 14-4 ing that 70 per cent of the
Table cone,..... 44 44.27 19.48 19.0 lead in the middling would
“  tailing 360 3:15 11.34 11:0 report in the concentrate.
“  glime 179 5:86 1049 10:2

Test No. 9—One thousand grams of ore crushed to 100 mesh was
agitated 1% hours with 10 pounds per ton of sodium sulphide salt NasS.
9I,0. It was floated and the flotation tailing tabled:—

Recov-
Product Weight Pb. Pb. ery Remarks
grams | percent | grams. of Pb. ”
Flotation conC.....v.... 155 40-35 62:56 57.6 {79 per cent recovery assuming
“  midd......... 171 7-25 1244 11:4 that 70 per cent of the values
Tabloconc....ocvvvees. 43 34-33 14-8 136 in the middling would report
“  tailing....ee0enn 631 2.98 18-8 17.4 in the concentrate.
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A second series of tests were conducted, varying the time of contact
with the sulphidizing reagent, and the strength of this reagent used. The
strength of solution used is given in terms of Na,S. (Note.—The commercial
salt contains varying quantities of water.) The results of these tests, and
reagents used, are given in the tables following.

The procedure followed was to grind the ore wet in a ball mill to 200
mesh, dewater, and pass through a filter press. The solution of sodium
sulphide made up to strength required was then added to the cake, and
the two agitated together for a certain length of time. ‘It was found that
the sulphidization of the lead particles, which were free and exposed to the
action of the reagent, took place almost instantly, and were easily recovered
by flotation. The recovery of the silver values was much more difficult,
a maximum of 40 per cent was the best that could be obtained.

In test No. 30 a strong solution of sodium sulphide was left in contact
with the ore for 15 minutes. The solution on being tested showed no free
NazS. The recovery of the silver values was no greater than when the
weaker solution was used for shorter periods of contact. It was also found
that the lowest tailing carried 3 per cent lead. The difficulty in obtaining
high recoveries of the lead and silver values seems to be due to the physical
characteristics of the ore. The particles of lead carbonate and the silver
values, in whatever form they oceur, seem to be locked up in a mass of iron
oxides, which completely film them. Wet grinding to 200 mesh is necessary
to remove as much of this coating as possible, and even at this fine state
of division the minerals are not entirely freed, but remain enclosed in the
film of iron oxide. This was demonstrated by taking 1,000 grams of the
ore, grinding and tabling successively by stages until a fineness of 200"
mesh was reached. It was found at this stage of crushing that no more
lead was freed to report as concentrate on the table, and the tailing at this .
stage gave an assay of 3-5 per cent lead.

A recovery of between 70 per cent and 80 per cent of the lead values,
and 40 per cent of the silver values, seems to be the maximum that could
be expected by the combined method of sulphidizing for flotation and
tabling the flotation tailing. The control of the sulphidizing condition
seems to be simple, gives uniform results, and the above recoveries should
be obtained quite readily from the ore as submitted for test purposes.

CHLORIDE VoLATiLIZATION TESTS

Two small tests were made to determine whether this process was
applicable to the ore. The results obtained, as to recovery of the lead
and silver values, were practically the same as those obtained by flotation
and tabling.

Test No. 1*
ABSBY Of OTC. 1 vvenenirinaenineereannns Silver, 6:550z........... Lead, 10-85 %
Assay of tailing.......oooviieiiiiiiianes Silver, 4:6102z........... Lead 3419
Volatilized....cooviviivivninineenennens Silver, 35:30 %.......... Lead 704 9,
Test No. 2:
Assay of ore........ et Silver, 6:5502..cc0vvenns Lead, 10- 85% ‘

Agsay of tailing,..ooovvvieiviiieiiennnes Silver, 5:060z........... Lead, 480
Volatilized...oooovvveiiiriineinnniannans Silver, 2900 %.......... Lead, 58-70 ‘7?



Reagents Used

Test No. Strength of solution in Time Oils used - Remarks :
. dry NacS salt
b2 N 2-20 gramsin 3500 c.c. 15 mins. IO% C.T.;80% C.T.C.; 10% pine oil—
1 CCureecincaannnnanns .|Too much frothing oil.
“ 1,000 “ 15 ¢ [Same as test No. 25—1
“ 2000 « 15 “ [109% 1-B;80% C.T.C.; 10% C.T.; and
enough crude turps—l CCrvranrnen
“ 2000 ¢« 15 “ [Same as test No. 27—1 c.c.. .
“ 4000 15 “ [Same as test No. 28—1-5 c. c.. .
« 3,000 “ 15 “ |Same as test No. 29 ................. .
« 3,000 * 3 “ [Sameastest No.20................. Added solution directly in cells. .
“ 3000 3 “ [10% B-14; 20% C;T.; 70% C.T.C... Sollutllgg ai(_idgg directly to cells. Very high grade
ooking fro
« 8,000 « 5 ¢ |Sameastest No.32...........c0nn.. NaoS solution added dxrectly in cells. Very high
gradé looking froth.
“ 3,000 “ 5 “ |X-Y reagent—0-25 c.Covriiiiniannnn. Na.S solution added directly in cells. Very watery
looking froth and voluminous.
« 3,000 * 5 “ [10% B—14' 20% C. T 70% C.T.C.,|Quite & heavy good froth. This sample was only
5}1 e turpe crushed for 15 minutes.

« 8,000 - 5 “ (10 B-14 20% (% T.; 70% C.T.C—|This test ground very fine for two hours. Fine

looking black froth.

021




Results of Tests

T. . CONCENTRATE MippuinGg TAmING
es
No. Weight Assay Content 9 Assay Content Assay Content 7
grams of 1gb Weight % | Weight of 1§’b
Pb. | Ag. | Pb. Ag. values | &rams | Pb. Ag. | Pb. Ag. | of Pb. | grams | Pb. | Ag. | Pb. Ag. values
% | ozs. | gms. |gm.-ozs. % | ozs. | gms. |gm.~0zs.| values % | ozs. | gms. |gm.-0zs. 3
b TP 99| 39.75|...... 39-4|........ 37-4 B EC1 I 231 (RN P PRI FPURR OSSR IR SUUDE FUDUTE SUSUURI IR
bR 189) 317 [...v.ufeendnnentn, LHEY] RS S PO PRTRUR FRORE FRDSROR IR SRR IO IO PSR IR
27... .119} 53-35| 11-06] 63-5]........ 58-9 132] 8-96]...... 118 |........ 10-0; 712| 4-70|...... 33:5[...nnnnn 31-1
b2 I 96} 50-7 |...... 487 ceun.n 44.8 162} 10-0]...... 16:2 |........ 228 ] ORI PRI DY P P PO
20ieiiainn. 131} 465 |...... 60-9{........ 56-2 202] 8-5]...... 17.17(........ 5131 (R IR PRRS SUUNN PRI R
30ueeeen.n.. 134 49-6 | 10-36] 66-5] 1,393:6 61-2 86 13-2{...... 114 ]........ 10-3 780 3-97(...... 31-0f........ 28.5
Bleenenns 148| 51-8 {......| 76-7}........ 70-5 1731 6.4f...... 11-1 J........ 10-2 6791 3-10|...... 21-0)........ 19-3
32ueeennnnnn 142| 535 {...... 76:0[........ 70-0] 129 7-0...... 9.0 |........ 8-3 761} 3-20f...... 24-41........ 21-8
33... 125 59-8 {...... 748|........ 68-9 86| 7-9...... 6-8(........ 6-3 816 3-3{...... 26-9]........ 24.8
... 91f 56-8 51-7 46-4/ 47-6 110 13-3| 8-96| 146 |........ 13-5 815! 5-18f 5-4 | 42-2] 4,401 38-9
35... 113} 61-5 | 19.6] 69-5] 2,214-8 63-8 59 7-5 6-7] 44 |........ 4.0 856! 4-1| 4-0| 35-1 3,430 32-2
36u0eeninn.. 134( 50.3 | 16 67-4f 2,1 61-7 168 8.9 74| 149 |........ 13-5 732} 3.7 4-28] 27-1 3,130 24-8

121
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Test No. 145

A shipment of 851 pounds of lead-zine sulphide ore was received on
January 29, 1921, from the North Star mine, Kimberley, B.C.

The ore consisted of lead, zine, and iron sulphides, and a siliceous
gangue. The sulphide minerals represent about 90 per cent by weight,
and the gangue about 10 per.cent. The analysis of the ore was as follows:—

B 0 ) D 18-00 "?‘{,
A 1T /5 ) DS 30-45 «
Tron ()., ve et e e 15-60 .
Bilica (S102).1ueiivniiiiitiiiiiiiiii e 7:50 «
[SHS 0V DN 13-65 ozs.

The object of the experimental work was the separation of the sulphide
minerals by preferential flotation, producing a marketable lead and zine
product.

A number of small scale tests were conducted, using oils, and the
Callow Alphabetical flotation reagents. The results of the experimental
tests, and the reagents used, are given in the following tables:—

REAGENTS USED

Test No. 1:
Flotation of lead—
2 pounds per ton Selecto added to ball mill.
5 pounds per ton lime added to ball mill.
Small quantity of steam distilled pine oil,
sufficient to produce a good froth, added to cells.
Flotation of zinc—
Lead tailings were dewatered.
5 pounds soda ash added to cells.
2 pounds No. 34 gravity fuel oil (Great Western Oil Co., Cleve-
land, O.).
Pine oil to froth.

Test No. 6:
Flotation of lead—
2 pounds per ton Selecto added to ball mill.
6 pounds per ton lime added to ball mill.
Small quantity of pine oil, sufficient to produce a good froth.
Flotation of zinc—
Lead tailings were dewatered.
6 pounds soda ash added to cells.
1 pound copper sulphate.
Pine oil to froth.

Test No. 7 :
Flotation of lead—
2 pounds per ton Selecto added to ball mill.
6 pounds per ton lime added to ball mill,
0-25 pound per ton Z-cake added to ball mill.
Small quantity of Aldol used as frother,

AN
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Flotation of ztnc—
Lead tailings were dewatered.
6 pounds soda ash added to cells.
1 pound copper sulphate added to cells.
0-3 pound X-Y mixture,.
Test No. 8:
Flotation of lead—
3 pounds per ton Selecto added to ball mill.
8 pounds per ton lime added to ball mill,
4 pounds per ton NagS (dry) added to flotation cells.
0-3 pound per ton pine oil.
Flotation of zince—
Lead tailings were dewatered.
6 pounds per ton soda ash added to cells
2 pounds per ton copper sulphate added to cells.
2 pounds per ton No. 34 gravity fuel oil.
Test No. 9:
Flotation of lead—
4 pounds per ton Selecto added to ball mill.
8 pounds per ton lime added to ball mill,
0+25 pound per ton Z-cake added to ball mill.
8 pounds per ton NagS added to ball mill.
Flotation of zinc—
Lead tailings were dewatered.
5 pounds per ton soda ash added to cells. .
1 pound per ton copper sulphate added to cells.
0-3 pound per ton X-Y mixture added to cells.
Test No. 10:
Flotation of lead—
2 pounds per ton Selecto added to ball mill.
5 pounds per ton lime added to ball mill.
0-3 pound per ton No. 5 pine cil added to cells,
Flotatton of zinc—
Lead tailings were dewatered.
5 pounds per ton soda ash added to cells,
2 pounds per ton copper sulphate added to cells.
1 pound per ton No. 34 gravity fuel oil.
0-1 pound per ton No. 5 pine oil.
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1
Results of Tests
. Anaglysis Content Percentage of values
est Flotation products Weight in heads
grams Pb. % Zn. % . 0z8. | Pb.gms.| Zn. gms. | Ag. gm.-
ozs. Pb. Zn. Ag.
1 223 60-3 8-5 42-00 134.47 18-95 9,366 76-2 6-5 69-6
545 7-0 45-9 6-60 38-15 250-15 8,597 21-6 86-6 26.7
232 1-6 85 2-10 3-71 19.72 487 21 6-8 3-6
1,000 17.63 2888 13.45 176-33 288-82 18,450 99.9 99.9 99.9
6 342 38-0 225 ..., 129-96 7695 [.......... 74-3 257 |oeveinnan
459 8.3 440 |o..iian... 38-10 201-96 [coviinnnn. 21.8 674 [ceeenenenns
208 3-2 10-0 [.......... 6-65 2080 [.....ou.en 8- (i1 N I
1,009 17-47 2997 |.......... 174-71 20971 |.......... 99.9 1000 |oeveninnnns
7 |Lead concentrate..... 879 42.2 22.8 159-94 86-41 |.......... 86-8 20:4..........
Zinc concentrate...... .. 430 4.8 4.7 20-64 192.21 |0l 11.2 6541..........
E:R 1517 SN 195 1-9 7-9 3.70 1540 |...oviian 2-0 52100t
Heads...oooeviinieonanacanns 1,004 18-35 2928 {.......... 184.28 204-02 |...ooonne. 100-0 1000 §..........
8 |Lead concentrate............. 245 5373 1852 [.vvvuennn. 181-64 8312 |.eeninn. 72-9
Zinc concentrate.......o..... 554 8-14 45-67 f.......... 45-10 25804 {.......... 25-0
Tailingee. e iieieenearennnnnns 205 1-83 478 [...ooil 8:75 9.70 {.......... 2-1
Heads,.ooviiieneaenrionanees 1,004 17-98 2947 ..ot 180-49 29586 [......un 100-0
9 jLead concentrate............. 301 43.65 16-59 [.......... 181-39 49.94 |.......... 80-4 LT IR
Zinc concentrate..e....ouuie. 452 5-76 48-51 [....co..l. 26-04 21927 .. ...l 15-9 784 |.c.ienn...
Tailing. .. veeeeeeienareneanann 258 2:30 b Y: A IR 5.93 2959 [..ouiiann.. 3-6 99 |iieinn
Heads..oovaiiiivenrinaneenns 1,011 16-16 20455 f..uiiiinns 163-36 208:80 [..ueunnnn 99-9 1000 [..........
10 |Lead concentrate............. 255 59.83 1415 f.......le 15257 3608 [.......... 812 3 I3 I RN
Zinc concentrate.ceneacnan... 477 5-60 4968 |.......... 26-71 286-97 |.......... 14.2 785 ..t
Eoh1 b T O 275 3-16 10449 {.ovennnn.. 8.69 2885 [...ounennn 4.6 96 |oeiininnnn
Heads.iooieeaiaeareneasnenas 1,007 1866 2998 |.veeunnnnn 187.97 301-90 |.......... 100-0 1000 |..ovunennn

Nors: Iron content in zinc concentrate test No. 1, was 12:3%.
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SUMMARY AND CONCLUSIONS

From the foregoing table of results it has been determined that the
sulphide mineral constituents of the ore can be separated by preferential
flotation, and satisfactory lead and zinc products produced with a good
recovery of the values in the ore. No difficulty was experienced in obtain-
ing the separation, provided that fresh ore was used in conducting the
tests. Fresh ore seems to be essential, as is shown by the examination of
the results of tests Nos. 6, 7, 8, and 9. The lump ore received was crushed
to 34 inch, and sampled. A portion was cut out, ground to 20
mesh for test purposes, and used in tests Nos. 1 to 9 inclusive. Tests
Nos. 1 to 5 inclusive were run immediately, and gave uniform results
similar to those shown under test No. 1 in the table. After a month’s
time, further work was resumed on the portion ground to 20 mesh, for test
purposes, and it was found that the results of the preceding tests could
not be duplicated under the same conditions. Examples of this are given
in the results of tests Nos. 6 and 7.

The conclusion was reached that the lead had become shghtly oxidized.
A little sodium sulphide was added, which improved the results, as shown
in tests Nos. 8 and 9. In order to verify this conclusion and check results
“of tests Nos. 1 to 5, a fresh sample of ore was prepared from the 14
inch material, and a test conducted under the same conditions. The results
are given under test No. 10, and check closely with those of test No. 1.

The use of the Alplnbeblcal reagent;s seems to give a better recovery
of the lead, while the oil gives the higher recovery of the zine. In the
tests conducted with the Alphabetical reagents, the use of the reagent
Selecto governs the separation of the lead and zinc. The lime prevents
the iron, and to some extent, the zine, from floating. After the flotation
of the lead the pulp must be dewatered to eliminate the effect of the
Selecto reagent on the subsequent flotation of the zine. "It was found that
to obtain a high recovery of the zingc, it was necessary to use soda ash or
caustic soda. 'The use of copper sulphate was found to be beneficial, but
* not essential. To obtain the best results, the lime should be added in
sufficient quantities when the ore is being ground, before the flotation of
the lead, otherwise it will be found that the iron sulphides will have a
greater tendency to float with the zine sulphides.

* In the tests conducted, the ore was ground wet in a ball mill, to pass -
a 150 mesh screen. It is doubtful if good rosults could be obtained on
coarser material. - .
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(5)
COMPARATIVE TESTS ON COBALT SILVER SLIMES
C. S. Parsons and R. K. Carnochan
Test No. 146

In continuation of the experiments made in 1917 on the use of Canadian
wood oils for the concentration of the values in the Cobalt slime tailing, a
number of experimental tests were conducted on the use of the Rex,
Alphabetical, and other reagents, on a shipment of 2,000 pounds of sand
tailings, received at the Ore Dressing and Metallurgical Laboratories,
February 9, 1921, from the Coniagas Mines, Limited, Cobalt, Ont. The
results of these tests are given in the following tables:—

TABLE I

Results of Tests using Rex Flotation Reagents

Heads Cone. Midds, Tails Cone.
Test No. ozs. Ag, oz8. Ag. ozs. Ag. 0z8. Ag. ratio Recovery
8-08 588 1:26-3 30-8
8-08 6-38 1:44.3 24.3
8-08 4-90 1:23-8 402
8:08 4.44 1:22.7 461
8-08 3-90 1:17-0 53-8
370 2-24 1:144.2 53-9
3.70 242 1:104-4 528

The above tests were run under the following conditions, except where
differences are noted.

Janney flotation machine and Rex flotation reagents used. Five
hundred grams of silver slimes ground to 100 mesh, mixed in pebble mill
5 minutes, agitated in machine 5 minutes, and floated for 8 minutes.

Test No,
41 Ruth machine, 1,000 grama,
42 Ruth machine, 1,000 grams.
43 Ruth machine, 1,000 grams. . )
73 TFour charges run, and concentrates combined and re-run to clean them up, In
re-running, mixed 5 minutes, agitated 5 minutes, and floated for 5 minutes.
74 Same as 73, except that concentrates were floated 10 minutes when re-cleaning.

49130—4%
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TABLE 1I

Results of Tests using Alphabetical and Rex Flotation Reagents

Head sample of shipment assayed 3-48 ounces of silver per ton.

If not otherwise stated, the ore in each of fthe following fests was
crushed dry to pass 60 mesh, and then 1,000 grams charged to a small
ball mill, ground with one part of water to two parts of ore, for 30 minutes.

" Concentrate Middling Tailing
Test Re-agents used, ete.
No. Wt | Assay | Wt. | Assay | Wt. | Assay
gram | oz. grain | 0z, gram |oz. Ag.
"1 |t pound perton X. Y...couvennnn .. L] 19| 148 9 5.02) 893 0-80
2 12 “ soda ash
1 “ D S RN 46 52-70| 128 1.72f 823 0-98
3 4 “ sodn ash
1 “ Y 20 122-4 G1 4-50[ 9013 0-83
4 16 “ soda ash
1 “ XY i 18 7851 91 3-10] 877 1-24
5 |6 “ lime
1 “ XYoo, 32 60-64] 113 240 858 1:70
6 |2 «“ lime :
1 “ oY . b4 42-30 175 1-30] 771 1-28
7 (2 “ soda ash
2 “ Rex No. 12............ 40 19-08] 182 414 756 2:76
8§ 3 “ RexNo,12............ 26 23-22) 134 4-14[ 840 304
9 4 “ soda ash
2 “ Rex No.12............ 36 17-76 158 4:14 794 2-86
10 |4 “ sodium sulphide
2 “ Rex No.12............ 50 [T 7] [N IR 923 3:30.
11 4 “ soda ash
2 “ Rex No. 12
160, € AMMONIBL . veeeiaierniiaarnrann. 27 28-0| 118 322 839 2.58
12 [4 pound per ton soda ash
2 x No. 12 :
lo.c. ammonm..... ...... 45 13-40} 126 4.04] 790 3:34
13 |0-2 pounds Jer ton pine oil.......
. 1:6 T\ creosote......
0:2 - coaloil......... 70 33-04f 143 3.34] 764 0-70
14 |4 pounds per ton soda ash '
1 T O Ol
2 “ Rex No.12......... S
ground sands for 45 minutes....... e 39 17.08] 190 3-38] 751 2.78
15 10 pounds per ton soda ash ‘
Rex No. 12
1 pound per ton soda silicate for reclean- )
ing concentrate. ... .oooveiiiviiiiiinas 49 15-58) 163 3-64) 759 2.96
16 3 pounds per ton sod. hydroxide
. ex No. 12........... 63 13-18] 274 3-02 633 2:82
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THE MILLING OF ASBESTOS ROCK

R. K., Carnochan

The general milling practice for the recovery of the asbestos fibre
from the serpentine rock has not changed to any extent sinee its innova-
tion, It is true that marked improvements have been made, resulting
in more efficient recovery of the fibre, but production of the fibre in market-
able grades has claimed the attention of the operators, and little attention
has been given to experimental work on new processes for the recovery
of the fibre from the rock. While metallurgical practice has radically
changed in connection with the treatment of the metallic ores, no changes
of such a nature have taken place in the milling of asbestos rock.

The general practice for the recovery of the fibre is a dry process.
After as much crude fibre as is economically possible is picked out from
the broken rock in the pits and the dry rock disecarded, the remainder,
the milling rock, is delivered to the mill for the separation and recovery of
the fibre. 'The rock is broken in primary breakers, such as jaw and gyratory
crushers, to about three inch size. It is then dried in rotary or vertical
dryers. From this stage the processis one of breaking the rock to release
the fibre, and at the same time fiberizing or fluffing the fibre, and the
removal of the fibre by suction as the erushed material passes over shaking
tables. This process is repeated until the rock is reduced to such a size
that it contains only very short fibre, the recovery of which is not econo-
mically feagible. The breaking and fiberizing machines used are hammer
crushers, rolls, Simons dise crushers, cyclone and jumbo fiberizers. The
hammer ecrushers, eyclone and jumbo fiberizers were developed in the
distriet as being adapted to the breaking and fiberizing of asbestos rock.
The fibre is collected in fibre collectors, passed through dusters to remove
dust and fine particles of rock adhering to it. It is then passed through
graders, which grade it into the various commercial products. A standard
asbestos testing machine was developed in the district, which is used by
all operators, on which the grades are tested for length of fibre. Shipments
are made conforming to certain tests on this machine.

The investigations carried on in the Ore Dressing and Metallurgical
Laboratories were confined to the use of the conieal ball mill for the crack-
ing of the rock and liberation of the fibre after primary erushing. The use
of the cyclone and jumbo fiberizers in the present practice is found to
be costly as to power consumption and to maintenance and repairs. The
violent action in these machines is also more or less destruetive of the long
* fibre. Shipments were received of both the “slip fibre” variety of rock
from East Broughton, Que., and the “cross fibre” variety from Black
Lake, Que. The object of the experimental work was to determine if
some other types of erushing machinery could not be used for the eracking
of the rock and liberation of the fibre, with less destruction of the fibre
than by the use of cyclone and jumbo fiberizers. In conducting this work
many points of interest were brought out, which are noted under the
description of the investigation.
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It is proposed to carry the investigation further along the lines of
wet crushing of the rock. As one of the chief items of cost, especially in
certain seasons of the year, is that of drying the rock for the present
practice, a considerable saving could be made if a wet process could be
applied, with an improvement of the working conditions in the mills of
the district.

Test No. 147

A shipment of 500 pounds of tailings was received on February 9,
1921, at the Ore Dressing and Metallurgical Laboratories, from the
Asbestos Mines, Limited, East Broughton, Que.

This material represented the discard of their milling operations, and
contained a considerable quantity of fine fibre not freed from the rock.

The purpose of the test work on this shipment was to determine if
any products suitable for trade purposes could be obtained from the rock,
what further treatment was necessary, and what use could be made of
such products. ~

No experimental work was done on this shipment, as other work was
more pressing, and it was found that the mills of the district were making
a large quantity of fine fibre, for which there was not a brisk demand.
Ilfi was decided advisable to await a more opportune time for conducting
the work.

" Test No. 149

Two shipments of asbestos rock were received at the Ore Dressing
and Metallurgical Laboratories, from the Asbestos Mines, Ltd., East
Broughton, Quebec. The rock was from the Boston mine, was received
crushed to about three-inch size, the product of their secondary crushers,
and represented the feed to the Jumbo and Cyclone crushers or fiberizers.

"The rock from the Boston mine is of the “slip fibre” type, representa~
tive of the Kast Broughton deposits, which contains no crude, but is a
straight milling rock. In this respect it is dissimilar to the Thetford mines,
and Black Lake deposits. The rock is also much softer than that from the
other districts. ‘ "

: The first shipment of three tons was received on March 30, 1921,
and the second shipment of ten tons on May 16, 1921.

In the company’s milling operations, the Jumbo and Cyeclone crushers
or fiberizers are used to separate the fibre from the rock. These machines,
while being good fiberizers, are costly to operate, as to power consumed
and repairs required. Moreover, the action is so violent that the fibre is
more or less broken up, resulting in an excessive amount of fines. The
object of the experimental work was to determine what results could be
obtained from the Hardinge mill in comparison with the Jumbo and Cyclone
crushers or fiberizers, as to amount and grade of fibre produced, and also
as to power consumption and repairs. As no data were available or could
be secured as to the efficiency of the crushers and fiberizers in use, the only
course to pursue was to perform the tests and leave the operators to draw
their own conclusions and comparisons of results.
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The first shipment of three tons was used up in making adjustments
to the Hardinge mill, to suit the crushing of this type of rock, Tests were
fun using pebbles and balls as the grinding or breaking media, increasing
the speed of the mill, increasing the inclination of the mill, and the removal
of the fibre from the mill, on being freed from the rock, by suction.

In the crushing of asbestos rock, the main point to consider is the
separation of the fibre from the rock to obtain the maximum amount of
long fibre. The objective is, therefore, to crush or break the rock in such
a manner as to remove the fibre without grinding, and with as little damage
to it as possible, and to remove it as soon as it is free, so that it will not be
damaged by further crushing or breaking action. Up to the present, on
account of its universal use as a grinding mill, it was considered that the
Hardinge mill would not be adaptable to this class of work, in fact it was
claimed that asbestos rock, due to its nature, would grind quite freely for
a time and then pack on the lining until crushing action ceased almost
entirely. Our tests on this first shipment proved this not to be the case.
By elevating the feed end of the mill to obtain quick discharge; by using
large balls to obtain coarse grinding; by increasing the speed of the mill
to obtain a breaking and not a grinding action; and by connecting the
discharge end of the mill with a suction to remove the fibre as it was freed,
favourable results could be obtained. It was also determined that the
rate of feed to the 4’ 6’/ X 13" mill should be about three tons per hour.

Having obtained these data, a new fibre collector was built, with
connections to the discharge end of the mill and to a shaking screen, and
also to an exhauster which exhausted into another collector and to the air.
With this arrangement there was practically no loss of fibre. The ball
mill was adjusted to what had been proven from the runs on the first
shipment as the most desirable setting. It was also decided not to feed
three-inch material to the mill, but to crush the rock in a jaw crusher and
rolls to one-inch size before feeding to the ball mill, as this was the practice
that was contemplated in the revised layout of the Boston mill. By
crushing to one-inch size before feeding to the ball mill a large percentage
of the fibre would bé freed, and removed by suction.

Run No. 1.—Nine tons of the rock from shipment No. 2 were weighed,
crushed in a jaw crusher to 13/, and reduced to 1’/ in rolls. This operation
gave the following:—

Product Weight Per cent
pounds of heads
2 e 17,874-5 99-30
BT 1T T 125-5 0:70
B 0 7Y 18,000-0 100-00

Run No. 2.—The rock reduced to 17 was sampled by an automatic
Vezin sampler, the main flow passing over a shaking screen, fitted with a
blank screen for the first half and with a &' slot screen for the second
half at the discharge end. Two suction pipes into a main header to the
collector were placed over the screen for the removal of the fibre., An
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exhauster was placed between the first collector and discharged into a
second collector from which a second exhauster discharged into the air.
Any fibre not collected in the first collector was deposited in the second
one. With this arrangement there was practically no loss of fibre. This
operation gave the following:— '

Product Weight ] Per cent of Test
Pounds heads :

12,150-0 68-24
3,3812-0 1860
2,070-0 11-65 [0—0-5 —4-7 —10-8

Fibre—1st collector.

Fibre—2nd collector 21-0 0-12 }(Large per cent rock)
Dust loss Ceaeen 1235 0-69

Sample 194-0

LT OO TR 17,8745 99.30 v

Run No. S—First ball mill run.—The 4 {&%'/ material from RunNo. 2.
was sampled by an automatic Vezin sampler and fed to a Hardinge mill
at the rate of 2:75 tons per hour. The 4’ 6" x 13" mill was run at 36
r.p.m. and carried a load of 2,900 pounds of 4’/ steel balls. The feed end
of the mill was raised three inches from the horizontal. The discharge end
was fitted with a suction pipe to the first collector, with a T pipe close to
the discharge, permitting of the regular discharge and also of the fibre
being sucked over into the collectors. This first ball mill run gave the
following:— '

Product Weight | Per cent of
pounds heads

Tibre—1st collector. 6,163 35-04
Dust—2nd collector 113 0-03
Rock, discharged 5,540 31:49
Rock, in mill. .. 188 107
Sample 146
| Y P D L NP 12,150 68:24

Run No. 4—S8econd ball mell run.—The rock discharged from the
first run of the ball mill was sampled by an automatic Vezin sampler and
fed back-to the mill, which contained some rock from the preceding oper-
ation. The mill was run under the sammé conditions. After the completion
of the run the mill was dumped. This operation gave the following:—

Product Weight | Per cent of
pounds heads

T T U 1,377-0 8-04

 Dugt—2nd CoNEEEOT. e a vttt vt ie et it i i e e 385 0-22

Tailing, discharged......cooiiviiriiniiiiiiiiiiiiiiiienanns PN 3,476-0 20-30

Tailing, from mill..uvoive i iiiiiie i il N 5630 3-23

DT Y PN Nt e e iee e e e 131-0 .0
LY ) P 137.5

Y 5,718-0 32-56
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Run No. 6—Fibre from first ball mill run.—After sampling the fibre
from Run No. 3, or the first ball mill run, it was run over the shaking
sereen to remove the rock and dust. This gave the following products:—

Product Weight | Per cent of Test
pounds heads
Fibre—1st collector.ivuvseevevininnnenannns 940 541 |0—0 —3-2 —12:8 (fairly
Dust—2nd collector.......ocovvieennvennes 14 0:08 clean)
AU TOCK. eee vt e 2,678 15-40
/T 2,360 13:57
Dust 1088, .vueeinvniriiieeriiiiininninss 101 0-58
12015 1) - Y 70
Y-V S 6,163 3504

The —H%’ " rock contained considerable unfiberized material and should
have been returned to the circuit.

The —+%'/ material contains some fibre that would produce a market-
able grade as shown in a following table, under Run No. 12.

Runs Nos. 6, 7 and 8—Fibre from second ball mill run.—The fibre from
Run No. 4, or the second ball mill run, was used in these three runs, an
attempt being made to remove the rock and bring the fibre up to a suitable
grade. In Run No. 6, the fibre from Run No. 4 was run over the shaking
screen, using a 12X 12 mesh screen, and with the suetion at the end of the
screen near the discharge, so as to allow the fines to screen out from the
fibre before it was sucked up into the collectors. In Run No. 7, the fibre
from Run No. 6 was re-run, and in Run No. 8 the fibre from Run No. 7
was re-run, The second collector was not cleaned out until the finish of
Run No. 8. The following are the products obtained:—

Weight | Per cent of

Product pounds heads Test
Fibre—Ist collector....oovvevvuvuinnnnen. 180-0 1-05 |0 —0 —2-8 —13-2
Dust—2nd colleetor..........ovvvvninennn. 100-0 0-58
412, Tun 6 4435 2-60
~+12, run 7 250 015
-+12, run 8... 29-0 0-17
—~12, run 6. 230-0 1:35
~12,Tun 7, 109:0 0-64
—12, run 8. 194-0 1.14
Dust loss.... 61-5 0-36

Y PO PP 1,872-0 8-04
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The +12 product from Run No. 8 contained considerable unfiberized
material. A test was made on this product, the results of which are shown
in the following table of fibre recovered:—

Run No. 9—On fibre from initial crushing in jow crusher and rolls to one
tnch.—The fibre from Run No. 2 was run over the shaking screen fitted
with a 12X 12 mesh screen, as in Run No. 8. The object of this run was to
improve the grade. The following products were made:—

Product \‘Veight Per cent of Test
pounds - hea}ds

Fibre, 1st collector. ....vivuvennienneennss 900 509 | 0—0-5—4-56—11-0
Dust, 2nd collector.........oevvvvuvrnennns 5 0:03 | (fairly clean).

1 e s 376 2-12
=12t W emeettiteaserrrareraret 746 4.22
Dust 1088.0vniii i i e e, 34 0-19
1T 2,061 11.65°| 0—0-56—4-7—10-8

(large per cent rock).

RBun No. 10—0n —+'" material from initial crushing—The — &%
material from Run No. 2 was re-run over the shaking screen fitted with a
12X12 mesh sereen to recover any fibre which passed through this screen.
This run would not have been necessary if the square mesh screen had been
used instead of the &'’ slotted screen. The results were as follows:—

Product Weight | Per cent of Test
pounds heads
Fibre, 1st collector..ce..vvvveiiiveainann.. 204 115 0—0—1.9—14-1
Dust, 2nd collector. .....overvnernivannann. 2 0-02 (clean).
N 1,008 6-17
g 2 Pt 1,057 10-98
Dust 1088, v evieiiiiniiiiiinniininn.s cerens 49 © o 0.28
Feed.oorinnvineriienioneenrirensiernonrans . 3,312 18-60

Run No. 11—Re-run of fibre from first ball msll run.—The fibre from
Run No. 5 was re-run over the shaking screen to remove any further rock
and dust from it. The 12X12 mesh screen was used. The products from
this run were as follows:—

Product Weight [ Per cent of Test
pounds heads

Fibre, Ist collector.......... rerreererens 475 275 | 0—0—4.1—11.9

Dust, 2nd collector. . ...... erreeeennines 6 0:03 (clean).

F12 e SenaEsecRsreRanen . 21 0-12

g ¥ IO PN 417 241

Dust loss....... et eeerar et eeeraans ' 171 - 010 .

Feed..ooveranrenenns v rreersireeeriranns 936 541 | 0--0—3-2—12-8
(fairly clean).
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Run No. 12—0n —&" material from first ball mill run.—The —"
material from Run No. 5, was run over the shaking screen fitted with a
12 X 12 mesh screen to recover any coarse fibre which passed through
the —%' slotted screen. Had the square mesh screen been used in Run
No. 5, this run would not have been necessary. The following products
were obtained:—

Product Weight | Per cent of Test
pounds heads ’

Tibre, 18t collector ... vvvvrrerenninenns 134 0-77 | 0-—0—1-5—14-5
Dust, 2nd collector........oeovevrvivnise. 4 002 (clean).
R 492 281

L 1,737 9.96

DUBt 1088, uvueseveineensenronrinersnenns i 0:01

Y- N 2,368 13-57

Runs Nos. 18 and 1/—Re-run of fibve from initiol crushing.—These
two runs were made on the fibre from Run No. 9, to remove any dust
and rock remaining in it. Both runs were made over the shaking screen,
using & 12 X 12 mesh screen. Run No. 13 did not remove sufficient of
the rock, so the fibre was re-run over the screen a second time. The
products were as follows:—

Product Weight | Per cent of Test
pounds heads

Fibre, 18t collector run No. 14............. 366 2071 0—1.8—5-6—8-6

Dust, 2nd collector runs Nos. 13 and 14.... 11 008 (clean),

F12,1un No. 1840 iiiineinvinnenniniiennen 114 0-64

H12, run No. 1. viniiievnieniiearennss 21 0-12

T =12, run NOL 38 257 1.45

—12, Tun No. 14..oveinnneinninnirannans 114 0-65

Dust loss, runs Nos, 13 and 14.......... .. 17 0-10

Feed.ovreereeriiriieroaiiinsioeeiiionannss 900 5.09{ 0-0.5—4.5~11-0
(fairly clean).

Fibre, 18t coll. run No. 18......0evvvinnens 509 [ooviinnnnes 0—-0-9—4.9—10-2
(fairly clean).

The 412 material from Runs Nos. 13 and 14 contained a considerable
amount of unfiberized material. These products should have been returned
to milling operations. Test runs were made on these, the results of which

- are given in the table of fibre recovered.
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Runs Nos. 16 and 16—O0n fibre from Run No. 14.—These two short
runs were made on a portion of the fibre from Run No. 14, to determine
if it would be possible to bring some of the fibre up to a high grade, and
also to determine if it was possible to figure out fairly accurately what
grades of fibre could be produced from a given lot of fibre.

The two runs were made by passing the fibre over a 14" shaking screen,
%1@ scﬁeen being used as a grader. Run No. 16 is on the 14" fibre from

un No. 15, :

Products Run No. 15 Weight | Per cent of Test .
pounds heads
i fibre.. oo 6-00 0-36 | 0-5+5-04+5.21+5-3
. (clean).
—3-in. fibre, 2nd hopper........cvvvnennen. 13-25 | 079 | 0-0+1:047-14-7.9
clean). )
—3-in. fibre, 1st hopper.......ovvviivnennns 15-50 0-92 | 0.0+0-34+6-94+9.7
. (clean).
Feed, run No. 15, .10 cuveveerrinnarninnnnn. 34.75 2-07 | 0.04+1-845.6+8-6
(elean), |
Products Run No. 16 Weight Per cent of Test
pounds heads
) Ibs. :
3 fibrec. v 1-60 010 2-%—}1-7'6)—1-2-8+3°4‘
clean).
—3n fibre. oo 440 0-26 | 0:0+3-8+5-6+6-6
. (clean).
Feed, run No. 16....0ivviviivinnnennnennn. 6:00 0-36 | 0-5+5.-0+5.2+5.3
. (clean).

It is here demonstrated that it is possible to produce a high grade
fibre by grading. If in each of these runs the figures given in the fibre test
on the products are multiplied by the weight of the product, and correspond-
ing terms added, and the sum divided by the weight of the feed, it will .
be found to give very nearly the fibre test of the feed. Hence, we may
conclude that it is possible to figure fairly accurately what grades can be
produced from a certain fibre, and also that it is correct in figuring recovery,
to sum up from the different fibre products the percentage of heads on the
same testing screen. A
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The following table shows the different fibres recovered from all the
different runs, ete. In the list will be noticed some -+12 products. These
are really middlings which would be returned to the cireuit in regular mill
work. Small tests have been conducted on these products, and whatever
fibre was found possible to recover from them has been tabulated.

Per cent|Per cent|Per cent| - Testing Per cent heads recov'd.
Product of bre re-
heads covered] +2| +4|+10|—~10] +2| +4]-+10] —10
105 |.ooii]oeenes 281132 .....ueen 0184 |0-866*
1:36 [oesee]onnnes 19 | 141 Lovuii]ivnnns 0137 .|11:013
275 [oovnifonnens 4.1 (119 Lovuiifenenns 0:705 12-045*
077 [ooviuifennnns 15 145 |oovuni]ivesns 0-072 |0-698*
207 |...... 18| 56 86|[...... 0-233 |0-725 [1.112
003 |...... 01| 22137 |..0uii]ennse 0-004 [0-026*
0:27 |...... 0-3} 836|121 ¢...... 0005 10-061 [0-204
0-05{...... 0-2| 5-8|10-0]......{0-001 |0-018 [0-031*
0:38 |...... 0-2| 5-8]10:01...... 0-005 |0-138 [0-237
0-10 |...... 02| 58100 [...... 0-001 [0-036 [0-063
862 {...... 0-5| 3.8 11-7(......|0-245 [2-080 16-295

Nora.—Products marked * are from ball milling.

A small sample of the feed to the first ball mill run, Run No. 3, was
separated by screening into a number of different sizes. As much fibre as
possible was picked out of the larger sizes, and sucked out of the smaller
ones. The sizes were all mixed and ground in a small ball mill, and the
product screened, picked, and sucked, as before. This milling, screening,
picking, and sucking was continued until the rock was clean of fibre.
The fibre obtained was tested in the usual manner, and the following
table shows the results of this small test compared with what was obtained
from the large runs:—

Per cent{Per cent|Per cent Testing Per cent heads recover'd
Product of fibre re-
heads covered| -2 | +4 ' +10 | —10 | 42 [ +4 | +4-10 | —10
Feed run 3........ 68-24 | 12.87 8:.78 |...... 1 0.1} 09]15:0{...... 0-0556] 0-494} 8-231
Fibre from mill...|........}........ 465 |......]o0uen 3:4112:61{...... 0-983} 0-001| 3:666
(large run).

In this table of comparison, it is noticed that the small test recovered
much more 44 than the large runs. This was to be expected, as in hand
picking in the small test, a knife was used to cut off the fibre from the rock,
and mach unfiberized asbestos was put with the picked material.

It will also be noticed that the large runs give the largest amount of
total fibre, -+10. This would indicate that the Hardinge ball mill, with
guction, is a very effective machine for the work upon which it was employed
in the larger runs.
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We are unable to make a comparison of the efficiency of the Hardinge
ball mill with the Cyclone or Jumbo fiberizers, as no data are available
on the work of the latter machines.

From the results given above, however, the mill operator may be able
to.ﬁira,w some conclusions on the relative efficiency of the two types of
mills. |

Test No. 152

A shipment of ten tons of asbestos rock was received at the Ore
Dressing and Metallurgical Laboratories, May 27, 1921, from the Black
Lake Asbestos and Chrome Co., Ltd., Black Lake, Quebec.

The rock was of the cross fibre variety, representative of the Black
Lake type of rock, and much harder than the slip fibre rock of the East
Broughton deposits. As received it was composed of about three-inch
material, with the fines removed, and as the fines from the primary crush-
ing carry much more fibre than the coarse when reduced to this size, the
percentage of fibre was, therefore, lower than the average mill feed, and
the rock would also contain shorter fibre, the longer being freed by the
primary crushing, and entering the fines.

The rock received represented the coarser material fed to the Cyclone
and Jumbo fiberizers. It was desired that test work be conducted on this
rock for the recovery of the fibre, and to obtain some data with respect
to the crushing and liberation of the fibre in a Hardinge mill, as compared
with the operations of the fiberizers in use for this purpose.

It is a fairly well established fact that the rock should be reduced
finer than three inch before feeding to the fiberizers, and that this reduction
can be accomplished in such crushing devices as jaw crushers, gyratories,
rolls, hammer crushers, ete., without great injury to the fibre. The three-
inch material received was, therefore, reduced to 13’/ and 1” size before
feeding to the Hardinge mill.

As no data were available as to the efficiency of the Cyclone and
Jumbo fiberizers, no comparative results could be noted. The following
tests, however, give the results obtained by the use of the Hardinge mill
on material finer than 13", -

Test No. 1

Run No. 1.—Five tons of the asbestos rock was weighed, crushed in a
jaw crusher to 11", and sampled by an automatic Vezin sampler, the main
flow passing over a Ferraris shaking screen fitted with a blank screen for
the first half, and with a 12 mesh square screen for the second half, at the
discharge end. One suction pipe into a main header to a collector was
placed over the screen at the discharge end of the screen for the removal
of the fibre. An exhauster was placed between the first collector and
discharged into a second collector, from which a second exhauster dis-
charged into the air. Any fibre not collected in the first collector was
deposited in the second one. With this arrangement there was practically
no loss of fibre. Any fibre deposited in the second collector was extremely
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fine, and of no value. The fibre deposited in the first collector was re-run
over the shaking screen twice, to remove fines and pieces of rock, and
unfiberized asbestos. These operations gave the following results:—

Product Weight | Per cent of Test
pounds heads
Tibre.........coee..n. 18 0-182 | 1-1~5.6—6-5—2-8
—12 (fines from screen).......o.oeuvevnvnn. 666 6729
12 (tailings from gereen)...........oeouns 9,114 .92-089
Dust (2nd collector and 1088}, ...eovevunn... 99 1-000
Feed....ooovvvviiiiiiiiiinniienn, 9,807 100-000

Run No. 9—First ball mill run.—The 12 mesh material from run
No. 1 was sampled by an automatic Vezin sampler and fed to a Hardinge
mill at the rate of 2-5 tons per hour. The 4/ 6/’ X 13" mill was run at 35
r.p.m. and carried a load of 3,000 pounds of 4" steel balls. The feed end
of the mill was raised three inches from the horizontal. The discharge end
was fitted with a suction pipe to the first collector, with a T pipe close to
the discharge, permitting of the regular discharge, and also of the fibre
being sucked over into the collectors. The fibre from the first collector
was run over the shaking screen twice to remove the rock and dust. The
following are the products obtained:—

Product Weight = | Per cent of Test
pounds heads
11 5) Y AP 290 0-296 [ 0-0—24~4-4—9-2
—12 Efrom SCYCEINY) v vururoriorecnsosennennss 7045 7-195
-+12 (tailings from mill and sereen)........ 8,261-0 84-364
Dust (2nd collector and 1088)...vveverrann.. 23-0 0-234
Y- R 9,017-5 92-089

Run No. 8—S8econd ball mill run.—The 12 mesh material from run
No. 2 was sampled by an automatic Vezin sampler and fed back to the
mill, which contained some rock from the preceding operation. The mill
was run under the same conditions. The fibre from the first collector was
run over the shaking screen twice to remove the rock and dust. In this
mill run, the mill tailings were found to contain quite a quantity of fibre
which had not been removed by the suction, so they were run over the
shaking screen to get this fibre out, and the fibre itself was cleaned by
passing it over the shaking screen once. At this stage of the test work it
was observed that the bags that had contained the asbestos rock were
covered inside with quite a quantity of long fibre. The bags were all
turned inside out and the fibre removed. This fibre from the bags was
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cleaned up by passing it over the shaking screen twice. The result of all

these operations follows:—

Product Weight | Per cent of Test
pounds heads
Fibre (from mill suction)............vvvuss 20 0-206 | 0-0—2.9-3.2—9.9
Fibre (from mill tails).....oovveniivennnnn, 24 0.248 | 1.4—5.5—~6.2-2.9
Fibre (from bags).ceveevueririrnrnenennnns 4 0-041 | 5.1—3:3—3-5—4-1
—12 (from screen).... 3,217 33:199
+12 (from screen) 4,889 50-453
Dust (2nd collector and 1058).....evvven.n.. 21 0.217
Feed.oooviiiiniiiiiiiiiiiiiiiii i, 8,175 84-364

Run. No. 4—Third ball mill run.—The -+12 material from run No.
3 was sampled by an automatic Vezin sampler and fed back to the mill,
which contained some rock from the preceding operation. The mill was
run under the same conditions. The fibre from the first collector was run
over the shaking screen twice to remove the rock and dust. The tailings
from the mill contained some fibre, and this fibre was removed by passing
the tailings and the cleanout of the mill over the shaking screen. The
fibre obtained in this way was cleaned up by passing it over the shaking
sereen twice. On the completion of this run the second collector
was cleaned out along with the pipes leading to it, and 61-5 pounds of dust
obtained. The dust produced in the work up to this point was 339 pounds.
The third ball mill run gave the following:—

Product Weight | Per cent of Test
pounds heads

Fibre (from mill suction),.........o.0uvee. 4:5 0-047 1 0-0—2.6—4.1—9.3
Fibre (from mill tails and clean out)....... 65 0069 | 0.3—4.3—7-4—4-0
—12 (from SCreen)..u.vve v vvrineierennnnes 2,113.0 22354 .

412 (from sereen)........oocovviiiiiinnnns 2,449-0 25-909

Dust (2nd collector and loss)............... 196-0 2.074

1 ST 4,769:0 50453

The following table shows the amount of fibre

runs of Test No. 1:—

FIBRE OBTAINED—TEST No. 1

obtained 'in all the

Per cent Per cent of heads
Run No. of . Test
heads 42| 44 +10} —10
Run No. Loiviiiaiiiiiiiiiiinniiniaen. :182 | 1:1—5:6-6-5—2-8 | 012 | :064 | -074 | .032
Run No.2.0iviiniiiiiniiiniinennnane,s +296 | 0.0—2.4—4.4—-9.2 | .0 044  -082 | -170
Run No. 8 (mill suction)..............n 206 | 0.0—2.9-3.2—9-9 | -0 «307 | 041 -128
Run No. 8 (mill tails)................. +248 | 1.4—5.5—06+2—2.9{ 022 | -085 | 096 045
Run No. 8 (from bags)................. +041 § 5.1-3.3—3-5—4-1 | .013 | -008 | 009 | 011
Run No. 4 (mill suction)............... 0471 0-1—-2.6—4.1—-9:3 | -0 -008 | <012 | 027
Run No. 4 (mill tails)...... e «069 | 0:3—4.3—7-4—4.0 | .001 | -019 § -032 | .017
Total fibre......... rereanean. 1.089 | 0.7—8-9—5-1—6.3 | -048 | -265 | 346 | 430
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Test No. 2

Run No. 1.—The balance of the shipment of asbestos rock (10,149
pounds) was crushed in a breaker to pass 34/, and sampled by an auto-
matic Vezin sampler, the main flow passing to the shaking screen, where
the fibre was sucked out of it. This fibre was then cleaned by passing it
over the shaking screen once. The following are the products:—

Weight Per cent
Product pounds of heads Test
51 03 28-5 0-284 | 0-5—4.6—6-4—4.5
~12 (from sereen).......o.ovvvvevnnennenn. 1,213.0 12.104
+12 (tailings from sereen)..........ovvunn. 8,662.0 85:842
Dust (2nd collector and loss)............... 227.5 2-270
Feed..ooovevvreiirinineiinnnin.e. 10,021 100.000

Run No. 2—Ball mill run.—The --12 material from run No. 1 was
split into two portions by shovelling. One of these portions was approxi-
mately four-fifths of the whole, and this was used for run No. 2. The
larger portion was fed to the ball mill under the same conditions as the
previous ball mill runs, except that no suction was used on the mill. The
discharge from the mill was run over the shaking screen to remove the
freed fibre. After the whole portion had been fed to the mill and the
discharge from the mill put over the screen, the 412 from the screen was
fed back to the mill and the mill tailings treated as before. This series of
operations was repeated five times, when it was found that the 412 from
the screen contained no appreciable amount of fibre. The fibre from the
first collector was then cleaned up by passing it over the shaking screen
once. This work gave the following results:i—

Weight Per cent

Product pounds of heads Test
B33 - 204-5 2.558
~12 (from screen).,........ AP 2,316-0 28.971
-+12 (tailings from screen). . s 4,147.5 51880
Dust (2nd collector and loss)............... 154-5 1.933

T 6,822:5 85342

The following is a summary of the fibre obtained in Test No. 2:—
FIBRE OBTAINED—TEST No. 2

Per cent Per cent of heads
Run No. of Test
' heads +2 44 410 —10
Run No. L.oevininnnenannnnns 984 | 05 46 64 4.5 .009| .082| 113" -080
Run No. 2.0 ivivvninnnnneennn. 2.568 | 0.0 0.3 8.4 7.3 -0 048 | 1.343 1.167
Total fibre............ 2.842 | 01 0.7 8.2 7.0 -009 2180 | 1.456 1.247

49130—5
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Test No. 8

This test was made on approximately one-fifth of the -412 from
test No. 2, run No. 1. In calculating this test, it is necessary to consider
that a run has already been made on the material used, so we must call
the first actual run, run No. 2, and for run No. 1, take the results obtained
in run No. 1, test No. 2.

. Run No. 2—The +12 material was crushed, sampled by an automatic
Vezin sampler, and fed to the shaking Ferraris screen, the first half of the
table being fitted with a 12 mesh square screen, and the second half with
a 3/ slotted screen. The suction pipe to remove the fibre was placed over
the end of the 12 mesh screen where it joined the %" screen. The 43"
product was crushed and fed back to the sereen until everything passed
4. The fibre produced was cleaned by passing it over the screen once.
These operations gave:—

Weight Por cent
Product pounds of heads Test
FADIC. . o\ ivveririereeerinineenaerarann, 9 0:469 | 0.7—5.5—4.7—5.1
—3"+12 (from screen 878 45.745 .
—12 (from screen) R 730 38.034 s
Dust (2nd collector and 10s8).v.vvvrnnennn.. 21 1.004
BT N 1,638 85.342

Run No. 8—This run was made on approximately one-eighth of the

+12 material from run No. 2. The +12 was crushed and fed to the shak-
ing screen fitted up as in run No. 2, the +12 being re-crushed "and fed
back until all passed through the 12 mesh screen. The fibre obtained was
cleaned by passing over the screen once. The following are the products:—

Weight Per cent
Product pounds of heads Test
B O3 105 - 0.-»25. 0-102 | 0-0-0-4—4.0—11.6
—12 (from BCreeN).vs.veeeerrneecsnsonosons 112.00 45.542
Dust (2nd collector and 1088)..eeeveinnreans 0.25 0-101
Y U 112.50 45.745

The following is a summary of the fibre obtained from the different

runs of test No. 3:—

FIBRE OBTAINED—TEST No. 3

. Per cent Per cent of heads
Run No. of Test
heads -+2 +4 +10 —-10
RUDNO. Leveevneneeeninnenss 284 | 0.5-4.6—6.4— 4.5 -.009| -082| .113| 080
RuniNo. 2oiievriennenninnenns +469 | 0.7—b-5—4.7— 5.1 «021 +161 +138 +149
Run}No. 3........ frreneraennas «102 { 0-0—0+4—4.0—-11:6]........ +003 +025 074
Total fibre............ +855 | 0-6~-4:6—5-1— 5.7 -030 +246 276 +303
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Test No. 4

This is a test on 51 pounds of the head sample of test No. 1, which was
made to see how the heads of test No. 1 compared with the heads of test
Nos. 2 and 3. The test was made in the same manner as test No. 3, the
rock being crushed to 84", then to 3/, and then to 12 mesh, the fibre being
removed during the crushing, and cleaning up after each stage of crushing
had been completed.

Weight Per cent
Produet pounds of heads Test

Tibre from erushing t0 3*...........0vevus. 0.114 0.224 | 2.5~4.2—5.1~ 4.2

«“ « e 0-178 0-349 | 3-4—5-83—38.2— 4.1

“ “ 12mesh............ 0-024 0.047 | 0.0—0.0—5-8—10:2
—12 from erushingto 3.................... 5.500 10-784
“ “ B 23500 46.079
“« « 12mesh.............. 19750 38.725
Dust (2nd collector and loss) ............. 1.934 3-792
Teed.uuerrarsiieiarinniniennninnes 51000 100-000

FIBRE OBTAINED—TEST No. 4

Per cent Per cent of heads
Produet of Test
heads +2 +4 +10 —10
TFibre, crushing to 3*........... 204} 2.6—4.2—5-1— 4.2 .035 059 071 - 059
“ “ i +349 | 3.4—5-3—3-2— 41 074 -116 070 -089
“« « 12 mesh..... -047 | 0-0—0-0—5-8—10-2........[........ 018 -030
Total fibre............ 620 [ 109 175 -158 178

After finishing test No. 4, the second collector and pipes leading to it
were cleaned out and 209 pounds of dust obtained. This dust was from
tests Nos. 2, 8 and 4. In these tests the total dust produced was 405
pounds.

CONCLUSIONS

An examination of the fibre produced in tests Nos. 3 and 4, shows that
although the amounts of the different sizes recovered show a great differ-
ence, still the +2 and -4 added together in each test give practically the
same figures, and the +2, +4 and 10 added in each test, are not a great
deal apart.

Making a suitable allowance for test No. 4, being on such a gmall
amount of rock, one can conclude that the feeds to tests Nos, 1, 2 and 3
are the same.

Test No. 3 was carried on in such a way as to give practically all the
long fibre that it would be possible to extract from the rock, and the results
of this test can be used as a standard to compare with tests Nos. 1 and 2.

49130—5%
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On comparing test No. 1 with test No. 3, we see that test No. 1 recov-
ered more fibre in all the sizes, and from this can conclude that the Hard-
inge mill operated with suction ig a very suitable machine to treat the king
of asbestos rock submitted. : :

Comparing the results of test No. 2 with those of test No. 8, we find
that the 42 and 44 recovered are both less in test No. 2 than in test No.
3, and that the 410 and —10 are both more. From this we can conclude
that the Hardinge mill with suction is superior to the same mill without
suction, and that without suction the result would seem to be to grind up
the long fibre into shorter material. _

~ The results of the test work show that the Hardinge mill operated
under favourable conditions can be used for the crushing of asbestos rock
of the “cross fibre” variety. It is not possible to give a comparison of
efficiency over the fiberizers in use, as no data are available as to results
from these particular machines.

The results also show that in order to obtain the greatest percentage
of long fibre, stage crushing is necessary, with the removal of the freed
fibre after each stage; that instead of taking off clean fiberized material
by the regulation of the suetion used, it is better to employ a strong suction
that will lift free unfiberized material, re-clean, and if necessary, fiberize
the suction product. In this manner the fibre is not broken up by the
grinding action of coarse particles of rock.

@ |
THE CONCENTRATION OF THE LOWER GRADE COPPER-NICKEL ORES
C. S. Parsons h

The present practice of smelting the copper-nickel ores of the Sudbury
distriet, direct in the blast furnace or by mixing the green ore with a
certain portion which had been heap roasted, has given very favourable
results, in the past. This practice was especially adaptable to the higher
grade ores when consideration is given to the favourable market con-
ditions that have prevailed to within the last year or so.

In the treatment of the lower grade ores of the district, it is & question
whether it would not be more economical to apply certain methods of
concentration to make a product with a fairly high copper-nickel content
prior to smelting operations. By the elimination of the gangue rock and
a large portion of the pyrrhotite it was hoped to obtain a product with a
copper-nickel content the equal of the blast furnace matte. Such methods
of operation would probably eliminate the blast furnace practice in the
treatment of the lower grade ores. - '

The investigations conducted on the lower grade ores were confined
to the concentration of the ores from the property of the Burrows Refining
Co., to obtain a product containing the metallic minerals, copper, nickel
and iron, suited to the refining process of their company, who were carry- .
ing on investigations in the manufacture of certain alloy steels; and also,
to the concentration of the lower grade ores from other mines of the dis-
triet by preferential flotation, to determine if the. copper-nickel values
could not be concentrated into a high grade product, with a good. recovery
of the values. o _ N
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The results of the experimental work are given under the following

test numbers:—
Test No. 148
(Preliminary Report.)

Concentration tests made on nickel ore from the mines of the Burrows
Refining Company, in the Sudbury district, Ontario.

Lots No. 1 and No. 2—The ore which had been crushed to pass 20

mesh before being received at the laboratory, was badly oxidized, and had
to be passed through rolls to break up the lumps of cemented particles.

CRUDE ORE
Crusher
Rolls

Trommel screen-%"

Over size Under size
returned to rofls \

Hardinge Ball Mill i closed
circuit with classiier

24 Mesh product

Witfley roughing table

7ailing Concentrate

Fio. 3. Flow sheot, concentration test on nickel ore, Test 148, No. 1.
Test No. 1
(See flow sheet, Fig. 3)
Lots 1 and 2 were sampled and fed to a Wilfley table.

Lot 1—
Welght, . . ovneiiei it 1,819 pounds
ANALYBIB. e v v ettt e i Ni.2:70% : Cu. 0-26%
Nickelcontent........coovvvviieiiiireiiriirierineesss 491 pounds
COPPET COREEIE. 1 v v vusrersienrenerenenanesroneaeisnrneons 4.55 pounds
Lot 2—
Weight,.vvvvrineniiiniirinesnneaens ey 1,200 pounds
ADNBLYEIB. ottt e e e Ni. 2-62 9
Nickel Content,....ocvevevrnrreerionininrsessoessernes 33+8 pounds
Lots 1 and 2 total— :
LT 3,109 pounds
ADBIYBIB. cv vt ve et e Ni. 2-67 9%

i.2-
Nickel CORtEnt. voveeteevrrrrnrererrseriereiiiraeinins 8301 poun?ls
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The ore was fed over a 24 mesh Callow screen, the —24 mesh material
going direct to a Wilfley table without further sizing, the -+24 mesh
material to a storage tank for separate treatment later over the same table.

Results of tabling—

~—24 mesh product—
Table concontrate...covveirveiien.s . . . —24 mesh
i 1,712 pounds

3.60% Ni.
61-63 pounds Ni.
742 :

Percentage of total nickel values..

Table tailing...ovuiirveiiin ittt it anes —24 mesh
Weight........ e r e e et et 499 pounds
F T ) - 1:15% Ni.
(103 17 e veveer 5474 pounds Ni.
Percentage of total nickel values......ovvvviee.s. verees 6°9

+}24 mesh product—
Table coneentrate...ueevsveeeiiieinrrineneenrnrenens 424 mesh
Weight......covvvnvinn..s et ere e, Creeees 150 pounds
Analysis,....ooviiiiiiii i eer 200% NI
(0103 11 P ereeraenraea 3.0 pounds Ni.
Percentage of total niekel values......... P eeen 346
Table talling..cvseeeerererenireiiiirinirarinensnesnenn -}-24 mesh
Welght.. ..o e 393-25 pounds.
Analysis. e i i i e 0-6% Ni.
Content.....ooveeviiiiienann.nn, s eraeearreeerenrenan 213 pounds Ni.
Percentage of total nickel values..........ovvvivinennn 2.6

Summiary of the above results—

' : Percentage
Product Weight' | Analysis | Content |[of total Ni.

. pounds [per cent Ni.| pounds Ni. value
Concentrate. ...... PPN 1,862 3.47 64.63 77.8
3 1 853.76 . 0.92 7.87 9.5
7T 3_95-25 2.67 10.51 127
00-0

Heads..ooovvvnennnn. i 3,109-00 2.67 83-01 1

This large loss was due to the heavy sulphide lying in the pumps and
pipe lines, and also to slime loss from tailing. There was also approximately . -
0:25 per cent soluble nickel in the ore, a part of which went into solution
in the mill water. The recovery of 77-8 per cent is very conservative, and
it is probable that the actual recovery was over 80 per cent. :

- The ore tabled very well considering that the feed to the table was
not sized. The capacity of the table was, however, low, the rate of feed
being -241:5 pounds per hour. It is probable that a different. system of
riffling would increase the.capacity considerably. C ' o



146 .

CRUDE ORE

crusher

Rolls

Trommel sereen %
in closed circurt
with rolls

Ball mitl

Class/ifier
Jn closed circuft
with ball mifl

Launder type Richards classifier

2

Coarse Is,o/gozf Meoh//lz spigot  Fine Spigot  Shine over!iow

Wilfley table  Wilfley table  Wilfley table  Callow cone
deck #1623 deck #1623 deck #1623 thickener

Hilfley IS//'/IIE/‘

Cone. E/l/l‘ng Cone. T‘q/'//rg Cone. 7&/’//’/(‘; el "/13 Conc.

Hardinge Mill
grinding to-/50 mest;
Jn closed cireunit with

Dorr cfassifier

Callow cells
Tailing to waste Rougher concentrate

Cleaner Garls final concentrate.

Rougher celf
Fia. 4. Flow sheet, concentration test on nickel ore, Test 148, No. 2.

Test No. 2
(See flow sheet, Fig. 4.)

Lot No. 4.—This lot of ore was received in lump form. It was crushed
in a jaw crusher to 34", and then ground in a Hardinge ball mill to pass a
24 mesh Callow belt screen, the oversize being returned to the mill. The
undersize from the sereen was led to two Richards hydraulic launder type
classifiers, where three products were made, a coarse spigot product, a
fine spigot product, and an overflow slime. Each of these products was fed
separately to a Wilfley table.

Weightof orefed tomill........oovviviiiiiiiiiiieniieaneas ,11,812 pounds
DTN 7 (- IR .2:509% Ni.
Content..... e e be e e et ,297-8 pounds Ni.

Loss of weight during test.................c000at ...1,060 pounds
Analysis caleulated of material lost..........oovveviiieninannns 2:8% Ni.



147
The loss of weight was due chiefly to the heavy sulphide lemalmng in
the ball mill and to a loss of slimes from the collecting tank, into which
the overflow from the Richards classifier was caught and settled

Screen Analyses of Feeds to Classz’ﬁer and Table:

Feed to classifier|Feed to table from{Feed to table from

Mesh first spigot second spigot

Weight % Weight % Weight % -

gms. gms. gms.

— 24 + 28, i, 5 0-30 93 3-73 0-4 0-02
—~ 28 4 30 51 2:20 681 27-31 4.4 0-26
— 36 + 48, 53 3:80 685 27-44 133-0 7-74
— 48 F B8 124 0-05 504 20-20 275:0 16-00
— 65 4100.........0000iiiinn 165 12-00 312 12-50 427-0 24-85
=100 +150.......000iiiiininen. 134 9:70 95 3:81 266-0 15-47
=150 4200.......c00000iiinnnn 437 3190 65 2460 261-0 16-18
=200, i 428 31-30 60 2:40 3520 20-48

Concentration of coarse sngot product.—The product was fed to a Wilfley
table with a No. 1623 deck. The table was fed at a rate which produced
0-21 tons of concentrate per hour. An approximate increase of 25 per
cent in this capacity could be safely figured, which would give an average
capacity of 0:26 tons of concentrate per hour.

Concenirate
1081-0 pounds
-2:209, Ni,
..22.7 pounds Ni.
Not known
0-56% Ni.

Concentration of fine spigot product.—This product was fed to a Wilfley
table with a No. 1623 deck. The table was fed at a rate which produced
0-13 tons of concentrate per hour. The table, however, was operated
at approximately 50 per cent of its capamty, and an estlmated maximum
capacity would be about 0-26 tons per hour of this material.

Concenlrate

L5571 X7 1 326-5 pounds
ANALYSIS. .ot vttt it it e it e e e anes 2-50%,
Contentue. .. oovniaesrarisetirranrssrsesossartsresarsrsanens 33-15 pounds Ni.
Tatlmg
S Welght. ..ot it i er e e Not taken
AnALYSIS. 1o v irieiiriiiiiiiiarii ettt risreritearaans 0-45%, Ni.

Concentration of the overflow, or slime product from the classifier—This
product was fed to a Wilfley table with a No. 1623 deck, at a rate which
produced 0-173 tons, or 346 pounds of concentrate per hour. A 10 per
cent increase could be figured on this capacity, giving 0-187 tons of con-
cenicrate per hour, but this would be about the maximum capamty of the .
table A

Concentrate .
Welght, e vveirriererineneenanas e aeniresarreanes Veeens 3,809-0 pounds
N T Y L T 3-50 % Ni.

. Contenbu.eueiiiiirnnaiinnn, reriaenaaes S T 133-50 pouuds Ni.

Tailing ’ '
Weight......ooovune RN eeereiieteaaaes e "Not known .

Analysig..ociiiiiiiinnnnn, resaesenens e 1-50% Ni..
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Tailings re-ground in pebble mill—The whole table tailing was re-
ground in a Hardinge mill to pass an 80 mesh Callow belt sereen, and treated
by fgota.tion in Callow cells. The reagents used were soda ash and X-Y
mixture.

R 25 724 13 DDA R 223 pounds
BN L T 15.5% Ni.
L0737 R 3345 pounds Ni,
Tailing
Welght. . it i i i i e Not known
BN Y 1 0-80% Ni.
SUMMARY OF PRODUCTS
Product Weight | Analysis | Content Percentage of
pounds % Ni. pounds total nickel
Direct % jAccum. %
Concentrate N0, Levurvrnernieniireennann. 1,031-0 2-20 229 876 8:75
“ 2T 1,326-5 2-50 33-2 12-80 21-55
“ T TS 3,809-0 3:50 133+5 51-45 73-00
Callow Con. No. 4..oeivvviiiinnnnennen s 223-0 15-50 345 13:30 86-30
Total Concuesevvvverernnnennnns ve..| 6,389.5 351 223-96 8630 86:30
TailingSur. oo e ereerinrereeeriiienrnnes 4,462.5 0-80 35-70 1370 [oovennennn

This gives a recovery of 86-30 per cent of the nickel with a production
of 0-589 tons of concentrate per ton of ore.

CONCLUSIONS

Lot 4, Test 2—~1It will be noted that only 73 per cent of the nickel was
saved by table concentration, and that this low recovery was due to the
large loss in the tails from the tabling of the overflow produect from the
classifier. This overflow produect contained over 60 per cent of the total
nickel values, and the tailing from it analysed 1-5 per cent nickel, while
the tailing from the spigot products contained only 055 per cent and 0- 45 per
cent nickel respectively. Thereisno doubt that abetter saving could have
been effected by operating the table on a lighter feed, but it is very evident
that a further classification of the overflow product should be made before
attempting to table it. In the proposed flow sheet, Fig. 4, a third classifier
has been shown, which would divide this overflow product into a fine sand
product, and a slime ovelrflow product, for treatment on separate tables.

A better recovery was made in test No. 1, where the ore was tabled
direct without either sizing or classification, but this result was effected
by the slow rate of feed to the table. The table treated only 241-5 pounds
per hour, or 0120 tons, a rate of feed so slow as to be practically prohibitive.

Flow sheet, Fig. 5, gives the results that could be expected if classifi-
cation was dispenged with. '

Tt is also evident that flotation can be applied very successfully to the
table tailing after re-grinding, and we have found by more recent tests that
the recovery by flotation ean be greatly increased. -
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CRUDE ORE ,
“Crusher
Rolls

Trommel Screen 3¢

OverSize . " Under Size
Returned
to Rolls Hardinge Ml
in closed circuit

with Dorr Classifier
20 me.s:;l product

[ .
Roughing . Tables

7ailing Concentrates
Assay-1£0% N ) /I.fsay—a SYN.

. Hardinge Mill
\ Grinding to /50 mesh
: /n closed circuit
with Drag Classitier

Callow Cells

Roughér Tail Concent:
ougher1s/ls. - Rougher Concentrate
. o waste

~ Cleaner Tails. Concentrates
~to Rougher Celf Assay-8% to /OGN

Fia. 5. Flow sheet,‘conceri&ratéon test on nickel ore, Test 148,
o.

Test No. 3A
(See flow sheet, Fig. 6.)

Lot No. .—The ore was received in lump form, It was crushed in a
jaw crusher to 34", and ground in a Hardinge mill to pass an 80 mesh
- Callow belt screen. The oversize was returned to the ball mill.

Head sample...................... 2:60 per cent Ni.

Part of thls ore was floated in Callow cells, using soda ash and X-Y
‘ reagents.

Flotation concentrate

eight...... 359pounds
T I 1 3% Ni.
Reoovery. 6%
Flotation tailing
Welght...ioieiiiiniiiiieiiierinesrssencnessenesinees... NOt taken

Analysis..................................................1-0% Ni.
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CRUDE ORE
crusher
1
i
! Rolls
Trommell Screen s
Over Size Under Size,
' Returned
toRolls Hardinge Mill
in closed circuit
with Dorr Classifier
to 80 mesh

b

Callow Cells

I
Rougher Tails. Rougher Concentrates
Cleaner cells
C‘/eanelzr Tails Connelntrafss
Returned to Assay 8% to 107
Rougher Cells Wickel
7ables
Final Tailng Concentrates

to waste Assay-1.25% Vi
Assay-0 2% too47
Nickel

Fra. 6. Flow sheet, concentration test on nickel ore, Test 148,
Nob. 3A and 3B.

The flotation tailing was retreated without classification on a Wilfley
table,*with a No. 1623 deck.

Table concentrate

Weight....... Ceareniaas v et eneraer et e beran 1,198-5 pounds
Analysis, ........ Ceeentianens eereeneras e reeriararean 1-25% Ni.
Tabdle tailing
eight..
‘ Analysi
SUMMARY .
Product Weight |% of total] Analysis { Recovery
pounds weight % Ni. %
Concentrate No. La.....oovvvivniieiinnin. 369:0 |......0uuut. 11:80 |oeeeninnnnn.
“ L TR 1,198:5 {..ooniinnn. 125 |oemnnnnins
Total concentrate.........oovvvenenn. 1,557 7 ...cennt. 3-50 98-0
Total tailing....c..ovvevieennnnnann..l. P P 0-20 2-0
Recovery of nickel in flotation concentrate.............ccovvvvuen.. 65-0%

Recovery of nickel in flotation and table concentrate. .. vee
Analysis of nickel in total concentrate............covevivenirrninns 3-50%
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Test No. 8B
(See flow sheet, Fig. 6)

A further portion of this ore was treated by flotation, using oil, instead
of the X-Y reagents, and lime instead of soda ash. Reagents used: lime,
and a gravity fuel oil, with a paraffine base.

Flotation concentrate

’X’eulght........................‘.........‘...........L....;IOI()yc')ulr\ans
ALY B8, e e e -85 i,
RECOVEIY .\ iuenieneiiiieeenen 74-5%‘; Ni. content
Flotation tailing
Weight. ..o Not taken
ADAIYSIS. vt ev e v e et 0-90% Ni.

This tailing was tabled with the following results:—
Table concentrate

524 950 pounds
ADALYSIS ettt e e 1-70% Ni.
Table tailing
Welght, o oo i e Not taken
ANBLYBIB. e et et b 0-53% Ni.
SUMMARY
Product Weight |% of totall Analysis | Recovery ‘
pounds weight % Ni. %
Concentrate No. Lo.......oovvveviienneninnn.. 4 (1 O, VAT 3
“ e 950 [.ovvininnn, IV /78 P
Total concentrate................vvvvinnunns.. /1,660 ). ...l 4:12 91.3
Total tailing...oooovv e e, FEETS [RTPROTORINS 0-53 { - 8.7
Recovery of nickel in total concentrate............. v erraeereerees 91:3%
Analysis of nickel in total COnCENtrate. ... . vvvrrennr e s 4:129,
Tons of concentrate produced per ton erude......ooveevvrnnnnnnon, 0:58
' CONCLUSIONS

The flotation of this ore in these first two tests was not very successful
due to the difficulty in maintaining a froth on ‘the cells. A series of small
scale tests have since been made, and this difficulty was found to be due
to the ore not being ground fine enough. It was found necessary to grind
the ore fine for two reasons; first, to free the nickel-bearing mineral, and
second, to produce enough rock and sulphide slimes to stabilize and toughen
the froth in the flotation cells, so that it could be brought over.

The method of treatment, outlined in flow sheet, Fig. 6, and des-
cribed in test No. 3A, seems to be the most practical method of producing
the product required by the Burrows Refining Company.

It is evident that by the above process of treatment (see flow sheet
Fig. 6), namely that of treating the crude ore by flotation, and then tabling
the flotation tailing, great flexibility can be obtained. It would be possible
to produce a concentrate which would contain any desired ratio of nickel
to iron between the limits of 3-5 per cent nickel and 8-0 per cent nickel,
and still average a fair recovery. The copper content of this concentrate
would vary with the nickel content, and would range between 0-4 per
cent cu. to 1:25 per cent cu. ‘
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SomE SMALL ScALE TusTs BY FLOTATION

The object of these tests was to produce a high grade nickel-copper
concentrate by differential flotation.

Test No. 6
One thousand grams of ore was crushed in a small ball mill until 65

per cent passed a 200 mesh screen. The reagents used were 5 pounds soda
ash per ton and 1 pound X-Y reagent per ton.

Weight | Analysis Recﬁyery

Product grams i _—
Concentrate............ 307 6-60% 83-5% |Total recovery, assuming that 60% of the
Middling............... 142 1:80% [.0vevnanne Ni. content in middling could be recov-
Tailing.......ocovvnn... 538 0:45% [.......... ered in the concentrate, 87-7%.

Total..ooeeverennis 987
Test No. 6

One thousand grams of ore was crushed in a small ball mill until 68
per cent passed a 200 mesh screen. The reagents used were 3 pounds of
soda ash and 06 pounds of X-Y reagent per ton.

Weight | Analysis
Product grams Ni, Recovery e
Concentrate............ L1511 11-60% 68-7% |Total recovery, assumini that 60% of
Middling,.............. 201 2-20%, 17-5% the Ni. content in middling could be
Tailing...oeeeervennnen. 660 0-53% 13-7% | recovered in the concentrate, 80%.
Totalu.eennnnnnnn. 1,012 ' ’
CONCLUSIONS

A second series of these tests will be run at a later date, to determine
if it is possible by finer crushing to produce a higher grade nickel concen-
trate with a higher recovery.

These results are very encouraging, and show fairly conclusively that
the Sudbury ores can be concentrated by flotation.

Test No. 155

A shipment of 100 pounds of copper-nickel ore was received at the
Ore Dressing and Metallurgical Laboratories, October 10, 1921, from the -
International Nickel Company, Copper Clift, Ont. The ore was from their
No. 3 mine.

The object of the experimental work on this ore was to determine if
it could be concentrated by flotation.
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A number of small scale tests were made using the Alphabetical
reagents of the General Engineering Company. The results of this work
are contained in the two following tables.

Table No. I gives the results of tests Nos. 1, 2, 4 and 5. Recoveries
indicated include the actual recovery in the concentrate made, together
with 50 per cent of the copper-nickel values in the middling, which
would be recovered in practice by returning them to the rougher cells.
Table No. IT gives the results of tests Nos. 6 and 8, in which the middlings
were re-run without further grinding. With re-grinding of the middling
product, there is no doubt that higher recoveries could be expected.

TABLE 1
Analysis Content | Percentage Total
of values Recoveries
’%est CoIr;cerétration Weight p G
0. roducts grams : u. s U,
Cu | N L Ni| Cu. | N (| Cuf NE LN,
per | per |10 s, | gms. Cu. | Ni. { per | por per
cent | cent conb cent | cent. cent
1 [Concentrate.... 106] 12-50( 9-60[ 22-10] 13.25| 10-18] 93.2] 76.2( 95.3] 82.4| 89.1
Middling....... 147 0.40[ 1.13{......] 0-59] 1.66| 4-1] 124
Tailing......... 768 0.05| 0-20f...... 0-38] 1.52| 2.7 11.3
2 |Concentrate.... 75| 16-50| 10-20} 26-70] 12.87] 7-65| 88-3] b58.7[ 91.9] 68.8| 80:8
Middling....... 155] 0-65| 1.70!..... 1.01 263 7-2| 20-2
Tailing........ 785! 0-08| 0-35). ....[ 0-63[ 2.75] 4.5 211
4 |Concentrate.. 95! 13-66; 9-75f 23-41] 12-98] 9.26f 93.6| G9-8| 95-4] 78-3| 8§7-1
Middling....... 146 0+35] 1455)...... 0-511 2-26 3.7 17-0
Tailing......... 758 0-05) 0-23|...... 0.-38 1.74 2.7 13-1
5 [Concentrate.... 170( 7-40| ©6-20] 13-60| 12-58] 10-54| 92-0| 80-0| 93-9| 84.5! 89.2
Middling....... 94] 0-55] 1-27|...... 0-52| 1.19 3-8 9.0
Tailing......... 730] 0.08] 0-20}...... 0-58| 1.46] 4.2 11-0
Reagents used—
Test No. 1—06 1bs. soda ash, 0-24 1b. X-Y per ton.
¢ 2—5 Ibs. lime, 024 1b. X-Y per ton.
“ 4—2 1bs. lime, 3 1bs. soda ash, 0:24 1h. X-Y per ton.
“ 5—5 1b. soda ash, 0:24 1b, X-Y per ton.
. TABLE II
: Analysis Content Percentage of values
’i_‘est Colr;cercxltru%tion Weight G N G
o. roducts grams, u. i, U, Cu Ni . Cu
per | per | -+ Ni. : . Cu. Ni. s
cent | cent |per cent &ms. gms. + Ni.
¢ [Concentrate..... 376 7-60| 570 13.30] 28:58] 21.43 914 865 89.2
+ [Tailing.......... 1,504] 0-17] 0-21 038 271 3-35 8:6 135 10-8
Oré.vivveensnes coveased] 14561 1.24 2-80 31-29| 24.78 100:0 100-0| 100-0
8 |Congentrate..... 2921 910 | 7-50; 16-60] 26-57[ 21.90 967 834 90-2
Tailing..\.v.vv.. 1,675 0-055 0-26 0-31 092 4.35 33 16-6] - 9-8
Oreaivinens RPN cerean 137 | 1.31 2.68) 27-49] 26.25; 100-0/ 100-0| 100-0

Reagents used—
Test No. 6—5 lbs. soda ash, 0-2 1b, X-Y per.ton
Test No. 8—5 Ibs. soda a.sh 0-2 1b, X-Y per ton.

Nore.—T.T. Reagent gives similar results,
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Observations and procedure followed in conducting tests—There is no
difficulty in making a fairly high grade copper-nickel concentrate with a
good recovery of the copper-nickel values in the ore. The Alphabetical
reagents were used, being the most suitable for this class of ore. Further
work will be done using other reagents, to determine whether similar, or
better results can be obtained.

In using the Alphabetical reagents, the essential point is to carry an
alkaline pulp, obtained by the addition of lime, soda ash, or caustic soda.
Lime has a tendency to prevent some of the nickel from floating, but gives
a higher grade product. Soda ash gives the best recoveries, but a lower
grade product. A combination of the two seems to give the best results.
The chalcopyrite floats with remarkable ease. With soda ash alone,
without any other flotation reagent, a large proportion of it is floated.

No test work was done to determine the degree of fineness to which
the ore should be ground to obtain the best results. TFor the above tests
it was ground so that approximately 95 per cent passed a 200 mesh sereen.
The procedure was as follows: Ore erushed to 20 mesh; 1,000 grams were
ground wet in.a small ball mill, with the lime or soda ash required, for
about 40 minutes; a rougher concentrate and tailing were first made;
the rougher concentrate was re-cleaned, producing a concentrate and a
middling. In tests Nos. 6 and 8, two 1,000 gram lots were used following
the above procedure, in order to obtain sufficient middling for re-floating,
The concentrate from re-floating the middling was put with the final con-
centrate, and the tailing with the rougher tailing, so as to make only two
products, concentrate and tailing,.

Test No. 160

A shipment of 100 pounds of copper-nickel ore was received at the
Ore Dressing and Metallurgical Laboratories, October 20, 1921, and a
second shipment, November 15, 1921, from the British America Nickel
Corporation, Ltd., Nickelton, Ont.

The object of the experimental work on this ore was to determine if
it could be concentrated by flotation. :

A number of small scale tests were made using the Alphabetical
reagents of the General Engineering Company.

The first shipment of ore received consisted of fines, and was not
amenable to concentration by flotation methods. After a number of
experiments had been tried, the cause of the failure of the nickel to float
was found to be due to oxidation. It was found from previous tests, on
other nickel ores, that it is necessary to have freshly broken unoxidized
ore to obtain a good recovery of the nickel values by flotation. The nickel-
bearing mineral oxidizes very rapidly, and when slightly- oxidized does
not float readily. ,

The second shipment consisted of coarse lump ore, recently mined,
and was not subject to oxidation to the extent that was the case in the
first shipment of fines. It was on this second shipment that the results
fgiﬁen in the following table were obtained. This ore gave an analysis as
ollows:—
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The table following gives the results of tests Nos. 1 to 8. The re-
coveries indicated include the actual recovery in concentrate made, together
with the assumption that 50 per cent of the copper-nickel values in the
middling would be recovered in practice, by returning this product to the
rougher cells. This assumption has been checked in former tests by re-
treating the middlings, and found to be a conservative estimate. With
regrinding of the middling product, there is no doubt that higher recoveries
could be expected.

TFor the first seven tests, the ore was ground so that approximately
90 per cent passed 200 mesh screen. In test No. 8, it was crushed to pass
100 mesh screen, and so that 67 per cent passed 200 mesh. A screen test
on the feed of test No. 8 gave the following:—

Mesh Weight Per cent
grams
2.0 0-8
140 6-0
620 26+5
156-0 667
Totaleerrrrnenenseereeenennnnnn, R T 2340 100-0
REAGENTS USED
Test No. I—5 pounds per ton soda ash. . ..ouvuievininininrnninnns Ratio of dilution
0-24 pound per ton X-Y mixture......ovvnvirrnrnninnnn 1:4
Test No. 2—5 pounds per ton 50da ashl.. . .vuveireeerinnenenennnss Ratio of dilution
02 pound per ton Thio Fizzan.........coovvvvveevnnnn.. :
Test No. 3—>5 pounds per ton soda ash......... ey Ratio of dilution
0:24 pound per ton T.T. mixture...o..oovveenenneneenn. 1:4
Test No. /—5 pounds per tonsodaash..........ooovvivivnnneinnnn. Ratio of dilution -
1 pound per ton No. 84 gravity fuel oil................. 1:4
02 pound per ton No. 5 pine oil............ LN
Test No.5—b pounds pertonsoda ash.....oovvvni i iniinnenn, Ratio of dilution
024 pound per ton X-Y mixturc..c..ooovvvrinnnininins 1:8

Test No. 6—4 pounds per ton soda ash
1 pound per ton lime
02 pound per ton X~Y mixture

' Test No, 8—5 pounds per ton soda ash
1 pound per tou No. 34 gravity fuel oil (G.W. Oil Co.)
and No. 5 pino oil (G.N.S.)
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Results of Tests

Analysis Content Percentage Total
of values recoveries
Test Concentration Weight

No. Products grams Cu. Cu Cu.

Cu. | Ni. & | Cu. | Ni cul Nil & Cu.| Ni| &

% % | Ni. { gms. | gms. : | N % | % | Ni.

% ’ %

1 |[Concentrate......... 155 2-6 2| 8.8| 4.03| 9-61|87-4{82-6/84.0/90-0/86-8(87-8
Middling............ 1591 0-15( 0.62{...... 0-24] 0-98| 5-2] 8.4
Tailing.............. 694! 0.05{ 0-15 0-84 1-04] 7-4; 89

2 [Concentrate......... 175| 2.30| 5.75] 8.05| 4-03| 10-06(89-3]|84.7|86-0(90-7(87-0(88-0
Middling............ 118! 0-10| 0-45 0-12| 0-53| 2-7| 45
Tailing.............. 715) 0-05( 0-18 0-36] 1-29] 8-0{10-8

3 |[Concentrate......... 194] 2.15 5.26| 7.41| 4-17} 10-20{89-7|87-1|82-4/60-9|81-6/84-1
Middling............ 82| 0-15] 057 0-12| 0-47| 2-6! 3-8
Tailing.............. 7301 0:05| 0-29 0-36f 2-12| 7-7|10-6

4 |Concentrate......... 220} 1-90| 4-.80] 6-70| 4-.18| 10-56/91-5/88-5|89.3[92-3|90-3/90-8
Middling............ 144] 0-05] 0-30 0-07| 0-43| 1-5| 3-6
Tailing.............. 630] 0-05| 0-15 0-32| 0-94( 7.0 7-9

5 |Concentrate......... 64 3.05| 7-12f 10-17| 1.95| 4-56|83-7|76-6{78-6/86-3180-0(81-8
Middling............ 69f 0-17] 0-56 0-12[ 0-39| 5-1| 65
Tailing.............. 369f 0-07[ 0.27 0.26| 1-00{11-2(16-8

6 |Concentrate......... 66/ 6-65 13-36| 20.01| 4-39| 8-8282-1|73-0{75-7|84-9(79-6(81-2
Middling............ 129 0.25( 1.33 0.30] 1-62| 5-6[13-4
Tailing.............. 825 0-08[ 0-20 0-66| 1-65[12-3[13-6

8 lConcentrate......... 168! 2.70] 5.83| 8:53| 4-.53| 9-97]93-2(80-4{840194-6{85-5|88-1
- (Middling............ 205 0.07] 0-61 0-14| 1.25| 2-9[10-3
Tailing.............. 632 0.03[ 018 0-19| 1-14} 3-9] 9:3

SUMMARY

There is no apparent difficulty experienced in making a fairly high
grade copper-nickel concentrate, with a good recovery of the copper-nickel
values in the ore. The Alphabetical reagents were used being the most
suitable for this class of ore. ' .

In using these reagents, the essential point is to carry an alkaline
pulp, obtained by the addition of lime, soda ash, or caustic soda. Lime
has a tendency to prevent some of the nickel from floating, but gives the
higher grade product. Soda ash gives the best recoveries, but a lower
grade product. A combination of the two seems to give the best results.
The chalcopyrite floats with remarkable ease. A large proportion of it is
floated with soda ash alone, without any other flotation reagent.

8)
THE CONCENTRATION OF GARNET FROM ITS ROCK
R. K. Carnochan

There are considerable areas in Canada in which the rock formation
is favourable to the presence of garnet and other non-metallic minerals.

49130—6
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Under favourable conditions where deposits of these minerals are close to
rail or water transportation and where they are of suitable grade and
extent, they could be produced at a profit. Up to the present there has
been no production of garnet, but within the last year there has been more
or less activity in the way of exploration work on several deposits to
determine their extent, grade, and the commercial possibilities of estab-
lishing an industry in this country. :

Several shipments were received at the Ore Dressing and Metallurgical
Laboratories. Two were from the vicinity of Bancroft, Ontario, and one
from Depot Harbour, Ontario. The experimental work consisted of deter-
mining the garnet content, percentage of recoverable garnet, and methods
of concentration and separation of the garnet from the gangue. On account
of its favourable situation from a shipping standpoint for the disposal of
the concentration products, the work of the shipment from Depot Harbour
was more exhaustive, covering more detail than in the case of the other
shipments.

Test No. 150 (Part 1)

A shipment of garnet rock weighing 95 pounds was received at the
Ore Dressing and Metallurgical Laboratories, April 11, 1921, from Mr.
Robt. A. Bryce, Toronto, Ont. ‘

: The rock came from the-vicinity of Bancroft, Ont., and consisted
of garnets of fdir size in mica schist. '» .

It was desired that tests be conducted on ‘this rock to produce a high
grade garnet concentrate, on which the owner wished to conduct abrasive
tests.

A specimen was selected from the sample, and the balance was then
crushed in a small jaw crusher to pass 20 mesh, and screened on 40 and
100 mesh screens, with the following results:—

1bs. p.C.

28 30-4
37-5 40-8
26-25 28-5
0-25 0-3
92 100-0

- A small portion was cut out of each of the three sizes and tabled on
a small Wilfley table, with the following results:— :

—20 440...0irininnnnnnn. eeeeees Concentrates..... 159 gms.| 3:2% by wt. of heads
Middlings........ 806 “ 619, “ “
Tails....oiivanes 1,052 ¢ | 20-9% “ “
Loss.ccvoiiisne. 18 “ | 0-2% «“ “

_ Feedu..oinnnn.o. 1,580 “ |30:4% .* “.

—40 F100. .00 it «..| Concentrates..... 127 gms.| 2.8% by wt. of heads -
Middlings e 97 2-2% « “ oo
Tails.....cvu.... 1,500 « |35.3% “ “
1088 cnneernnnns 21 o« 0-59% “ “
Feed.oovvsuennnn 1,835 « 40-8% «“ “

Ee . | N Concentrates...... 82 gms.| 1.7% by wt. of heads
Middlings........ 90 ¢ 1:89%, “ s
Tails............ 1,147 « 23:0% “ “
Loss..cvuuinnnnns 100 « | 2.0% « “

Feedenon..n.... 1,419 « 12859 « .«
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A larger portion was then cut out of each of the three sizes and con-
centrated on a large Wilfley table, with the following results:—

=20 440, ... Concentrates... 2 Ibs. 2025. 3:1% by v't of heads
Tails.......... 116 “ | 23.49,
Loss.veerinennn 2« 10 “| 3-9% “ “
Feed........... 20 “ 12 “ | 30.49%, “ “
—40 +100. ...t Concentrates... 21bs. 5ozs. 3 3% by wt of heads
Tails.......... 25 « “
Loss...... ... e | off ‘ “
Feed........... 28 “ 8 “|408% “ o
=100, ..o e Concentrates... 11bs. —ozs.| 1.5% by wt of heads
Tailg.ooun.uns 12 ¢ — “ | 17.59,
| T 6 « 9« 9.5%, “ “
Teed...........10 “ 9 “ [28.5% “ “
CONCLUSIONS

A clean separation has been made of the garnet from the gangue.
The results of the above tests show that 7-9 per cent of the. weight of the
rock is recoverable as ‘garnet concentrate, that is, for every 100 tons of
rock treated 7.9 tons of garnet concentrates would be produced.

Tests were run on the magnetic separator and on the electrostatic
separator, but a poor separation in each case was obtained. The results
are not worthy of recording.

From the results obtained, a satisfactory method of dressing this rock
would be, crushing wet to 10 mesh, or possibly finer, classification, and
tabling of the classified material,

Test No. 150 (Part 2)

A shipment of garnet rock weighing 95-5 pounds was received at the
Ore Dressing and Metallurgical Laboratories, May 7, 1921, from Mz.
Robt. A. Bryce, Toronto, Ont.

The rock was from the vieinity of Bancroft, Ont., and consisted of
garnets of fair size in miea schist.

It was desired that tests be econducted on this rock to produce a high
grade garnet concentrate, on which the owner wished to conduet abrasive
tests.

A specimen was selected from the sample, and the balance was then

crushed in a small jaw erusher to pass 20 mesh and screened on 40 and
100 mesh screens, with the following results:—

1bs. p.c.
48 52-0
28-5 32-0
14-5 16.7
0:25 0-3
5 TV L N 92-25 100-0
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The —20 4 40, and the —40 4100, sizes were tabled separately on a
large Wilfley table, and the —100 material on a small Wilfley table, with
the following results:—

. ' Weight | Percentage
Size Product pounds by weight
of heads
—20 440 e, Concentrate... . 11.80 12.8
: Tails.......... 33-00 35.7
LoSS.eevernnnnn 3.20 3:5
Feed........... 48-00 52.0
=40 00 e Concentrate... . 774 8-4
Tails.......... 2000 217
) o 1.76 1-9
Feed........... 29.50 32-0
s L1 11J P N Concentrate... . 264 2.9
Tails.......... 10-25 11.1
LoSSeerevnnannn 1-61 1.7
Feed..o ...t 14-50 15.7
CONCLUSIONS

* A clean separation has been made of the garnet from the gangue.
" The results of the above tests show that 24-1 per cent of the weight of the
rock is recoverable as garnet concentrates, that is, for every 100 tons of
rock treated, 24-1 tons of garnet concentrates would be produced.

From the results obtained, a satisfactory method of dressing this rock
would be, crushing wet to 10’ mesh, or possibly finer, classification, and
tabling of the classified material.

Test No, 158
Source of shipment.—A shipment of 127 bags of garnet rock, weight
13,528 pounds, was received at the Ore Dressing and Metallurgical Labor-
atories, November 22, 1921, from a garnet deposit at Depot Harbour,
Ont. The deposit is 'situated on railway ground on the harbour, with
excellent shipping facilities for disposal of the. products The shipment
was made by Robt. A. Bryce, Toronto.

Ezxploration work.—The deposit was strlpped at certain intervals and
trenched. Moiled samples were cut from the bottom of the trenches. Some
twelve trenches were sampled in this manner, and each bag represented
a sample over a certain width along the trench. The trenches sampled
were marked 1 to 12, and starting at one end of a trench with sample A
for a certain length, followed by sample B, and so on in succession along
the trench and across the deposit until the ‘end of the trench was reached,
The stripping and trenching showed the width and extent of the deposit,
and determined to some extent the workable area from which the rock
could be extracted for the recovery of the garnet content.
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Purpose of the shipment.—The samples as submitted were for the pur-
pose of determining the garnet content of the deposit as far as exploration
work was conducted in the way of stripping and trenching over the area;
to determine the average content of recoverable garnet; and also for
determining methods of recovering the garnet from the rock in grades
suitable for the market.

Characteristics of the deposits.—The deposits cover considerable area,
as shown on the plan, in places over 200 feet wide, separated by bodies
of gneiss. They occur in the gneiss and are composed of garnets up to
one-half inch in size in a gneissic mica schist. The rock showed that it
contained approximately 15 per cent garnet, 55 per cent mica, and 30 per
cent silica and other gangue minerals. From tests made for the owners,
the garnet had high abrasive qualities, and was suitable for the trade.

Plan of deposits.—The accompanying plan shows the location of the
deposits; their extent as far as exploration work has proven them; the
stripping and trenches; those trenches which have been sampled for the
determination of garnet content and for material for experimental work
on methods of treatment for the recovery of the garnet; and also tables
showing the percentage of recoverable garnet. (See Fig. 7.)

Examination of garnet used for the manufacture of garnet paper.—The
greatest portion of the garnet consumption is used for this purpose.
It was, therefore, necessary to obtain some idea as to the size of the particles
used in the manufacture of the various grades of paper. Samples wers
secured which gave the following screen analyses:—

Per cent on mesh—Tyler standard screen Sc.
Grade No.
+20 I +28 I +35 | +48 | +65 [ +100 ' —100
. © 0.0 12.7 866 0-3 (127: 31 FAPURUUN PR
e et e e 0-0 0.4 98-3 0.8 0.4 (125" PR
L e 0-0 0.0 52.2 46.1 1.4 03 |.0ouven.
P 0.0 0.0 0.0 83-5 163 0-1 0.1
T 0-0 0-0 0.0 3-0 87:5 9.1 0-4

This test showed that the largest percentage of garnet used for the
manufacture of garnet paper was all through 20 mesh (Tyler Standard)
and practically all on 100 mesh, and as far as this particular trade was
concerned there was no advantage in providing a product coarser than 20
mesh, especially when a cleaner product could be obtained around this
mesh, as any attached or included gangue in the garnet erystal would be
released, and treatment on jigs could be eliminated, provided that the
reduction of the rock to this mesh did not result in an excessive amount of
fine garnet — 100 mesh. :

From data collected it is found that the grades of garnet produced
are known to the trade as Nos. 5, 414, 4, 314, 3, 214, 2, 114, 1, 14, 0, 2/0,
3/0 and 7/0. This means a considerably wider range than that given in
the above table, and probably from 3 mm. size to 200 mesh. The greatest
consumption is no doubt between 20 and 200 mesh. An examination of
the garnet erystals from this deposit shows that the erystals are more or
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less fractured, especially on the outside, and in order to produce individual
particles containing no fractures, reduction to 20 mesh is necessary. There
is, therefore, no particular advantage in making a jig produet, as this
product would probably have to be crushed in order to obtain particles
free from fractures. ‘

Egamination of garnet shipped from the trade.—Two samples of garnet
were secured, one of coarse material and the other of finer material. Sereen
a,nacllyses were made on both these products. Tyler standard sereens were
used. '

Mesh Coarse Fine
sample sample

The screen tests on these two products show that coarser material
than 20 mesh is shipped for' the trade, and material finer than 100 mesh
is used. It may be that the excess of coarse garnet is ground to the required
mesh after being concentrated as coarse as possible on jigs. An examination
of the coarser particles showed them to contain included gangue in the
fractures. The finer material may be used for the manufacture of the
finer grades of garnet paper. Whether it will be profitable to save the
fine garnet i1s a matter that will be determined in the milling practice.
The table duty for the recovery of the fines is low, so that it may be more
profitable to increase the rock tonnage to the mill and recover coarse
garnet, eliminating the fines with the tailings.

Procedure followed for determining percentage of recoverable garnet.—
Tach bag containing the sample was weighed and the contents crushed in
a small jaw crusher to about one-half inch, and a sample cut out by repeated
passes'through a Jones riffled sampler until & sample of from five to ten
~ pounds was obtained for the small test. The same number of passes was
" given each sample, so that the remaining large portion would bear the same
relation to the whole as before the samples were taken. This small sample
was then reduced to 20 mesh by stage crushing in a small set of rolls, so as
to’ make as little fines as possible.

The sample through 20 mesh was sized on 40 and 100 mesh, giving
three sizes, —20-+40,—40 4100 and —100. Each of the three sizes was
iun separately over a small laboratory type Wilfley concentrator, making
a congentrate, a middling, and a tailing. The middling product was re-run
in each case, making a concentrate and tailing. The concentrate was
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added to the concentrate from the first pass over the table, and the tailing
to the tailing from the first pass, so that only a final concentrate and tailing
resulted from the operations. In this manner the percentage of recover-
able garnet from each size was obtained, as well as the total percentage.
The results are given in tables following under the heading “Results of
 small scale test work on individual samples.”

After completion of the above small scale work, each concen‘mate——
—204-40, —404-100 and —100—from every sample was cut once in a
small Jones riffled sampler, one half was put back in the respective sample
containers, and the other half was combined, making up three concentrate
products, —204-40, —40+4100 and —100, each representing a sample of
one of the three sizes from all the samples submitted. Each of these three
sizes Wwas run over a magnetw separator to determine the percentage of
gangue still remaining in the various sizes so that a correction could be
made on the results of the laboratory table work. This is given under the
heading ‘““Magnetic Separation Tests on laboratory concentrator products.”

Results of Small Scale Test Work on Individual Samples:—
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Results obtained from 127 moiled samples of Garnet Rock from
Garnet Deposit, Depot Harbour

12 trenches:

Width Percentage garnet recovered Percentago X width
Trench | Sample] of . : -
No. No. safmple, —20--40] —404-100 | —100| Total |[—20--40] —40-100] —100| Total
cet
| PP A 14.00 6-95 5.29] 2.22| 14.46] 97.30 74.06} 31-08; 202 44
B 8.67 7.59 4.03[ 1.57| 13.19] 65-81 34.04f 13.61f 114-36
C 6:00 7-60 4.06] 1.60 13.26] 45-60 24.36] 9.60f 79.56
D 5:33 7.32 4.40[ 1.48 13.20 39.02 28.45] 7.8 70.36
1] 8.42 8.76 4.66] 1.97 15.39]  73-76 39.24( 16.58] 129.58
P 5-00 673 3-43[ 1.43] 11.59| 83.65 17.15] 7.15| 57.95
G 11.00] 6-86 4.59| 1.46] 12.91 75.46 50.49] 16-06 142-01
H 8.00 679 3.61] 1.317 11.711 54.32 28.88] 10-43} 93-68
I 8.58 786 3.33| 1.65] 12.84 (7.44 28.57] 14.16] 110.17
J 9.25 6.44 4.39] 1.58] 12.41| 59.58 40-59( 14.62) 114.79
K 6+00 6.78 4.68] 2.10] 13.56] 40.68 28-08) 12.60] 81-36
L 10-00 7-86 4.47] 2.18} 14.51] 78.60 44.70! 21.80] 145-10
Totalsand
averages| 12 10025 7:29 4.33) 1.75 13-371 731.22 434.51{175.63|1,341.36
2 A 14.00 §-18 4.211 1.62] 14.01 114.52 58.94 22.068| 196-14
B 19-00 9.06 3.09] 1.66 14-71 172.14 75.81] 31.-54] 279.49
C 12.33 7:20 3-791 1.41 12.40] 88.78 46.73) 17-38| 152.89
D 12.75 737 4.067| 1-38 13-42] 93-96 59.541 17-60; 17110
10] 13-33 7:95 3.70| 1.39 13.04] 105.97 49.32! 18.53] 173.82
r 12.33 652, 4.51) 1.21 12.24] 80.39 55.6G1] 14-92] 150.92
G 12.50 9.82 3671 1.71 15.20 122.75 45.87| 21-38| 190-00
H 12.67 608 3.75| 1.50] 11.93| 84.064 47.51] 19.00[ 151.15
I 12.33 1134 4.420 2.01 17.771 139.82 54.50) 24.78] 219.10
J 12.83 8.22 5-761 1.88 15.86 105-46 73-90] 24.12| 203.48
K. 12.83 8.08 5.761 2.00 16-74] 115-21 73:90] 25.66] 214.77
L 583 9.12 62:3] 3-43 18.78 53.17 3G-32] 20.00f 109.49
Totalsand
averages| 12 152.73 8.37 4.49[ 1.62[ 14.48(1,276.81 677.95(257.5912,212.35
: T A 8.01 8.01 7.28] 2.34] 17.63 64.08 58.241 18.72] 141.04
B 9.00 9.98 5.91] 2.24f 18.13] 89.82 53.19] 20-16f 163.17
C 14.00 10-13 4.20] 1.39 15.81} 141.82 60-06{ 19.46| 221.34
D 15-58 7.50 3:06] 1.51 12.131 117.78 47.67| 23.53| 188.98
B 16-00 603 2.92{ 1.21 10-16] 96.48 46.72| 19.36] 162.56
Totalsand!
averages! 5 62.58 8.15 4.25| 1.61] 14.01] 509-88 265-88|101.28| 877.09
[ ST A 10-42 7.08 4.26] 1.47) 12.76] 73.25 44.39] 15.32| 132.96
B 15.92 8.24 3.33| 1.45] 13.02{ 131.18 53-01] 23-08| 207.28
C 15-83 7:80 4.76] 1.85| 13.90] 11556 75.19] 29.29] 220-04
D 17.00 10-79 4.47] 1.08] 16-94| 183-43 75.99| 28.56| 287-98
B 15.00, 7-06 4.071 1.16! 12.29|- 105.90 61.05] 17-40[ 184.35
r 15-50 619 3-34| 1.42 10-95] 95.95 51.77] 22.01| 169.73
G 1583 629 3.25] 1.58| 11.12f 99.57 51.45] 25.01| 176-03
H 14.00 7.42 4.26] 1.73 13-411 103.88 59-04| 24.22| 187.74
I 12.58 5-95 5.16] 1.46] 12.57| 74.85 64.91] 18.37 158.18
J 12.83 8-33 4.81| 1.68 14.82| 106.87 61-71] 21.55{ 190-14
K 11.83 7-93 3-86( 1.30] 13-08 93-81 - 45.55| 15-38| 154.73
'L 8.50 9.07 3.78] 1.34] 14.79] 82.20 32413} 11.39 125.71
M 13+60 9-60 3.94] 1.65| 15.19] 129.59 53.19] 22.28{ 205:07
N 550 8-51 3.46) 1.59[ 13.56] 46-81 19-03| 8.75) 74.5%
Totalsand
averages| 14 184.24 7-83 4.07| 1.54f 13.43]1,442.85 749.00(282-61/2,474.47
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Results obtained from 127 moiled samples of Garnet Rock from
12 trenches: Garnet Deposit, Depot Harbour—Continued.

Width Percentage garnet recovered Percentage X width
Trenc. Sample| of
No. No. Safmple, —920440] —404-100 | —100| Total |—204-40] —40-4-100| —100| Total
eet
i A 11-00 7-10 265 1-28 10-93] 78-10, 28-05| 14-08| 120-23
. B 9-67| 10-84 4.05| 1-61| 16-50] 104-82 39-16| 15-57; 159-55
C 7:92 7:61 4.27 1-80| 13-68 60-27 33-82| 14:26] 108-35
D 10:25 9.44 5-18] 1.84] 16-41] 96-76 52-58( 18-86 168-20
B 9.83 8-49 3.72) 1.40| 13-61 8346 86-67| 13-76 133-79
P 10-83 839 3:49] 1-64 13-52| 90-86 37-80( 17.76 146-42
G 13-50] 7.21 5.27] 1-73] 14-21| 97.33 71-15( 23-36( 191-84
H 6-33 7-13 4.36f 179 13-28( 45-13 27-60( 11-33| 84:06
Totalsand P
averages| 8 79.33 8-28 4.120 1-62| 14-02) 656-73 326-73|128-98)1,112-43
Breerrnnns A 15-25 8-32 4.24] 1.90 14-46] 126-86 64-65] 28-981 220.51
B 13-83 8:43 8-65{ 098 17.96] 116-59 118-26| 13-55 248-39
C 1550 6-20 3-62| 1-24f 10-96| 9610 54561 19-221 169-88
D 15-00 7-62] 2.98 1.17) 11.77| 11430 44.70] 17-55] 176-55
E 15:25 6-18 3.13| 1.23] 10-54] 94-24 47.73| 18-76] 160-74
r 17-83] 12-09 4.70| 1.08[ 17-87} 215-56 83.80( 19-26 318-62
G 17-00] 17-11 2.47| 2-77| 22-35] 290-87 42.00( 47-09( 379-95
H 1550 17-43 7.33| 2-42] 27.18 270-17 113462} 37-51] 421-29
Totalsand
averages 8 125.16{ 10-58 4.55| 1.61| 16-74|1,324-69 569-311201-92(2, 095-93
Toveveevnd| A 12-42| 10-24 4.76| 1.85| 16-85) 127-18 59-12| 22-98| 209-28
B 10-00| 10-50 4.82 2.12[ 17-44] 105-00 48-20( 21.20( 174-40
C 11-42{ 11-44 529 1.59 18-32| 130-64 60-41} 18-16( 209-21
D 13-00f 10-12 4.29] 1.61 16-02| 131-56 55-77) 20-93| 208-26
B 13-50 997 4.64( 1-98 16-59 134-60 6264 26-73| 223-96
r 12-50 862! 4.70| 230 15-62 107:75 5875 28-75 195-25
G 15-67 8-96 5.45| 2-28] 16-69] 140-40 85-40| 35.73| 261-53
H 17-00 867 4.28| 1.83f 14-78| 147.39 72.76| 31-11) 251-26
Totals and ’
averages 8 105-51 9-71 4.76| 1.94| 16-41{1,024.52 503-05|205-59]1,733:15
F: S A 1642 9.13 4.101 1.51 14-74| 149-90| 67-32| 24-79 242.02
B 13-00 8.89 5:29( 1.95 16-13| 11556, 6877} 25-35) 209-69
- C 1367 854 4.03| 1-68] - 14-25] 116-74 55-09] 22-971 194-80
D 13-17] 11-18 4.69| 218 18-05| 137-24 71711 28.711 287.72
B 15-68 8:25 4.10f 1.83[ 14-18 128-54 63-88| 28-51| 220-92
F 16-33 7-76 3.67] 1.64] 13-07| 126-72 59-03| 26.70 213-43
G 15.75 8-56 4.27) 1.84 14-67| 134-82 67-24| 28-98 231-05
‘Totals and
averages 7 10092 9-01 4.50| 1-84| 15-35] 909-56 454.00]186-10]1,549-63
Qevennnn A 13-00f 11-59 5.62f 1-52 18.73| 150-67| 73-06| 19.76] 243-49
B 15-83 11-05 6.07¢ 1-89 19.01| 174-92 06-09] 29-92§ 300-93
C 13+17) 977 5-19| 1-98 16-94] 128-67 68-35| 26-08] 223-10
D 15-42 8-93 4.37 1.91| 15-21] 137.70 67-39] 29-45] 234.-54
B 14-00 8-51 5.22| 1-68 15-41 119-14 73.08| 23-52| 215-74
F 10.50 9.17 4.71] 1.99 15-87] 96-29 49-46| 20-90| 166-64
G 10-67 9.13 4.70] 2-04; 15-87[ 97.42 50-15| 21-77] 169-33
H 10:42)  11.44 4.94] 2-23| 18-61| 118-20 51.47] 23-24| 193-92
I 9-33 8-68 4.96] 2-00( 15-64] 80-98 46-28| 18-66] 145-92
J 12.25| 10-40 3.58| 1-62| 15-60F 127-40 43-86] 19-85] 191-10
X 11-00| 10-05 4-85| 1.91 16-81} 110-56 53-35| 21-01] 184.-91
L 11-58 8-60 5.09 1.77 15-46| 99-59 58-94( 20-50[ 179-03
M 9-67| 10-48 5-08] 1-68] 17-24| 101-34, 49.12| 16-25| 166-71
N 11-75] 11-04 5-44] 1.50] 17.98| 129.71 63-92| 17-63| 211-26
Totalsand
averages| 14 16859 9-93 5-01] 1-83] 16-77i1,673-58 844.52{308-54{2,866-63
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Results obtained from 127 moiled samples of Garnet Rock from
12 trenches: Garnet Deposit, Depot Harbour—Continued.

Width Percentage garnet recovered Percentage X width
Trenel | Sample| of
No. No. sa{mple, —20-+40] —40--100] —100| Total |—20--40| —40--100] —100] Total
cet
10,.0.... A 7:00 8-16 3:91f 1.83 13-90] &7-11 27.37{ 12-81 97-30
B 11-00 7°18 354 1.39 12-11 78:98 38-94 15-29| 133.21
C 950, 667 3:16f 1-35 11.18 6337 30:02| 12-83| 106-21
/ D 1200 5:38 3:82{ 1-13 10-33 64+ 56 45-84( 13-56] 123-96
B 11-83 6-78 3:67{ 1.12| .11.57 80-21 43-42| 1325 136-87
I 10-00 646 4:24| 1.55 12.25 6460 42-40| 15-50( 122.50
G 10-33 775 4.18] 1-53 13:46] 80-06 43-18( 15-80| 139-04
H 9-33 668 3-88] 1:60 1216 62:32 36-20| 14-93| 113-45
I 11-00 4.87 5.16] 188 11-914  53-57 5G-76] 20-68| 132-11
J 10-00 554 4.24) 1.52] 11-30[ 55.40 42.40] 15-20| 113-00,
K 12467 9.42 4-921 1.58 15-92| 119.35 62.34] 20-02| 201-70
L 14-42 7:15 3-74| 1.271 12-16| 102-89 53-93| 18-31| 175.36
M 12-00 8:40 4.56| 1.58 14-54| 10080 54.72] 18-96] 17448
N 13-58 7-70 4-68| 2-23 14-61; 104-57 63+ 55| 30-28 - 198-40
(o] 14.00 5:88 3.69] 1-55 11-12| 82.32 51:66] 21.70; 155-68
P 14-00 735 3:26] 1.11] 11-72{ 102.90 45-63| 15-54| 164-08
Q 16.75 797 4.43| 1.55| - 13-95] 133-50 74-20f 25.96] 233-66
Totalsand
averages 17 199.41 7.05 4:07 1.51 12.64|1,406-51 812-56301-94/2, 52101
BY PO A 10-17 815 5-05 1.70{ 14.90| 82-89 51-35; 17.28 151.53
B 13-00 9.25 4.55 1-94] 15-74] 120.25 59-15( 25.23) 20462
C 14-00] . 8:33 4:28 1.94 14.55| 11662 59-92| 27.16] 203:70
D 13-42 8:44 5-19( 2.23 15-86 113-26| . 69-656 29.03| 212-84
B 14-00 9.70| - 6:26] 2-13 18:09] 135-80 87-64| 29.82 253-26
I 15:00 10-13 6:75| 3-15| 20-03| 151.95 101-25| 47.25| 300-45
G 15+50 8.21 5:881 2.20| 16-20] 127-26] . 91-14| 34.10f 252.50
H 13-83 800 4:45! 2.44 14-89| 110-64 61-54| 33-75] 205-93
1 13-42 8- 06| 4.24] 1.86 14-16] 108-17 56-90] 24.96| 190.03
J 13-25 7-08 4-78 2-17 14.03] 93.81|'  63-34| 28.75 185.90
X 13:00 9:12 4.36) 1-62( 15.10] 118.56 56-68| 21-06] 196-30
L 1267 8:G8 4.29[ 1.46 14-43( 109.98 54-35) 18:50] 182-83
M 13:-00 7+69 4.38] 1-82 13-89] 99-97 56-94( 23.66] 18057
N 12:75 8:53 4:67| 1.69 14-89] 108-76 59.54| 21.55! 189-85
(6] 15-58 7.33 3+15( 1.49 11-97) 114.20 49-08) 23-21| 186-49
Totalsand
averages) 15 202-59 8.42 4.83 2:00 15-25(1,712-12 978-47 (406-2013,096-80
12..... A 14.00 968 4.35] 1.49 15-52] 135.52 6090} 20-86| 217.28
B 12.00 10-41 4.92] 1.69 17:.02| 124.92 59-04] 20.28| 204.24
C 9:00 5.44 4.31] 225 12.00] 48-96 38.79| 20.25| 108-00 .
D 10.00 7:34 3-55| 1.08 11.971  73.40 35-50( 10-80[ 119-70
B 12-00 7-46 4.00[ 1-48 12-94]  89.52 48:00| 17-76] 155-28
r 11.58 G-88 - 3-66) 1.83 12.37 79-67| 42.38| 21-19] 143.24
G 13-00 10.01 413 2.24 16-38( 130-13 5359 29.12( - 212.94
Totalsand
averages 7 81.58 8:36f . 4-15 1.72 14:23| 68212 338-30| 140-2(61,160-68
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Magnetic separation tests on laboratory conceniration products.—Three
samples of the garnet concentrates frgm the small tests, representing the
three sizes of concentrates produced, were obtained by cutting each sample
into two portions, one of which was returned to the sample envelope from
which it was taken, and the other used to make up the sample for the
magnetic separation tests. In this manner a sample of 32 pounds repre-
senting —20-4-40 concentrate; a sample of 16 pounds representing —40
4-100 concentrate; and a sample of 6-5 pounds representing the —100
concentrate was obtained. Iach of these sizes was run through a magnetic
separator, making a finished garnet product and a tailing. The results
are given in the following table:—

Weight Magnetic Non-magnetic | Per cent by

Madterial product product ngg}ft
na,

Pounds |Per cent| Pounds [Per cent| Pounds |Per cent| concentrate
=20 440, 32:0 58.7 260 81:3 6-0 187 59-1
—40 4100.......000iiiiiiinnnn 16-0 29.4 13-0 81-3 3:0 18-7 29.5
=100.... e 6.5 11-9 5:0 76-9 1.5 23-1 11-4
Totals and averages............. 54-5 | 100-0 44.0 807 10:6 19.3 100-0

This test showed that the concentrate produced on the small table
still contained some gangue, and that this gangue could be eliminated by
the use of magnetic separators, removing the garnet from the gangue.
The gangue material remaining in the table concentrate consists of material
approaching the specific gravity of garnet. In the —20--40 concentrate,
81.3 per cent is clean garnet concentrate; in the —40--100 concentrate,
also 81-3 per cent; and in the —100 concentrate, 76-9 per cent. The per-
centage of garnet recovered as recorded in the small table tests, will have
to be corrected to give the actual recovery as finished concentrate. From
the above table it will be seen that the finished concentrate consists of
59-1 per cent —20-+40 mesh, 29:5 per cent —40-100 mesh, 11-4 per
cent —100 mesh. It is also seen that table concentration gives as clean a
product on the —404-100 material as on the —20--40 material.

The following table gives the actual recovery of garnet in finished
concentrate, as determined by the magnetic concentration tests on the
table concentrate. In each case the recoveries indicated in former tables
are multiplied by 81-8 per cent in the —20-4-40; by 81-3 per cent in the
~40-+4100; and by 76-9 per cent in the —100. This is done for the twelve
trenches.
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Table giving Correction Results of Small Scale Work
BLOCK “A™

Percentage—finished concentrate

Number | Width of

Trench No. of sample, | —20--40 [—40 4100 —100 Total

. samples feet factor factor factor factor

81.3 81.3 76-9 80-7
12 100-25 5.93 3+52 1-35 10-79
<12 152.73 6-80 3.65 1.25 1169
b 6258 6.65 3:46 1-24 11.31
14 184-24 G-37 3:31 1.18 10-84
8 79-33 6:73 3:35 1-25 11.31
8 125-16 8-60 3-70 1.24 13+51
59 704-29 6-83 349 1-25 11:57

BLOCK “B”
7; ............................... 8 105-51 7-89 3:87 1-49 13-24
P - 7 100-92 7-33 3-66 1.41 12-39
D aaseearareniaiaanas 14 168-59 8.07: 4.07 1.41 |, 1353
Totals and averages.......... I 29 | 375.02 I 776 3.87 I 1-43 | 13-06
BILOCK “C”
17 19941 5.73 3-31 1-16 10-20
15 202-59 6-85 3.93 1.54 12.31
7 81-58 6-80 3.37 1.32 11-48
39 48358 6-45 354 1-34 11-33
BLOCKS “A”, “B” AND “C"

59 704-29 6:84 |  3.50 1.25 11.57
.. 29 375.02 7.76 3.87 1.44 13:00
1012, et 39 483-58 6-46 3-54 1.34 11-33
Totals and averages......... 127 | 1,562-89 6-97 3-61.| 1.31 | 11-89
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Percentages obtained from Weights of Samples

Number | Weight of Percentage garnet recovered Weight

Trench.No. of samples, percentage

samples | less small of garnet

samples Total —~20-+40 |—40+100 —100 recovered
12 1,368 13-27 7.23 4.30 1.74 18,249.95
12 1,132 14.47 8.37 4.48 1.62 16,383:72
5 511 14.65 8-52 4.44 1.69 7,486-78
14 1,313 13-44 7.83 4-06 1-54 17,642-54
8 691 1404 8-29 4-13 1-62 9,703-04
8 695 16.96 10-72 461 1-63 11,784-81
8 777 16.53 9.78 4.50 1-95 12,847.34
7 683 15-05 8-83 4.41 1.81 10,277-52
14 1,415 16-67 9-87 4-98 1-82 23,594-67
17 1,466 12.55 7.00 4-03 1-51 18,405-18
15 1,311 15-28 844 4-84 2:00 20,026-06
7 617 13-96 820 4.07 1-69 8,611-32

Totals and
averages.... 127 11,979 14.74 8:569 4-41 1.71 174,994.93
Factor | Tactor | Factor | Factor
80-7 81.3 81-3 76-9
Correction for finished concentrate........ 11.89 6-98 3.59 132

Procedure followed for determining methods of treatment.—After each
of the samples had been crushed to one-half inch and the small sample
cut out for the small scale laboratory tests to determine the garnet content,
the remaining portion of the samples from each trench were mixed together,
making twelve large samples, each representing a trench. These lots
were uged for the larger tests to determine methods of treatment, and as
the tests made were not all similar in methods of procedure, each test is
described separately below in the order in which they were run.

Trench No. 10.—After the reduction of the samples to 12 mesh, some
mica was removed by a light suction. One-half of the 12 mesh material
was classified into three products and a classified product fed to the con-
centrating table. The other half was sized and a sized product fed to the
table. This was done to compare the work of the table on a classified and
sized feed.

Trench No. 1 1 .—After reduction to 12 mesh and the removal of some
mica by a light suction, the material was screened wet on 34 mesh, and 80
mesh Callow belt sereens, and each size tabled.

Trench No. 9.—Procedure similar to Trench No. 11.

Trench No. 4.—After reduction to 12 mesh, the mica was removed
by medium suction. The —12 mesh material was sized wet on Callow
belt sereens, 34 and 80 mesh, and each size run separately over a Wilfley
concentrator. A sample of the mica product was screened and each size
tabled to determine the garnet content in the mica produet.

Trench No. 2.—After reduction to.12 mesh, the mica was removed
by a strong suction. As very little fines remained in the —12 mesh material,
it was screened wet on a 34 mesh Callow belt screen only, and the two
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sizes made were run separately over a Wilfley concentrator. A sample
of the mica product was sized and each size tabled to determine the garnet
content of this product.

Trench No. 1.—Same procedure followed as on the samples from
Trench No. 2. Suction used was not quite as strong.

N Trench No. §—Same procedure followed as on the samples of Trench
o. 1. : ‘ ,

Trench No. 6.—Same procedure as on the .samples of Trench No. 1.
Trench No. 7.—Same procedure as for samples of Trench No. 1.
Trench No. 8—Same procedure as for samples of Trench No. 1.

Trench No. 12.—After reduction to 12 mesh and the removal of a mica
product by suction, the material was classified to remove any slime, sized
wet on a 34 mesh Callow belt sereen, and each size run separately over a
Vilfley concentrator, making a concentrate, middling, and tailing. In
the case of the coarser size, the concentrate was screened on a 24 mesh
Callow belt screen, making a finished concentrate and a middling. The
middling from the first run over the table was re-run, making a concen-
trate and tailing. This concentrate was screened on a 24 mesh Callow
belt screen, making a finished concentrate and middling.- The middlings,
or throughs, from the screening were added together and re-tabled, making
a concentrate and tailing, the concentrate from which was sereened on a
34 mesh Callow belt screen, making a finished concentrate and middling.
The middling from this operation was added to the —34 mesh material to
be tabled. A similar procedure was followed with the —34 mesh size,
except that screening was done on a 44 mesh Callow belt screen.

Trench No. 8—Same procedure followed as for samples of Trench No,
12, with the exception that no mica product was removed.

Procedure followed and results of test work on samples from Trench No. 10.
—The samples from this trench were crushed in rolls set at 4"/, and screened
on a Ferraris shaking screen fitted with 12 mesh screen, and with suction
take off at the discharge end, for the removal of the mica. The oversize
was returned to the rolls, until all passed through the sereen or was removed
by the suction. The suction used was low so that only a small amount of
mica was removed in this manner,

Product Weight | Per cent of

) . : pounds feed
BUCHION. 1.1 oo oo eeeee et ee e et . 03 6+46
B 28 1 =) + VP 1,288 89-44
B T T 59 | . 4.10
T 1,440 100.00




170

The —12 mesh material was cut into two equal portions. One was
classified into three products in a two-spigot launder classifier, and each
run separately over the Wilfley concentrator, giving the following results:—

Produet Weight | Per cent of

pounds heads
Coarse ConCentIate. ... ..vuvt ittt ieret it s 455 6-32
Medium Coneentrate.. ... c.vere et tierintrerrernaeenrieeernrsrrnsennss 44.5 6:18
TNe COMCBNEIAte, .\ \vt ettt e ettt i v ae i n e 6-5 0-90
Total coneentrates......ovuvrrie e eirineanns 96-5 13-40

The other portion was screened wet on 34 mesh and 80 mesh Callow
belt screens, and each size fed separately to the table, giving the following
results:—

Product Weight | Per cent of

pounds eed
12534 coneentrate.. . ...uuiii i i e s 62-0 8.61
—844-80 CONCENtIATO. . o\ vvv vt e e e e iy 24.0 3.33
~80 [ETe3 T3 117 TR P 11-5 1.60
Total coneentrates.. ..o vvvrvierernrinnnerinnnennnnenns 97.5 13.54

A comparison of the concenirates produced in the above tests on two
equal portions of the —12 mesh material shows that the larger amount
and better grade of concentrate was obtained on a sized feed. It was
found that the table worked better on a sized feed than on a classified feed,
so that a sized feed was used in all subsequent tests.

Procedure followed and results of test work on samples from Trench No. 11.
—The samples from this trench were reduced to 12 mesh and mica removed
as in the preceding tests, with the exception that very low suction was
used, taking off less mica produect.

Product Weight | Per cent of

pounds feed
LTy 1oy VP 11.5 0-88
~12 mesh 1,226+5 9355
Dust loss........ 73-0 5.57

1,311-0 100-00




171

The 12 mesh material was screened wet on 34 mesh and 80 mesh
Callow belt screens, and each size fed separately to the table, with the

following results:—

Product Weight | Per cent of

pounds heads
12434 COMECIEIREC. «vvvvuevsserarsvenereneasanensanereneesenearenenss 128-25 9.78
—34-}-80 CONCENEIALR. o0t vsee i vttt cveet e it i 57.00 4.35
—80 concentrate, ....vveeviniiiiann, e e 24.75 1.89
Total Coneentrates. . cv..eir e irereerrierieeerianrnenns 210-00 16-02

Procedure followed and results of test work on samples of Trench No. 9.—
The same procedure was followed as with the samples from Trench No. 11.
The suction used was similar to that employed on the samples from Trench

No. 10.
Product Woight | Per cent of
. pounds heads
S 10T 7 10 DV 8000 5.66
—12 mesh.. 1,276-75 ' 90.29
Dustloss.....ooovviniiiiann e e e e e e 57.25 4.05
1,414.00 100-00

The 12 mesh material was screened wet on .34 mesh and 80 mesh

Callow belt screeng, and each size tabled separately:—

Per cent of

Product Weight
pounds heads
~12-1-34 concentrate. 155.5 11.00
~—34-}-80 concentrate 58.5 4.14
-80 concentrate 25-5 1.80
239.5 16.94

Total Coneentrates. . .couvvrreisneniereireriiecarvonensnens
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Procedure followed and resulis of test work on samples of Trench No. 4.—
The samples from this trench were reduced to 12 mesh in a similar manner
to the preceding ones, with the exception that a medium suction was used
at the feed end of the screen, and some oversize, consisting of mica, was
not fed back to the rolls.

Product Weight Per cent of

P pounds feed
Suetion................... TP PPRPN 2130 |~ 16-22
~12mesh. . e 1,034:0 7876
12 mesh (I0ICA) .t vt vttt it e e 7.6 0-57
B DT 1 TR N b8:5 4.46
Feed............ P 1,313.0 100.00

The 12 mesh material was sized wet on 34 mesh and 80 mesh Callow
belt screens and each size tabled:—

Product Weight Per cent of

pounds heads
—12-4-34 COMCENETAL. v vereesreae s et inrrettreniassersssriosseossrsanes 117-00 8.91
—=34-4-80 CONCENETAtO. . vvvier it ererr i riniiuiiierieniieiirieiaaaias 37.26 2.84
~-80 (00 1T 1 2 Y 12.50 0-95
Total ConCentrates. ...oeeeerneeeerrerrseeurrsersesonenenes 166.75 12.70

As the suction was applied at the feed end of the shaking screen, a
certain amount of fine garnet was drawn up with the mica into the collect-
ing tank. A sample of the suction product was screened, and the various
sizes tabled to determine the percentage of garnet in this mica product.
It was found to contain 0-68 per cent of the weight of the sample of Trench
No. 4. This added to the 12-70 per cent recovered in the table concentrate
would give as value for the trench, 1338 per cent garnet concentrate.
The suction product contained 4-21 per-cent garnet, 0-09 per cent coarser
than 35 mesh, 4-12 finer than 35 mesh. Any garnet lost in the suction
product was very fine, the greater proportion of which would be lost in
subsequent tabling operations if left in the material fed to the table.

Procedure followed and results of test work on samples from Trench No. 2.
—The samples from this trench were crushed to 12 mesh in a similar manner
to those of Trench No. 10. A strong suction was used to remove the mica
at the feed end of the shaking screen:—

Weight Per cent
Product pounds of feed
ST 7 1o 563-5 49+15
SIS e, SEURRTIRRR 519-0 45.27
BB 1T U T 64-0 558
Y PP 1,146-6 100-00

49130—7
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The strong suction used removed almost 50 per cent of the feed to the
sereen, and delivered to the collector the mica and fines. ” It was, therefore,
not necessary to make three sized products for the table. The —12 mesh
material was only sized wet on a 35 mesh Callow belt screen.

. Weight Per cent

Product pounds of heads
— 1234 concentrate. . ciinn i i e i i e 10175 9:02
B 1031753185 13 A 21-25 1-88
Total coneentrates. . .. . uven..... e e 123-00 10-90

A small scale test was made on a sample of the suction product. It
was found to contain garnet representing 3-70 per cent of the weight of
the samples of Trench No. 2. This added to the 10-90 per cent recovered
in table concentrate would give a value for the trench of 14.60 per cent
garnet concentrate. The suction product contained 7-53 per cent garnet,
1.94 per cent --35 mesh, and 3-59 per cent —385 mesh. These results
show that too strong a suction was used, removing too much garnet with
the mica.

Procedure followed and results of test work on samples from Trench No. 1.

-—The samples from this trench were crushed to 12 mesh in a similar manner
to those of Trench No. 10. A strong suction was used to remove the mica
at the feed end of the shaking screen. The suction was not quite as strong
as that used in the preceding test on the samples of Trench No. 2.

Weight Per cent

Product pounds of feed
BUCHOM .+ 1 e vt e e eseer e ea et erateeineiterteganeeeeis e 6090 44.57
g .11 687-0 5027
L 1T 70-5 5.16
Foedusuarnerneinirenieenans e 1,365 100-00

The —12 mesh material was sampled and the balance, 681-5 pounds,
was screened wet on a 34 mesh Callow belt sereen, and the two sizes fed
separately to a Wilfley concentrator. :

Weight Per cent

Product pounds of heads
—12-434 concentrate. ) 116-0 8-55
—34 concentrate......... 31.0 2:29

Total concentrates.......ovvvvneninns Veerereaniias e eirareeaes T 14740 10-84
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A small scale test was made on a sample of the suction product. It
was found to contain garnet representing 2-25 per cent of the weight of
the samples of Trench No. 1. This percentage added to the 10-84 per cent
recovered in table concentrate would give a value for the trench of 13-09
per cent garnet concentrate. The suction product contained 5-06 per cent
garnet, 0-67 per cent -+35 mesh, and 4-39 per cent —385 mesh.

Procedure followed and results of test work on samples from Trench No. 6.
—~Same procedure followed as on samples from Trench No. 1.

Weight Per cent

Sereen product; pounds of heads
BUCHION. .ot v e i e Cheeeniaes Cerrees 292:0 42:35
=12mesh. .. i e e P PN . 349-0 5062
Dust 108800t vuevarinnnss e ey Ceveenes .. 485 7.03
YT P 6895 . 10000

Weight Per cent

Table product . pounds of heads
~ 12484 coneentrabe. covvirerr e erreereinn. Creens P PR 60-0 8:86 ,
34 CONCEIEIAEC. tvuerrarsnrr et eareneurniensrnesrrenrossonrocrnrrosnsens 14:5 2.14
Total concentrates...... e eer et ae et ereas veree 745 10-99
Suction product....v.vrevrrererensrensnensss iveeeneas . 0:75% 35 mesh

5:14% —3b mesh

Total......... veesess D:89% pgarnet, .
representing 2-49 per cent of heads, making a total value for trench —13+48 per cent.

Procedure followed and results of test work on samples from Trench No. 6.
—~ame procedure followed as on the samples from Trench No. 1.

Weight Per cent

Sereen product pounds of heads
(313151 91¢) 1 D P . 296-0 42.68
~—12 mesh........ 3585 4170
Dust loss......... 39-0 562
Feed......... s eeiaes e eaeiiasee, P | 693:5 100-00

Weight Per cent

Table product pounds of heads
—12--34 concentrate............ Cerirsecenians e ereeceeraaraaeaes ceeves 81-00 " 11.88
—34 concentrate........... PPN 14-75 2:16
Total concentrates............... e rrrennee 9575 14-04

Suetion product....... R T T P 1:-56% 35 mesh

5.49% ~—35 mesh

Total.... 7-04% garnet,
representing 3:00 per cent of heads, making a total value for trench, 1704 per cent.

49130—7%
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Procedure followed and results of test work on samples from Trench No. 7.
~—8ame procedure followed as on the samples from Trench No. 1.

Weight Per cent

Sereen product pounds of heads
BUGLION. 1+ v\ttt ee et et ce ettt s et et et e e s e e e e e 381-0 48.78
—12 mesh, 378:0 48:40
DUSE 1088 sttt ittt i e e e i e e e i e naans 22-0 2.82
L NPT RP RPN .. 7810 | 100-00

Weight Per cent

Table product pounds of heads
~12+4-34 concentrate....... b e e i e et 875 11.37
~34 coneentrate. oo e e e e e i85 2-40
Total concentrates. .......cvviieiiiiiiieiiieneineennanns e 106-0 13-77

Suction product.......ooviviniiiiiiiiinn., Creees eessenes 1:26% 435 mesh

5:66% —385 mesh

. Total..... . 6919 garnet, .
representing 3-37 per cent of heads, making a total value for trench, 1714 per cent.

Procedure followed and results of test work on samples from Trench No. 8.
—Same procedure as on the samples from Trench No. 1.

.| Weight Per cent
Screen product pounds of heads -
Suction............ e, 311.0 4517
—12mesh......oieevninnninnns . 357-0 51-85
Pust loss. .o viiiiiiieniiienneneans R 205 2-98
T 688-5 100-00
Weight Per cent
Table product . pounds of heads
—12-4-34 concentrate. .. oiii i i i i e e et 68+50 10-10
B L T 1 11 1 S 17.75 2.62
Total concentrates..... e riereaiians [ ceerans 8625 12-72
Suction product......covuurn.. Crteeeeirrieriettiaannan vos 0498% 35 mesh
6:20% ~—35 mesh
Totalisesiarneenss . 7:18%, garnet,

representing 3-24 per cent of heads, making & total value for trench, 15-96 per cent
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Procedure followed and results of test work on samples from Trench No. 12
—The samples from this trench were crushed in rolls set at §”’ and screened
on a Ferraris shaking screen fitted with a 12 mesh screen and with suction
take off at the feed end. The oversize was returned to the rolls until all
passed through the screen. :

Weight Per cent
Product pounds of feed

Suction 2995 48-50
—12 mesh.. 301-0 4875
Dust loss.. 17:0 276

Feed 617-5 100-00

The —12 mesh material was fed to a Dorr drag classifier to remove
any slimes, and the sand screened on a 34 mesh Callow belt screen, making
two sizes, which were fed separately to a Wilfley concentrator. The sub-
sequent procedure can best be illustrated by the following flow sheet:—

~2+34 SIZE ' 34 Sl/ZE
7ab/le Zazlﬁle
00!/703. /h’/’ol’a’s‘ 7[7]/7.5*. 00/'703. /I//Jla’z/s. 7&!73
Table Table
Cones. 7ails. Concs. 7ails
24 me.s/; SCreen 24 mesh screen A4 mesh screen LELmesh screen
ﬁ'/z/lsgeo' Concs. /1//'0"059. ﬁh/lsl/zed Cones. Mlo’ds.

]
ﬁhis//'e.rd cones. Mb’i/s fnished Concs. A//%’o’s,

Taple

7ab/e

|
Copces. 7a/ls. ﬁh/s/rl;o’ concs. Jarls.
34 mesh screen

Finished Concs.  Midds.

Tra. 8. Tlow sheet showing procedure in testing samples of garnet rock from Trench No. 12,
Depot Harbor, Ont.
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294.5 pounds of —12 mesh material was fed to the classifier. There
were 85 pounds of slime overflow, and 286 pounds of sands for concentra-
tion, 114 pound of material was cleaned up after the test.

Weight Per cent
Product pounds of heads
B4 A LLT 12 1K 1 O 19:5 3-23
~+-24 concentrate from middling........vvviiiiiiiiiiiiii it 15+5 2.57
~+-34 concentrate........... PR N 75 1-24
44 CONCENEIATE. . ov v v vt u syttt et ie i e e e tie e, 2:5 0-41
~+-44 coneentrate from middling.......oviviniiiiiiiiiiii it e 4-0 0:66
—44 COMCENEIALE. . vt tvi ittt it iit i e it e 4.5 0-75
Total Concentrates. . ouuu i iie it iiererennannronnnrseninenes 535 8:86
Suction product.............. RPN Cerraaas . 0:71% -85 mesh
5:84% —35 mesh

Totaleoooivininnn,, 6-55%
representmg 3-18 per cent of heads, making a total value for trench, 12-04 per cent

Procedure followed and results of test work on samples from Trench No. 8.
—The samples from this trench were crushed in rolls set at 3/ and screened
on a Ferraris shaking screen fitted with 12 mesh screen. No suction was
used to remove the mica. The oversize was returned to the rolls until all
.passed through the screen.

Weight Per eent

Product pounds of heads
—lé DT S P P AP 4830 9226
S T 405 774
3 T TR N P ' 523-5 100-00

The —12 mesh material was fed to a Dorr drag classifier to remove
the slimes, and the sands screened on a 34 mesh Callow belt screen, making
two sizes, which were fed separately to a Wilfley concentrator. The sub-
sequent procedure is the same as that given in the flow sheet under trench
No. 12. 474-5 pounds of —12 mesh material was fed to the classifier.
There were 15 pounds of slime overflow, and 459.-5 pounds of sands for
concentration. 0-5 pound of material was cleaned up after the test.

Weight Per cent

Product ) pounds of heads
424 concentrate......oov... ... 17-5 3-41
--24 concentrate from mlddlmg TS N et e 125 2-43
+34concentmte....................‘.....‘.....‘..‘......‘............. 7-5 1:46
~+-44 concentrate............. 7-0 1-36
~-44 concentrate from mlddlmg. p 3.0 058
—44 concentrate....oviiiivienins N e e 16-0 3-11
Total concentrates......... Ceeeraaes N 63-5 1235
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This test and the preceding one were made to determine whether a°
finished concentrate could not be produced by screening the -table con-
centrate and re-tabling the throughs. It was found that the screened
product was very clean, but that it was difficult to obtain a clean con-
centrate by re-tabling the throughs or middlings, as the gangue material
contained in them was of almost the same specific gravity as the garnet.
These points were determined by magnetic separation tests made on the

concentration products.

SUMMARY OT RESULTS FROM LARGE SCALE TESTS ON TRENCH SAMPLES

Por cent concentrates
Trench No,
In suction
—124-34 —34-1-80 —80 product Total
0. i i 8:61 - 3.33 160 |..ooneeene.. 13:64
R 9.78 4.35 1.89 |.eeueennnans 16.02
PN 11.00 414 1-80 [..oveenennn. 16-94
At e e e 8.91 2.84 0-95 0:68 13-38
2 9-02 188 [oovvvnnvnnn. 3-70 14:60
R 8:55 2:20 (..., 2-25 13-09
Bt ettt e e 8:85 2 I P 2-49 13-48
Bt e 11.88 216 |......0..... 3-00 17.04
Bt reet it e 11.37 240 1. 0000, 3-37 17.14
2 10-10 2:62 [...oviinnnn, 3-24 15-96
1t e 704 1-82 ]............ 3-18 1204
. P 7-30 211 PP PRI 1235

Nore.—The percentages given under the column—34-1-80 for Trench Nos. 2, 1, &, 6, 8, 12, and

3, are for —34 mesh concentrates.

On examination of the ﬁ%ures for total percentages, it will be found that these correspond

very closely with the regults o

results are practically the same as that obtained from actual milling operations.

tained from the small scale tests, showing that the small laboratory

Magnetic separation tests on concentration products.—These tests were

performed to eliminate the non-magnetic gangue remaining in the table
concentrate, and to determine the percentage of finished concentrate in
the table products. As shown in preceding tests, the table concentrate
contained some gangue which was close to the specific gravity of the
garnet and reported on the table with the garnet in the concentrate.

Test No. 1.—This test was run on three samples representing the
34, —34-4-80, and —80 concentrates from all the trench samples, except
those of Trenches Nos. 12 and 3. The samples were run dry through an
Ullrich magnetic separator.

434 —34-1-80 —80
Product
Weight Weight Weight
1bs. % Ibs. % 1bs. %
Coneentrate....oovviuveesnvenres 70-25 81-2 70.50 820 15-50 776
Tailing.eevervinreinrennrnrenens. 16-25 18:8 15.50 18-0 450 22-5
Feed...oooovvvvvnnnnn 86-50 1000 86-00 1000 20-00 100-0
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It will be noted that these results correspond very closely to those
obtained from the concentrate of the small scale tests. For comparison
the two results are again given:—

- Small scale tests l : Large scale tests
..................... 31-3 per cent F.C. | —124-34.. ................. 81-2percent F.C.
............ 81:3 per cont I.C, | —34+80.................... 82-0per cont I.C.
00, i it 769 per cent I.C,

=80, it 775 per cent F.C.

Test No. 2.—This test was run on the products obtained by screening
the +34 mesh concentrate on 28 mesh to determine whether a finished
concentrate could be obtained by screening,

+-28 ~28
Product
Weight Weight
1bs. % 1bs. %
COonCentIaAto. .. vee et e, 65-5 99.3 9.5 50.0
i3 113 S 05 0.7 9.5 50:0
FOe e iveinesi e ire e e e 66-0 I 100-0 19-0 , 100-0

The results of this test show that a clean finished product is made by
screening the 34 mesh table concentrates on 28 mesh, that practically all
the gangue passes through the sereen and this product is 50 per cent gangue, -
50 per cent garnet. The —28 mesh material would require re-cleaning by
the use of o magnetic separator.

Test No. 3.—This test was run on the products obtained by screening
the —34+-80 concentrates on 48 mesh to determine whether a finished
concentrate could be obtained by screening.

-}-48 —48
Product
Weight Weight
) 1bs. % 1bs. %
Concentrate. .. .. vvuiiii it i e 490.5 95-2 20-5 62-1
AIHDg . e e e ereeacenes 2.5 4.8 12.5 37:9
FeeU. . evvneiniin e, 52-0 ] 100-0 33.0 | 100-0

The results of this test show that a clean finished product is made by
screening the —34+-80 table concentrates on 48 mesh; that practically
all the gangue passes through the screen, and this product is 37-9 per cent
gangue, 62-1 per cent garnet. The —48 mesh material would require re-
- cleaning by the use of a magnetic separator.
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Test No. 4.—This test was run on the products obtained by screening
the —80 table concentrates on 100 mesh to determine whether a finished
concentrate could be obtained by screening,.

+4-100 —100
Product
Weight Weight
Ibs. % 1bs. %
COMEONEIALE. - vt e eerreeie e ininaneaeenansraannns 86 773 65 68-4
IR 1 P 2-5 22.7 3-0 31-6
Feed, .. ouneeieeeeieieeeeieeieneii, 11-9 ’ 100-0 9.5 I 100-0

The results of this test show that a finished product cannot be made
by screening the —80 mesh table concentrate on 100 mesh. The --100
mesh contains 22-7 per cent gangue, and the —100 31-6 per cent gangue.
The —80 table concentrate would require re-cleaning by the use of a
magnetic separator.

Test No. 5—A test was run on samples of the table concentrates
~-34, —34--80 and —80 on the Ullrich magnetic separator, using a wet
feed ingtead of a dry one. A stronger magnetic field was used. The results
obtained were practically the same as those from the dry feed, possibly a
slightly cleaner concentrate was made, but the tailing seemed to contain
a little more garnet. If the magnetic field had been slightly stronger, the
results would have been very similar.

The Possibilities of Recovering Mica Products Suitable for the Trade.—
In the majority of the tests made on the trench samples, a mica product
was obtained by suction, similarly to the practice for the removal of asbestos
fibre from the crushed rock. In some cases this mica product represented
as high as 50 per cent of the feed when a strong suction was used, but
contained in such cases a considerable amount of fine garnet. However,
as the saleable mica product would be sizes coarser than 35 mesh, the fines |
could be returned to the classifier with the rest of the feed and the fine
garnet saved. When a moderate suction was employed very little garnet
entered this product. The possibility of recovering a mica product would
depend on the rock being dry. When the rock contained much moisture
this system could not be used. However, it would be well to make provision
for the recovery. of a mica product in the construction of a mill, as during
certain seasons of the year the rock would be in a condition favourable for
its recovery, and certain grades could be produced, with a possibility of
their use for certain purposes. Samples of the suction product from several
of the tests were sized, and the sizes, coarser than 35 mesh, gave a clean
product that might be used profitably, and might constitute a valuable
by-product.

From the results of the above tests for the determination of methods
of treatment for the recovery of the garnet from the rock, in products
suitable for the trade, the following flow sheet, Fig. 9, is suggested:—
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GARNET ROCK
Gyratory l‘msﬁe/' 4"

7romme/ Screen 2

Oversize+1% Undersize 15"

Gyratory C;‘I/Sﬁe/‘ to /5"

Tromme! :So/'eens %"
Oversize+ 4" Undersize-#
Coarse Rolfs at %~

|
Screen 7ables-12 mesh
Atted with suction

OVEI‘S/'ZLJ +2mesh ~2mesh  Suction pn!dz/cz‘, miea and1ines

fine Rolls Elose)

Sereen 7ables -12mesh
1itted w/‘f/{ Suction

|
Oversize +12mesh  /2mesh  Suedion productimica sadfines

Dorr or Spisgot Classiier Colfector
B ‘Grader for mica
Sapds Shimes products
lo waste
Callow Belt Screen, 35mesfy
*35mesh ;35/71' 25/
Wilfley Concentrators - Wilfley Concentrators
Concs. Midds. 7a/s. !fan'aste Cones. /i//z!/z/s Tails z‘o] naste
48 mesp Bele Screen

28 mesh 5«] it Screen

Wiltley C«!mae”//‘afo/‘ Wilfley Cancentrator

F//)/'sﬁedlcaﬂcs HeHidds o, | Fisted concs. HEMidds  Comcs.  Migs. Zixlmlmasfe

cs.  Aligds. 7ailings
o naste

[

Drier

drier /}/agne//c' Separator

finished concs. Tails.lo maste

Grader

T1a. 9. Flow sheet of garnet concentrator, showing methods of treatment for regovery of
garnet from the rock.
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If it is found more economical to treat all table conecentrates on a
magnetic separator, the following flow sheet can be substituted after
classification for the elimination of slimes.

SANDS

Callow Belt éJ'C/\fE/?, 35mesh

*35 mest -35 mesh

* Wilfley Cojcentrators Wilfley Concentralors
Conces. Midds. 7as. to waste cones. Migds. 7a/ls.to waste

Wilffey Concentrators ) Wilrley Concentralors
cones. Midlds. 7ails. to waste Conces. ' Migds, Tarls to waste

Dr/'ep
Magnetic is‘qaa/'a/o/‘
Flnished concs. 7auls. to waste
Grader

Tia. 10. Flow sheet of garnet econcentrator, showing treatment of table coneentrates on a
magnetic separator.

If, on the other hand, after careful study of the requirements for the
trade, it is found necessary to make a finished product coarser than 1 mm.,
and as coarse as 3 mm., jigging would have to be resorted to. The follow-
ing is given as a suggested improved flow sheet of a garnet concentrator
based on the practice in the United States. (See Fig. 11.)

SUMMARY AND CONCLUSIONS

The samples submitted for test purposes, being moiled from the
bottom of the trenches, should be as representative as it is possible to obtain
them, and should give an accurate value of the deposit as to garnet content.
The samples may be slightly low in garnet, as there was the possibility
of some garnet crystals dropping free from their matriz, and unless great
care was taken, some of these crystals would be lost, giving a lower value
to the sample.

Table concentration of the 127 samples submitted gave an average of
14.73 per cent garnet concentrates, made up as follows:—

—204 40 concentrate............oiiiiiiiiiiiiiianes
—40--100 “ vens
© —100 e

The results of the large scale tests on the trench samples gave practic-
ally the same results.
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Ore Bin, % material

1 .
Vibrating Screen %

orers Throughs

Rolls Hbrating S qreen, 3m.m.
Overs ' Thraughs
Vibrating Screen 1-25mm.
Oyf_[/\s Throughs
3 Cely Jig 24%36°
Screen Tarfs.
. nished prodct] 3 cey, Jig
. Huteh Screen 7ai/s.
3 Cell Jig 24>36
[ﬁmlslzed p/vdz/cl] 3 Cell Jig
Huteh Screen A&ifs.
Fished prodict 3Cen s _ Hutch Screen Taifs.
Hotch Screen 7alls.
|/‘7'/1/‘.9/)edémdyca 3 Celldig
Hutch Screen 7ays. L
Rolls 70 waste
feed Coﬂli/w/ Tank
2 Roughing Tables
Cones. 7;3!73.
Pulsator Classifier 7o iwaste
A//'oI'o's.
] - Winished product

Fra. 11. Suggested improved flow sheet of garnet concentrator based on practice in the
_ United States.

The table concentrates contain some gangue, difficult to remove by
table concentration, on account of its specific gravity being very close to
that of the garnet. This can be eliminated by screening, and by the use
of the magnetic separator, giving a finished product. The finished con-
centrates show an average of 11.89 per cent, made up as follows:—

—20+4 40 concentrate.....
—-40+4100 . ¢ .
— 10() <«
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The results of the large scale tests on the trench samples gave practic-
ally the same results.

The tests made on the trench samples to determine methods of treat-
ment for the recovery of the garnet, show that this can be accomplished
by -table concentration, screening of the table products, and magnetic
separation for the middlings, or by magnetic separation for the table con-
centrates, resulting in finished products, with a high redovery of the garnet
content of the rock.

On account of the nature and size of the garnet crystals, it does not
seem possible to apply jigging methods to this rock for the recovery of the
garnet. It is quite possible that at some depth below the surface the rock
will be harder, and the garnet crystals more perfect and free from fracture, in
which case jigging would be feasible for the coarser sizes, and table con-
centration for the fines.

The garnet rock contains small amounts of iron pyrites and magnetite.
This was noticeable in some of the samples. These minerals can be easily
eliminated on the tables as they report above the garnet. Any magnetic
iron not eliminated in this manner can be removed in the subsequent oper-
ations by the magnetic separator.

As the rock contains a considerable quantity of mica, there is the
possibility of obtaining from it, in the milling practice, mica products
suitable for the trade. The tests show that the mica can be separated by
suction, and on being graded, gives clean products on the coarse gizes.
Samples of the various grades were taken for the purpose of securing
information as to possible markets.

)]
THE RECOVERY OF BRASS FROM FOUNDRY REFUSE
C. S. Parsons

There are many brass foundries in the cities and larger towns of the
Dominion, in which a considerable quantity of refuse is collected at inter-
vals, and sold to United States points, where it is treated for the recovery
of the brass; or the slag is broken up and the larger pieces hand sorted out,
the remainder being discarded as useless. The shipment of this material
to points outside the country brings little return after freight and treat-
ment charges are dedicted. In many cases the refuse could more profit-
ably be treated at the foundry by the installation of a small plant. It
was for this reason that the following test work was conducted.

Test No. 151

A shipment of 16,520 pounds of foundry slag and sweepings was
received at the Ore Dressing and Metallurgical Laboratories on May 4,
%)921, from Mr. S. R. Franeis, of the Ontario Specialties, Limited, Ottawa,

"~ Ont.
Test work was desired on this shipment to obtain a separation of the
metal from the slag in as coarse a form as possible, and to determine a
simple flow sheet for the recovery of the metal from the slag and sweepings.
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The slag was fed directly to a 4’ 6”7 Hardinge mill, containing a ball
charge of 2,000 pounds. It was crushed wet, and the pulp from the mill
fed to a standard size Wilfley table equipped with a No. 1623 deck, without
being sized or classified. Only the very fine brass was discharged, the
coarse metal remaining in the mill. After running for some time with an
unclassified feed to the table, the discharge of the mill was run into a
Richards launder classifier, and two products were made and fed separately
to the table. The classified feed gave the better results, a lower tailing
being produced, and the concentrate was cleaner,

At the end of the test the Hardinge mill was cleaned out and it was
found that the major portion of the brass, consisting of the coarse pieces,
remained in the mill. The clean up of brass from the mill, weighing 1,766
pounds, was dried and passed over a magnetic cobber, removing 100
pounds of iron, and leaving 1,660 pounds of coarse brass metal.

The table concentrates were dried, weighed, and passed over a mag-
netic cobber, removing 356-5 pounds of magnetic material, leaving 887
pounds of fine brass.

The total amount of brass recovered was 2,568 pounds, obtained
fli’onll 16,520 pounds of slag, or a recovery of 309 pounds of metal per ton
ot slag. '

The following table gives the weights and analyses of the products
from the shipment:— -

Analysis
Products Weight -
. pounds Cu. % Pb. 9, Zn. 9 Sn. 9,
Coarse motal from clean up of ball mill... 1,666:0 79-0 78 2.0 110
Tron removed from clean up of ball mill. . B R 1Y (Y PN
Fine metal from table concentrates....... 887.0 82-05 4.5 6-13 6:2
Magnetic product from table concentrates 356:5 2285 [oviivneriidiverriinei]enniieninn
*Tailings from table..oieeerernieienannn, 13,510+5 20 o[
Total.vesrniieviniaiireennnns 16,5620-0 B LT 70 PR RN I

*Nore.—Tailings from unclassified feed gave an analysis 8-80 per cent Cu.
Tailings from classified feed gave an analysis 270 per cent Cu,

CONCLUSIONS

No particular difficulty was experienced in the separation of the metal
from the slag. The metal obtained was a high grade product, suitable
for re-melting.

For the small brass foundry, a simple equipment of a small size
Hardinge mill, and a half-size Wilfley table, would be sufficient to handle
the slag and sweepings. :
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THE METALLURGICAL TREATMENT OF THE GOLD ORES OF RICE LAKE
DISTRICT, MANITOBA

R. K. Carnochan

In the Summary Report of the Mines Branch for 1920, there is des-
cribed under test No. 135, the experimental work conducted on a ship-
ment of gold ore from Little Rice lake, Manitoba. That report, together
with the investigation conducted on the ores from Big Rice lake given
below, covers the metallurgical treatment of the gold ores from Rice Lake
district, in the southeastern section of the province, as far as exploration
work has proven them to date. These ores, containing copper minerals
and iron sulphides, are somewhat different from the ordinary gold ores
covered by metallurgical practice, and require a different treatment to
recover the valuable minerals.

In the Summary Reports of the Mines Branch for 1919 and 1920,
there is described under tests Nos. 127 and 132 the experimental work
conducted on the gold ores from the Herb Lake district in the northwestern
seckion of the province. The ores from this district contain chalcopyrite,
arsenopyrite, pyrite, sphalerite and galena, requiring special treatment for
the recovery of the valuable minerals.

Test No. 141

Two small samples of gold ore were received January 18, 1921, at
the Ore Dressing and Metallurgical Laboratories, from the Pan Extension
Gold Mines, Ltd., Winnipeg, Man. The samples were from the company’s
property at Big Rice lake, and consisted of quartz and greenstone, carry- .
ing a small amount of sulphides.

Amalgamation and concentration tests were desired to ascertain
whether the ore was amenable to these methods of treatment. Cyanide
tests were also conducted.

Assays of the samples gave the following:—

Sample NO. 2, 00iverervnenrnnnns. 7 0:64 oz. per ton
Sample N0, 8. 0vevevnreseracocnss Al iiieiiiiineiineanenranens 1.65 oz. per ton

Sample No. 2—One thousand one hundred and twenty-four grams of
the sample, crushed to pass 40 mesh, were mixed in a pebble mill for four
hours with 100 grams of mercury and 400 grams of water. The pulp was
panned from the mercury, and the pulp dried, weighed and sampled. The
results were as follows:—

Amalgamation tailings. .ooeeivneriiriireriiersreraenirssosnss 0-60 oz. per ton
Recovered by amalgamation,..eeeevureereenriesnerervesenens 63 9,
Remaining in tailings. . .. .ovvvreerinireerenrioerarniornasosnies 937 9,
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One thousand and twenty-nine grams of tailings from amaigamation
were run over a small Wilfley table, with the following results:—

Concentrates:
B3 704 1N P 56 grams
ABSaY, AU.iveeiirieiiiinaneinains ... 3:240z. per ton
Content, Au X ...181-4 gram/ozs.
Percentage Au. values....... ettt e 24-4

Tailings:
Weight..oooiiiidiiiiiiiiiiiiiniiiiin Maanasasersine e nnaen 054 grams
Assay, Au....... e veetareereriarasras «e.. 0-54 oz. per ton
Content, Al.....ooviinveiieniiieinnns ....515-2 gram/ozs.

Percentage AU, VRIUES oo vvvriivr vt iiiiiiiriinnennans e 69-3

Nine hundred and fifteen grams of table tailings were ground to 200
mesh and agitated for eight hours in 6,000 c.c. of water, to which 15 grams
of sodium cyanide and 10 grams of lime were added. After agitation, the
tailings were filtered, washed, dried and sampled, with the following
results:— :

Cyanide tailings. ... uovreiiiiiiniiiniiiiiniirieniirairanaaes

Recovered by cyanidation .
Remaining in tailings..... eeerenae PR [N

Sample No. 8.—One thousand and twenty-seven grams of the sample,
crushed to 40 mesh, were mixed in a pebble mill for four hours, with 100
grams of mercury and 400 grams of water. The pulp was panned from
the mercury, dried, weighed and sampled. The results were as follows:=——

Amalgamation tailings. ..o viiiiiiiiiiiiiiiiiiii e 1-52 oz. per ton
Recovered by amalgamation............ e 19 %
Remaining in tailings..... e er e e e e 92-1 9%

Nine hundred and fifty-two grams of tailings from amalgamation
were run over a small ‘Wilfley table, with the following results+—

Concentrates:

RS04 X 77 grams
Assay, Al..c.veeeiiiiinnins +++ 1:20 oz, per ton
Content, Au.........oovnvnnen ... 92.4 zramjozs,
Percentage Au values 6-0°

Tailings: .
Weight. oot i e s e 856 grams
Assay, Alo.eiieiiienninenes ... 1-56 0z. per ton .
Content, Au ..13354 gram/ozs.
Percentage Au values.. ..ooovvviiini it tereeaeetaanas 86-1

Eight hundred and six grams of table tailings were ground to 200
mesh and agitated for eight hours in 6,000 c.c. of water, to which 15 grams
of sodium eyanide and 10 grams of lime were added. After agitation the
tailings were filtered, washed, dried and sampled, with the following
results:—

Cyanidetailings......_.................. ....................... 0-10 oz. per ton
Recovered by cyanidation...... el 80-6 %
Remaining in tailings...cooiniiiieniineiiiiiennan eriinensees B8 9
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SUMMARY

The following tables show the percentages of the gold values recov-
ered:—

Sample No. 2:
By amalgamation....c...ovneiiiiiiiiiiriiieiii i eiiiaees
By concentration..........
By cyanidation......covueiiriiiieeiiinirneriiiiiiniieriirasies
Remaining in tailings.....c.oovunvnereiiiiniririineranninaes

Sample No. 3:
By amalgamation....o..vvnivniiriiriiiiiiioniisiiiaiiieniiiains
By eoncentration
By cyanidation...... e
Remaining in tailings....ovuuvriinvnrriiresinieersainriniornaones

CONCLUSIONS

The results of the amalgamation tests on both these samples show
poor recoveries of the gold values. This may be due to the samples being
- oxidized, and the gold not being in the best condition for amalgamation.
The samples were too small to allow further test work being conducted to
prove definitely whether or not better results could be obtained.

The concentration tests showed poor recoveries of the gold values in
the concentrates from the Wilfley table, and if the samples are representa-
tive, tabling could be eliminated from the milling practice.

The results of the cyanidation tests show that the ore is readily amen-
able to cyanidation, and that good recoveries can be obtained by this
process of treatment,.

Test No. 153 -

, A shipment of gold ore was received May 27, 1921, at the Ore Dressing
and Metallurgical Laboratories, from the Pan Extension Gold Mines,
Limited, Winnipeg, Man. The ore was from their property at Big Rice
lake, Man., and consisted of quartz and greenstone, with a small amount
of copper and iron sulphides. Free gold was visible, especially in the
higher grade sample. The shipping weight was 2,100 pounds, in 27 sacks,
one of which was high grade and the remainder lower grade ore.

Test work was desired on this shipment to determine a method of
treatment. Amalgamation, concentration, and cyanidation tests were
conducted, the results of which are given below.

Samples cut out from the two lots gave the following assays:—

Lower grade lot (26 sacks):...... Copper, 0-60%...... Gold, 2.39 oz. per ton
Higher grade lot (1 sack)........ Coprer, 0:70%...... Gold, 15.01 oz. per ton

Lower GrapE Lot

This lot was crushed to 40 mesh, and a sample cut out for assay.
From this crushing some metallics were obtained. It was then put through

49130—8
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an amalgamator and over plates, and the amalgamation tailings con-
centrated on a Wilfley table, making a concentrate and tailing. The
results of this work are contained in the following table:—

Assay Content Per cent
Product Woight gold gold
pounds Gold oz. |} Cu. per cent 0z. values
Bullion from metallics....coouvuvfevviieniindonenaann oo 0-037 1.9
Bullion from amalgam. .. B o 1-212 624
Table concentrate........ N 43.0 9:70 1365 0-209 0-7
Table tailing............... Ceeees 1,939:5 (12011 1 AN 0-485 5.0
Heads..uvvveenenannnn. 1,082:5 239 |oveienninn, 1.943 | 1000
2369

A 1,000 gram sample of the table tailing, ground to 100 mesh, was
agitated for 8 hours, in 6,000 c.c. of water with 15 grams of sodium cyanide
and 10 grams of lime. After agitation the tailing was filtered, washed,
dried, sampled, and assayed. The results were as follows:—

Cyanide head...... 0:50 oz, por ton

Cyanide tailing 0:08 oz. per ton

Recovery by eyanidation....ooovevniiiiiiiiiiiiiiiienenn, 84 per cent, or 21 por cent of
. the gold Values in ore

Remaining in tailing. ...ttt i 16 per cent, or 4 per cent of

the gold valuos in ore

Another 1,000 gram sample of the table tailing, ground to 100 mesh,
was concentrated in a flotation machine. The following table shows the
results obtained:—

Weight, Assay Content Per cent Per cont
Product grams . gold, gold, gold value | gold value
OZ. gm.-0z. |in table tail]  in ore
Concentrate....... e 48 9.24 4435 | 80-2 20:1
Middling...oovvviiiinnineninnns 162 0:48 778 14-1 3:5
Taililg e e ereer e eeiinninraenns 790 0-04 31.6 57 1.4
Table tailing............. 1,000 0-50 5524 100-0 25-0
550-0

SUMMARY OF RESULTS

The following tables show the percentage of gold values recovered by
the different processes:—

By amalgamation...coe v ii it 3 p.c.

By table concentration.........coooiiiiiiiiiiiiien “7p.c. } 96:0%
By oyanidation............. e, ‘ -0p.c. )
Remaining in tailing..... 0p.c. )

By amalgamation ..................................... 3 p.c.

By table concentration g -7 p.c. 98 6 % .
By flotation...........oovuen. 6 p.c.
Remaining in talling...cooivenniiiniicniiiiiin e, 4 p.c. :
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HieuER Grape Lot

This lot was crushed to 20 mesh. Some metallics were obtained.
After sampling, the ore was ground with mercury in a small ball mill, and
the mill discharged into an amalgamator, the pulp running over plates to

- settling boxes. The amalgamation tailing was concentrated on a Wilfley
table, making a concentrate and tailing. The results of this work are
contained in the following table:— '

Assay Content Per cent
Product Weight gold gold
pounds Gold oz, [Cu,percent, [ values
Bullion from metallies,...........0....cooiiv ovenninioeinenn. 0-035 . 68
Bullion from amalgam ...........loeeoeivs oo oenn oo 0-410 80-1
Table concentrate................ 5.0 18:70 3:50 0-047 9.2
Table tailing..................... 365 1412 |....eesns, .. 0-020 3-9
Loss in handling.................. b 212 U FUUUDOUN P
Heads...........c.ount 67-0 1501 |..oonennn, 0-512 1000
0.503

A 1,000 gram sample of the table tailing, ground to 100 mesh, was
agitated for 8 hours in 6,000 c.c. of water, with 15 grams of sodium cyanide,
and 10 grams of lime. After agitation the tailing was filtered, washed,
dried, sampled and assayed. The results were as follows:—

Cyanide heads..........covvivivivniinenen. 1.12 oz. per ton

Cyanide tailing...........coiiiiviiiniinrvane. <06 “ .

Recovery by cyanidation..................... 94:6 % or 3-7 9% of the gold values in
. ore.,

Remaining in tailing........c.oovvvvivniivnnn, 5:4 %or 0:29 of the gold values in

ore.
SUMMARY OF RESULTS

The following table shows the percentage of gold values recovered:—

By amalgamation.........ouuiniiiiiiiii e iieieiaas 86-9

By coneentration...oveerieiereirt e e, 9-21 99-8 9,

By eyanidation.. ....cooueeiiiiii i e e inna., 37

Remaining in tailing. .. .....oivriiiiiiir i i 0-2
CONCLUSIONS

Drawing our coneclusions from the results of the test work on the
lower grade lot, as the other was probably a picked sample, or selected from
a rich portion of the vein material, we are of the opinion that the ore as
shipped to our laboratories is amenable to treatment by amalgamation,
table concentration, and eyanidation of the table tailings, or by amalgam-
ation, table concentration, and flotation of the table tailings.

The method of treatment adopted will depend on local conditions.
The gold values remaining after amalgamation seem to be associated with
the sulphide minerals, and can be recovered in a marketable concentrate
by tabling and flotation. This concentrate, besides containing the greater
pottion of the gold values after amalgamation, will also contain the greater
portion of the copper values in the ore.

49130—9
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A simple flow sheet for such an ore would consist of :—

Primary rock crusher, rolls, wet ball mzll or stamp baltery, amalgamation
plates, concentration tables, regrinding ball or tube mill, flotation wunit or
cyanide plant.

It must be remembered, however, that these conclusions are drawn
from the results obtained from the shipment of ore submitted to our
laboratories, and are only correct and reliable in so far as the shipment is
a representative one of the milling ore from the property.

(11)
CONCENTRATION TESTS ON MOLYBDENITE ORES
C. S. Parsons

Concentration methods and processes for the recovery of molybdenite
fromi its ores, have been fairly well covered by the extensive experimental
work carried on in the Ore Dressing and Metallurgical Laboratories during
the war years, when there was a brisk demand for the metal for the manu-
facture of tool-steel and for other munition purposes. Ores from all parts
of the Dominion were received and experimental work conducted for the
recovery of the molybdenite values. Since that time the industry has been
more or less dormant, the production in Canada falling off to practically
nothing,

Interest during the year has been revived somewhat, due to the
research conducted to find new uses for molybdenite This research has
disclosed the fact that when quantities of the metal less than one per cent
are used, a beneficial effect is given to most steels.

The experimental work conducted during the year was on ores repre-
senting two of the most promising deposits in Ontario and Quebec. It
was found that these ores were amenable to concentration, with a high
recovery of the molybdenite values in a high-grade concentrate. The
experimental work is described under the test numbers.

Test No. 154

A shipment of four lots of molybdenite ore, of 200 pounds each, was
received at the Ore Dressing and Metallurgical Laboratories, September
15, 1921, from W. E. Joiner, Toronto, Ontario.

These lots represented four types of ore from different points on lots
3 and 4, concession XX, in the township of Cardiff, county of Haliburton,
in the vicinity of Wilberforce, Ontario. '

These deposits, while being rather low in molybdenite content,
have, from the exploration work that has been done on them to date,
been reported on as being more or less extensive, and give favourable
promise of developing into a source of production of the mineral.

- The object of the experimental work was to determine the grade of
- concentrate and recovery of molybdenite content that could be expected
from the ores, and whether they were amenable to concentration by the
general methods applied to molybdenite ores. :
. A sample cut out from each of the four lots gave the following analy-
sis— . .
Lot NO. Leveerrranenenanennenannnn, Mo0s—0-027 % MoS:—0-68 %
2.. e 0027 % 0-82 g,
ii:'.:'.::ﬁﬁZZIZZIIZZZII:III:I} 0-025 012 %
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In lot No. 1, the molybdenite flake was of the coarse variety, the ore
containing more iron sulphide than the other lots. In lots Nos. 2 and 3
the molybdenite flake was much smaller, being more evenly disseminated
through the rock, in which very little iron sulphide was noticeable. In
lot No. 4, the rock contained besides molybdenite, an appreciable amount
of graphlte

Flotation tests were made on lots Nos. 1, 2, and 3. Lot No. 4 was
too low grade to be commercially workable for molybdemte and for this
reason no experimental work was conducted on it.

Table No. I gives the results of the flotation tests. The recoveries
indicated include the actual recovery in each product, together with 80
per cent of the molybdenite in the middlings, and the—80 mesh product,
which would be recovered in practice by returning them to the rougher
cells in closed circuit. TFrom our experience we believe this to be a fair
method for the calculation of recoveries.

The tests were conducted in the Callow laboratory flotation cells.
Kerosene was used as the collecting oil, and pine oil as the frothing oil.
A little lime was added. The cleaner concentrate was screened over an
80 mesh screen, where the floculating effect of the coal oil is taken
advantage of to produce a high grade concentrate.

This ore floats readily and gives a high grade concentrate with a good
recovery.

TABLE No. I
Test | Flotation product | Weight MoS; MoS: |Recovery Remarks
No. per cent. | grams | per cent.
1 |Concentrate
--80 mesh 7 93-31 6:563 81.9 |Total recovery 91.0 9%
—80 mesh....... 31 2.20 0:68 8.5 | assuming that 80 9%
Middling............ 57 0-38 0-22 2:8 | of MoSz in middling
Tailing.............. 902 0:06 0.54 6:8 | could be recovered.
2 Concentrate
-+80 mesh....... 3 80-25 241 75-6 |Total recovery 84-1 %
—80 mesh,..... 33 0-58 0-19 5:9
Middling............ 86 0-18 0-15 4.7
Tailing......... .... 891 0-05 0-44 13-8
3 |Concentrate
-+-80 mesh 4 87:25 3-49 75.4 |Total recovery 830 %
—80 mesh 39 0.64 0:25 5.4
Middling........ .. 96 0:20 0:19 4.1
Tailing,.....c.ovvun. 872 0-08 0-70 15-1
Sereen test on tailing test No. 1 . Secreen test on tailing test No. 2
Mesh | Grams IPer cent | Mesh { Grams |Per cent
4+ 35.... 3 0:36|. - 65 2 0-25
~ 35 - 48. 1 1-32 [— 65-+100 111 13-74
— 48 -+ 65. 85 10-22 |—100-}-150 199 24.63
— 65 -}100. 250 30-05 |—150-4-200 240 29.70
-100 --150. 147 17-67 |—200 256 31.68
—150 -+200. 139 1670
—~200,..0000s 197 23-68

49130—93
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Screen test on tailing test No. 3

Mesh | Grams ' Per cent
1 0-13
176 2200 -
225 28:12
120 15-00
278 34.75

Test No. 157

A 100-pound shipment of molybdenite ore was received at the Ore
Dressing and Metallurgical Laboratories, July 6, 1921, from Mr. John
Bain, Ottawa, Ont.

The ore was from his property at Indian lake, Mash'un, Que., and
consisted of flake molybdenite and heavy iron sulphides in a pyroxenite
gangue.

The object of the test work was to determine the grade of concentraie
and recevery of the -molybdenite content that could be expected, and
‘whether the ore was amenable to treatment by the ordinary methods
employed in the concentration of molybdenite ores.

The ore was crushed to pass a 20 mesh screen, and during the process
of crushing some flake molybdenite was recovered by screening on a
10 mesh screen. )

) Contents. |Per cent of
Weight Assay Assay X total

Material per cont MoS: per cent contents
per cent. of weight of ore
+10 flake MoS: 2 6455 129-10 385-25
~10 mesh 98 2421 237-16 6470
[0 - 750 AP 100 3.66 36626 10000

The —10 mesh material, assaying 2-42 per cent MoS;, was ground
to pass a 20 mesh screen, and a sample of 1,000 grams was taken, ground
in a small ball mill for 15 minutes with 2 c.c. coal oil, 5 drops pine oil,
1 gram lime, and 500 c.c. water. It was then run in a laboratory Callow
pneumatic flotation machine, where 5 drops more of pine oil were used,
and the necessary water added. The following products were made, the
coneentrate being screened on an 80 mesh sereen:—

" |- Contents. | Per cent of | Per cent of
: - Assay Assay X total total con-~
Product Weight MoS: per cent of | contents tents of

. per cent per cent weight of ore flotn. feed
—80 concentrate............ e 1.77 . 89.25 157.97 42.12 6505
—80 concentrate............... ... 372 ©17-00 63:24 16-86 26-04
Cleaner tails...........oooiviannn 3-33 1-94 6-46 1-72 2:65
Rougher tails...........coovuene 89-18 0-17 15.16 4.05 6-26
98:00 l.....ooovet 24283 64:75 100-00
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A screen test of the flotation tailing gave as follows:—

Per cent by | Cumulative

Mesh weight per cent

25 1-2 1.2

-~ 48 4+ 65............ e e e et 6.1 7-3
= B85 100, i e i e 33-8 41.1
=100 350, oo e e e, 155 56-6
=150 200, .. e e it e e 21.1 777
200, e e et e ey 22:3 1000
100-0 [...oevennn.

In practice the rougher tailing is the only waste produet. The other
products, namely the —80 concentrate and cleaner tailing, are returned
to the circuit and the molybdenite content ultimately recovered from them.
The actual recovery expected is represented by the molybdenite content
of all products, excepting the rougher tailing. The recovery in the flota-
tion test 1is, therefore, 93-74 per cent, and if the flake screened out in
crushing the ore to 20 mesh is considered, the total recovery of molybdenite
in the ore is 95-95 per cent. :

The test shows that a concentrate of 90 per cent MoS; grade, and,a
rﬁcovery of 95 per cent of the molybdenite content, can be expected from
this ore. '

(12)

THE RECOVERY OF THE VALUES IN A SILVER-LEAD ORE
FROM ARROWHEAD, B.C.

R. K. 'Carnochan and C. S. Parsons
Test No. 156

A shipment consisting of two lots, one of 20 pounds, representing
what was designated as black sands, and the other of 200 pounds, repre- -
senting what was designated as yellow sands, was received at the Ore
Dressing and Metallurgical Laboratories on November 11, 1921,

A sample cut out from each of these lots gave the following analysis:—

Black 8ands. .ovueeteniieitr it e Gold, nil
Silver, trace
Lead, nil

Yellow Sands. cvvvviein e it ierneineenrnenes Gold, 0-52 oz. per ton
Silver, 4.92 “
Lead, 4-40%

The analysis of the black sand lot, which consisted of graphitic shale,
showed practically no values, so that it was not necessary to conduct any
further work on this lot. :

The lot designated as yellow sands, which contained lead carbonate
and carried values in gold and silver, could be classed as an ore, providing
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that the cost of mining and metallurgical treatment was below that of
the value of the products which could be recovered from it. As this material
showed values of about 816 per ton it had commercial possibilities, and an
investigation was undertaken to determine metallurgical methods for the
recovery of these values. ’

Experimental test work was conducted by table concentration to
determine what percentage of recovery could be obtained in a concentrate
that could be shipped as a smelter product. A concentrate, assaying
5 ozs. gold, 20 ozs. silver, and 40 per cent lead was the best that could be
obtained, with a recovery of -the gold values of 50 per cent, of the silver
values, 20 per cent, of the lead values, 45 per cent. It was found that this
treatment must be supplemented by other methods to recover more of the
values in the ore.

Test work was conducted by table concentration, producing a con-
centrate, followed by sulphidizing the table tailing, and flotation for the
recovery of more of the values. By this means, a total recovery was
obtained of 60 per cent of the gold values, 24 per cent of the silver values,
and 38 per cent of the lead values. _

A further series of tests was conducted by table concentration,
followed by cyanidation of the table tailings. This method of procedure
gave the best recoveries. A concentrate was obtained similar to that
given above, which with the recovery made by cyanidation, gave a total
recovery of the gold values of 95 per cent, of the silver values, 63 per cent,
and of the lead values, 45 per cent. This latter process of treatment seems
to be the most adaptable to the ore.

Other test work is being conducted, and a report on the investigation
will be contained in the Summary Report for next year.

(13)
THE CONCENTRATION OF THE RADIO-ACTIVE - MINERAL EUXENITE
R. K. Carnochan
Test No. 159

The occurrence of the radio-active mineral euxenite in the feldspar
quarry of lot 13, concession V, of the township of South Sherbrooke,
county of Lanark, in the province of Ontario, has been deseribed by
Miller and Knight, who visited the property in June, 1917. A report was
published in the American Journal of Science, Volume XLIV, September,

1917, and contains a deseription of the occurrence as seen on that date. -

The mineral was identified as euxenite by the Imperial Institute, London,
England, who gave the analysis of the Canadian oceurrence as follows:—




In the operation of the quarry since that date, more of the mineral
has been exposed and shipments have been made to the Department of
Mines for experimental work on the concentration of the mineral from the
feldspar.

It was found that due to its specific gravity being almost 5, and that
of feldspar between 2:5 and 2-75, there was no particular difficulty in
making a separation by ordinary gravity means of concentration.

A shipment weighing 1,593 pounds net was received on November
29, 1921, from the Orser-Kraft Feldspar, Limited, Box 266, Perth, Ont.
The ore came from the company’s property at Maberley, Ont., and con-
sisted of fair sized crystals of black euxenite in red orthoclase feldspar.”

It was desired that the euxenite be separated from the feldspar, and
that both be recovered in the form of clean produects.

A number of specimens were picked out of the ore and the remainder
was reduced in a jaw crusher to 34"

Weight Per cent

Product pounds of heads
B 151+ S 1,582.00 99-80
T 3.25 0-20
1 T4 T PPN 1,585:25 100-00

The —24' material was crushed in rolls and then screened on 12 mesh
by a shaking Ferraris screen, the oversize being fed back to the rolls until
it all passed through the screen.

Weight Por cent

Product pounds of heads
e 2. 4 V) 1,472 02.86
70T T 110 6:94

e 1 1 W PP 1,682 99-80
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The -—12 mesh material was sized on a Keedy sizer into four sizes:
—8+420; —20-+42; —42-86; and —86.

Weight Per cent

Product pounds of heads
394-0 24-86
5355 3378
260 5 16-43
2670 16-84 .
150 | 095
=12mesh.....coooiviiiiiiiian, N 1,472.0 9286

Each of the four sizes from the Keedy sizer was tabled separately on
a large Wilfley table, so as to make a euxenite concentrate and a feldspar
tailing of each size. These products were collected as they came from the
table in long settling boxes. The water from the tailing box was pumped
to a Callow cone during the tabling of all the different sizes, and by this
means & certain amount of slime was recovered. After tabling, all products
were dried and weighed. The four concentrates produced were very good,.
being nearly all euxenite, with only a small percentage of feldspar. The
tailings were composed of clean feldspar. - The slime from the Callow tank
was very fine, and drab in colour, and under the microscope was seen to
be made up mostly of feldspar, with a little euxenite.

Weight Per cont
Product pounds of heads
14-00 0-89)
2350 1.48
10-50 0 66( 3-67
10-12 <64
370-00 23 34
504-00
244-00 15 39 8345
205-00
42-00 2-65
33-88 2-14
1,457-00 01-91

The concentrates, after sampling, and a sample representing in proper
proportions the combined four sizes of tailings, were shipped to the Orser-
Kraft Feldspar, Limited, Perth, Ont.

SUMMARY AND CONCLUSIONS

The euxenite concentrate produced equals 3:67 per cent of the ore
_treated.
" The feldspar tailing product equals 83-45 per cent of the ore treated..
The slimes produced equal 2-65 per cent of the ore treated.
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The loss in treatment equals 10-23 per cent of the ore treated.

A good separation of the euxenite from the feldspar can be made.
Good clean products can be produced.

Dry erushing and tabling is a very suitable method of treating the
" ore, as submitted. ‘ o :

v

OTHER TEST WORK OF THE DIVISION
W. B, Timm

Not included under the heading of investigations, test work was con-
ducted, in some cases partaking of the nature of experimental work, on
several shipments, as follows:— ,

A shipment of 100 pounds, on May 30, of what was supposed to be
gold ore from the Grace Mining Co., Ltd., Vermilion Bay, Eagle lake, Ont.

A two-pound sample of screened asbestic sand, from the Windsor
Asbestos Co., 1td., Coleraine, Que., on July 19.

A shipment of 200 pounds of dolomite, on September 19, from the
Grasselli Chemieal Co., Flower Station, Ont.

A shipment of 2,200 pounds of diatomaceous earth on September 29,
from E. A. D. Morgan, K.C., Rawdon, Que.

A shipment of 4,000 pounds of ealcite, on November 23, from the
Grasselli Chemieal Co., Flower Station, Ont. .

Supposed Gold Ore from the Grace Mining Co., Vermilion Bay.—The
Grace Mining Company, Ltd., made application for the treatment of a
few tons of gold bearing ore in the experimental laboratories of the Depart-
ment of Mines. They were advised of the conditions under which experi-
mental test work was conducted. Conforming to these conditions and
advising that they had already a five-stamp battery and other equipment
on-the property, in which they had made test runs, but due to the varied
information given them by a number of their representatives, they shipped
100 pounds of ore for test and check purposes. The shipment as received
showed no gold, and only a trace of silver, so that test work as to methods
of treatment was not necessary.

Screened Asbestic Sand from the Windsor Asbestos Co., Coleraine.—
This sample was received for experimental purposes, to ascertain the
amount of total fibre contained, and a report was submitted as follows:—

Weight of sample—900 grams, all used in test. Sample screened into
different sizes and each size hand picked, or put over small suction table
to remove the fibre. All rock plus twenty mesh was ground in ball mill
for five minutes with twenty pounds of balls, screening and suction on
sized material was repeated. This operation was repeated on any rock
plus twenty mesh remaining, and the fibre removed after each grinding.
The following results were obtained:—

T'ibre410 mesh......... 1 gram, representing.........qev.. 0-11% by weight
Fibre—10 mesh......... 84 grams, e '9.33 “
Total fibre.............. 85 e 9.44 . ¢
RocK..ooveerrenininnss 788 ¢ “ e 87-00 “
Loss in handling........ 32 “ C e 3-56 “

Totalvevrereennesnn 900 “ “ eveerear...100:00 ¢
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Dolomite, from the Grasselli Chemical Co., Flower Station, Ont.—The
object of the work on this shipment was to determine if this dolomite,
which was of a pure white variety, could be ground to 250 mesh, and so
mect the requirements of the paint and rubber trade. The whole shlpment
of 200 pounds, with the exception of a few pieces retained for specimens,
was crushed in a jaw erusher and rolls and ground in small ball mills. The
resultant product gave on screen analysis, the following:—

The ground produect was shipped back to the company to determine
if 1t met the requirements of the trade.

Diatomaceous or Infusorial Earth from Rawdon, Que.—The work on
this shipment was done for the Testing Laboratories of the Department of
Public Works. The shipment as received consisted of 2,200 pounds in the
natural state and required drying before grinding. The dried material
was ground in a conical ball mill equipped with suction, to remove the
fine material when disintegrated. The finished product was collected in
a collector placed between the suction fan and the mill, and showed on
screen analysis that all passed a 100 mesh sercen, which was the fineness
required. It was shipped to the Testing Laboratories of the Public Works
Department.

Calcite from the Grasselli Chemical Co., Flower Station, Ont.—This
shipment was from a deposit of pure white calcite in the vicinity of Flower
Station. The objeet of the shipment was to determine the possibilities of
grinding to 250 mesh to obtain a product suitable for the paint and rubber
trade, and also to determine methods of grinding this material, as it was
thought that the pyrite mill of the company could be used for the pre-
liminary crushing, and with certain changes, for fine grinding. In this way
the preparation of the material for the market could be accomplished w1th
small additional cost in the way of new equipment.

A series of tests was made on the dry and wet grinding of the calmte.
Our equipment, however, was not suitable for dry grinding. Reduction
could easily be made to 100 mesh, but the reduction to 250 mesh was
impossible on a large scale, with the present equipment. A few hundred
pounds was obtained from the test operations; 95 per cent through 250
mesh, and this was shipped to the company to determine if it would meet
the 1equ1rements of the trade.

A test was made on a ton of the calcite, by wet grinding in a conical
mill, charged with pebbles, and in closed circuit with a bowl classifier. No
trouble was experienced in grinding the material in this manner. A good
tonnage was obtained from the mill, and the overflow of the bowl classifier
gave a.product practically all through 250 mesh. . This product on being
dried was slightly off colour, but, no doubt, could be used for certain
purposes in the trade.

Nore.—These tests were conducted by R. K. Carnochan, or under
hlS immediate superv1s1on
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A

ADDITIONAL EQUIPMENT FOR THR LABORATO‘RIES
W. B. Timm

It is of the utmost importance that testing laboratories, where
research and experimental work is conducted, be equipped with the latest
and most improved type of machinery and apparatus for the metallurgical
treatment of ores.- To maintain an efficient laboratory in which test
work can be carried on, the equipment must be up to date, and for research
work it must be in advance of metallurgical practice. It1 s also of import-
ance that the laboratory be equipped with special machinery and apparatus
to cover the wide range of metallurgical problems that are undertaken. It
is a simple matter to equip a laboratory to conduct test and research work
on one or two particular classes of ore, but it is another problem to meet
the needs of the whole industry. TFor these reasons it has been the policy
of the Department to keep the laboratories well equipped, to meet, as far
as possible, the requirements of the whole industry.

The equipment of the laboratories consists of two types of machlnery
and apparatus, namely, the small scale laboratory type for conducting
preliminary 1nvest1gat10n tests, and complete metallurgical tests on a
small scale, and the large scale type of the smallest commercial size
machinery, "for conducting tonnage check tests, in which the procedure
conforms very closely to actual metallurgical practlce On the laboratory
type, series of tests are conducted under varying conditions and methods
of procedure to determine the procedure most applicable, and when this
is determined, a tonnage test is conducted to check results. Small scale
tests are conducted on shipments of a few pounds up to 1,000 pounds of
ore. Tonnage tests are conducted on shipments from 1 000 pounds up to
a carload lot. A chemical laboratory consisting of an analytical and
assay laboratory, equipped with modern appliances and apparatus for accu-
rate and rapid detel mination of analyses and assays of ores and their metal-
lurgical products, is maintained in connection with the testing and research
laboratories.

Additional equipment purchased for the laboratories during the year
was as follows:—

Standard Asbestos Testing Machine,
Dorr Simplex Classifier,

Magnetic Log Washer,

Roasting Furnace (muffle type).

In connection with the.investigation on the milling of asbestos rock,
it was necessary to purchase a standard asbestos testing machine, to test
the fibre produced from test operations. This is the standard machine
used in the asbestos digtricts, and the fibre produced from the mills is graded

to conform to certain tests on this machine.
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In connection with the fine grinding of metalliferous ores for flotation
work, which in some cases require grinding to 260 mesh, and also for other
classification problems, a Dorr simplex classifier equipped with bowl attach-
ment was purchased. This machine was built specially for the testing
laboratories, and can be used as an ordinary classifier, or where very fine
grinding is necessary, with the bowl attachment. It was placed in closed
circuit with a conical ball mill.

A magnetic log washer was purchased and installed for experimental
work on the low grade iron ores. . This is the latest type of magnetic
machine used for the concentration of the low grade magnetic iron ores,
having certain advantages for this purpose over the older typés of magnetic
separators. The addition of this machine to the laboratories makes the
equipment fairly complete in the way of conducting experimental work
on the beneficiation of the low grade iron ores. This equipment now con-
sists of the necessary crushing and grinding machinery, magnetic cobber,
Grondal magnetic separator, magnetic log washer, laboratory sintering
machine, and roasting devices. . :

A muffle furnace, consisting of four muffles, one above the other, in
which the ore to be roasted can be fed to the top muffle and rabbled down
to the bottom one where it is discharged, was built for roasting purposes
in connection with the experimental work of the laboratories.

During the year certain changes were made in the laboratory equip-
ment to provide for more efficient operation. A Roots blower operated in
connection with the pneumatic flotation unit was transferred from the
roaster Building to the main laboratories. The pipe line leading from the
blower to the flotation cells gave considerable trouble, due to vibration.
This has now been overcome. An elevator was extended ten fect to elevate
the pulp from the discharge of the conical ball mill to the Dorr classifier,
and connections made from the classifier for sand oversize to be returned
to the mill, and slime overflow to thickening tanks. '

A. 15 horse-power motor was purchased to drive the machinery in the
upper portion of the laboratory and relieve the 25 horse-power motor on
the ground floor, which was being overloaded.

A 40 horse-power motor was purchased and installed in the roaster
building to operate the machinery and take the place of a locomotive type
boiler and engine, which was formerly used for that purpose. ‘

On account of the limited space in the laboratories for new equipment,
several pieces of machinery and apparatus were crated and stored. When
problems arise which require the use of this machinery, provision is made
so that it can be set up again on its old foundation. This is not good policy,
but it is the best that can be done under the present conditions, and until
more accommodation is provided. .

A fitting and repair shop was fitted up with machines and fittings
obtained from the Department of Soldiers’ Civil Re-Establishment, pro-
viding an up to date shop for repairs to the machinery and apparatus of
the laboratories. '
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VI

THE WORK AND INVESTIGATIONS OF THE
CHEMICAL LABORATORY

H. C. Mabee
Chemgst in Charge

At the beginning of the year the chemical work of the Division was
being done in the Mines Branch Chemical Laboratories, Sussex street.
The restoration of the temporary frame building containing the chemical
laboratories and offices of the Division on Booth street, which were
destroyed by fire in I'ebruary, 1920, was still in progress, and was not
completed and the building ready for occupation until the middle of
February, when work was resumed in our own laboratories.

Considerably more work was accomplished than in the preceding year,
due to-the increase in staff by the temporary appointment in July of
B. P. Coyne, as associate chemist. A temporary technical officer was
appointed as laboratory assistant, and his services were utilized in the
chemical laboratories for a portlon of the time.

As in past years, the laboratories were employed by the chemical
staff in the determination of analyses and assays of ores and experimental
test products from the investigations being carried on by the engineering
- staff of the Division. Assistance was givenin the solution of the metallurgical
problems covered by the investigations.

The total number of samples analysed and reported on during the
year was 838, involving 3,000 chemical determinations. Of this number
the largest proportion was from the experimental and research work on
the investigations. These samples represented ores and minerals from
localities throughout the Dominion, as the following list will indicate:—
Brass slag—8 samples—Refuse product from brass foundry. Determined,

tin, antimony, lead, copper, and zine.

Copper ores—371 samples—Ores from northern Manitoba, Anyox, B.C.,
and northern Ontario. Determined, copper, copper and nickel and
zine, gold and silver.

Ferro-molybdenum—2 samples—from Mines Branch. Determined, molyb-
denum, iron, carbon, sulphur, and copper.

Graphite ores—13 samples from Quebec. Determined, carbon.

Graphite shale—4 samples from New Brunswick. Determined, graphitic
carbon, volatile and combustible.

Gold ores—33 samples—Ores from Trout lake, B.C., northern Ontario,
northern Manitoba, and Quebec. Determined, gold, silver and lead.

Lead-zine ore—139 samples—from Kimberley, B.C. Determined, lead,
zine, and silver.

Magnesite—23 samples—from Calumet, Que. Determined, lime and
magnesia,

Molybdenite—29 samples—from Ontario and Quebec. Determined,
molybdenite, molybdic oxide, copper, arsenic, iron, and lime.

Nickel—83 samples—from northern Ontario. Determined, nickel.
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Nickel-copper—T71 samples—ores from Sudbury, Ont. 'Determined, nickel
and copper.
Platinum—8 samples—from the Cariboo district, B.C. Determined,
platinum and gold.
Silver—54 samples—slimes from Cobalt ores and ores from Cape Breton.
Determined, silver. : l
Besides the regular assays and chemical analyses performed on the
numerous ores and minerals as indicated above, special investigation was
also carried on in the case of some of the more complex ores, with the view
of ascertaining the presence of any rare elements or precious metals.

Tae RECOVERY OF THE METALS OF THE PLATINUM GROUP FROM PLACER
: CONCENTRATES

Part1 -

In 1919 an investigation was undertaken on a small shipment of placer
concentrates for the recovery of the metals of the platinum group. The
experimental work consisted of trying a new method for the amalgamation
of the platinum group metals, as follows:— ‘

The dressed plates were sprinkled with finely powdered zinc amalgam,
.made by pouring molten zine into mercury, and grinding the amalgam
thus produced to powder. The platinum sands were ground to 150 mesh
and fed over the plates in the form of a wet pulp containing a weak solution
of copper sulphate and sulphuric acid; an electro-chemical action takes
place, forming a permanent coating of copper on the platinum, which in
passing over the plates is held by the mercury. Due to the limited supply
of material submitted and the small quantity of platinum in the sample,
the results obtained were doubtful as to accuracy. The results were as
follows:—

Pulp before amalgamation......oovvivreniunns. Au. 0-10 oz.; Pt. 0-003 oz.
* Pulp after amalgamation.....vevrvnrerenrneess Au, 0.06 oz.; Pt. 0-001 oz.
J G T e 7T ) A Au. 40 p.e. Pt. 66 p.c.

A larger sample of 450 pounds of concentrates from the same locality -
was received, and in the preparation of a sample cut out from the ship-
ment for assay, it was found that all the metals of the platinum group were
caught on a 100 mesh screen. The assay of this sample was — Au. 0-41 oz;
Pt. 0-032 oz. —100 mesh material after removal of metallics —Au. 0-39
oz.; Pt. trace.

The results of this assay showed that the metals of the platinum group
in these particular concentrates were free, and occurred in the form of fine
flake-like particles coarser than 100 mesh. This finding was substantiated
by further work. In order to obtain some material high enough in platinum
content so that the above method could be tried for the recovery of the
platinum group metals, the remainder of the shipment was ground in ball
mills for two hours and screened on a 100 mesh screen. This gave the

following products:— : o
Product Weight Au.oz. Pt.oz.
Ibs. per ton  per ton
B (1 1Y) N N 107 0:90 0-105

—100mesh,...cviiiiiiiineiens Mieriaraiaes 278 0-10 trace
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In the assay of the 4 100 mesh material from a sample of 1,518
grams ground to pass 100 mesh, 10 grams of metallics were caught on the
screen, which lot was assayed separately from the material passing through
the screen. This assay gave when figured to the ton of head sample, of
~+100 mesh produet:—

Metallics, . ovvreruvnerieneneniernrerenensarens Au. 0-48 oz. Pt. 0-101 oz.
—100mesh, uerniiinieiiiiii i, Au. 0-42 oz. Pt. 0-005 oz.
0 7 O Au. 0-90 oz, Pt. 0:106 oz.

These results check the former ones, and prove that the values of the
platinum group metals in this concentrate can be recovered as metallics
by grinding to 100 mesh.

The -+100 mesh product which shows values in gold of 0-90 oz. per
ton, and in platinum group metals of 0-105 oz. per ton, will be used for
experimental work in recovering the values by the method deseribed above.
This work will be conducted next year.

Part 1T

Experimental work was conducted by making fusion tests on the
placer concentrates, which consist of black sands or iron oxides, chiefly the
magnetic oxide containing gold and metals of the platinum group. In
some cases the precious metals are locked up in the metallic oxides, and
the usual methods of amalgamation have failed, even on fine grinding, to
make a satisfactory recovery of these metals.

A series of experiments was undertaken along similar lines to those
employed in the regular erucible assay, namely, of fusing and slagging off
the iron content and gangue, and collecting the precious metals in a lead
button by the addition of galena to the charge. Several mixtures were
employed, using a quantity of limestone, silica, and charcoal as fluxing
materials, a sufficient quantity of galena containing about 60 per cent
metallic lead, and about 50 ozs. of silver. It was hoped to melt this mixture
at a fairly high temperature to form a liquid slag, and produce metallic
lead for the collection of the precious metal values. The fusions were
made in a Case muflle furnace, but it was found that a much higher temper-
ature was required than it was possible to obtain in this furnace, to produce
a liquid slag. Further experimental work along this line will be conducted
in other types of furnaces.




