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Annual reports on Mines Branch 1nvest1gatlons are now issued in
four parts, as follows:—

Investigations of Mineral Resources and the Mining Industry.

Investigations in Ore Dressing and Metallurgy (Testing and Research
Laboratories),

Investigations of Fuels and I‘uel Testing (Testlng and Research
Laboratories).

Investigations in Ceramics and Road Materials (Testmg and Research
Laboratories).

Other reports on Special Investigations are issued as completed.



MINES BRANCH INVESTIGATIONS IN

ORE DRESSING AND METALLURGY, 1923

I

GENERAL REVIEW OF INVESTIGATIONS

W. B. Timm
Chief of Division

During the year 1923, the laboratories of the Division were devoted
entirely to experimental and research work in connexion with the treat-
ment of Canadian ores and metallurgical products. The results of the
various investigations are given in the reports by the officials of the Div-
igion directly engaged on the work. A brief review of the investigations is
given below.

Report No. 186

THE CONCENTRATION OF THE ORE FROM THE ROSSLAND VELVET MINES, LTD.,
ROBSLAND, B.C., BY R. K. CARNOCHAN :

The experimental work showed that the ore could be concentrated
with good recoveries of the gold and co%per values by table concentration
and flotation, or by flotation alone. Tabling and flotation gave the higher
recoveries; straight flotation gave the higher grade product.

Report No. 186

THE CONCENTRATION OF THE ORE FROM THE COLUMBIA-KOOTENAY MINE,
ROSSLAND, B.C., BY R. K. CARNOCHAN

The shipment submitted was very low grade, badly weathered and
oxidized. The experimental tests, however, showed that the copper and
gold values could be concentrated by table concentration and flotation, or
by straight flotation. On higher grade ore, results similar to those obtained
on other Rossland ores are possible.

Report No. 187

SELECTIVE FLOTATION TESTS ON SULLIVAN MINE ORE, KIMBERLEY, B.C.,
. BY C. 8. PARSONS

The experimental work on Sullivan ore was done in order to obtain a
comparison of results using various flotation reagents. Tests were made
using reagents other than those used at the Trail plant and using their
reagents, for a comparison of results. Irom the results it was found that
7 cake and Fumol were very satisfactory for the flotation of the lead, and
light hardwood creosote and No. 34 gravity fuel oil gave good results for
the flotation of the zine. Better results were obtained with these reagents.
than by using the reagents in practice at Trail.

83369—1
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Report No. 188

FLOTATION TESTS ON COPPER MOUNTAIN ORE, COPPER MOUNTAIN, B.C.,
BY R. K. CARNOCHAN

The test work was done to determine the flotation reagents suitable
for use in the concentration of this ore by flotation. The copper minerals
present being chalcopyrite and bornite, permits the production of a high-
grade concentrate. The recovery of the copper values varied with the
degree of fineness to which the ore was ground. Of the flotation reagents
used, TT mixture gave the higher grade concentrates, showing a selective
action for the copper minerals.

Report No. 190

CONCENTRATION OF A COPPER ' GOLD ORE FROM SURF INLET, B.C.,
BY R. K, CARNOCHAN

The test work on the Belmont Surf Inlet ore was done in order to
determine the results obtained by different methods of treatment, and to
study the effects of different oil mixtures used in the flotation of the ore.
Table concentration and flotation gave much better results than flotation
alone. High recoveries of the gold, silver, and copper values were made
in a high-grade concentrate. Of the flotation reagents used, TT mixture
had a better selective action for the copper minerals, giving a higher grade
concentrate than the other flotation reagents.

. Report Nos. 191-192
GOLD ORE FROM CRANBERRY HEAD, YARMOUTH CO., N.8., BY C. 5. PARSONS

Experimental test and research work was done on two shipments of
.ore, to obtain the necessary data for determining the best metallurgical
treatment. It was found that amalgamation was essential in the treat-
ment of this class of ore; that the amalgamation tailing could be ecyanided
without difficulty, with the recovery of practically all the remaining gold
values, or that the amalgamation tailing could be concentrated on tables
with the production of a concentrate, marketable for its gold and arsenic
content, or the gold recovered by pan amalgamation and the residue
marketed for its arsenic and gold content. The reports describe in detail
the various methods that could be applied, and give the results obtained
from each method. The investigator has described very fully the different
methods that could be applied to Nova Scotia gold ores.

Report No. 193

AMALGAMATION AND CYANIDE TES’i‘S ON THE ORE FROM THE OPHIR LODE
MINX, B.C., BY R, K. CARNOCHAN

Experimental tests were made to determine if amalgamation at 80
mesh was preferable to amalgamation at 40 mesh, and if it would be
necessary to cyanide after amalgamation. It was found that amalgam-
ation at 40 mesh was as efficient as amalgamation at a finer mesh and that
cyanidation was necessary after amalgamation to obtain a high recovery
of the gold values. The results show high recoveries by amalgamation and
cyanidation.
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Report No. 194

THE CONCDNTRATION OT THE COMPLEX SULPHIDE ORE OF THE RUSTIS MINE,
QUEBEC, BY C. 8. PARSONS p

The experimental work was done on a carload shipment, and con-
sisted of making semi-commerical runs to determine the correct conditions
for the selective flotation of the chalecopyrite from the pyrite, in this heavy
sulphide ore. The results showed that a copper concentrate containing
better than 20 per cent copper could be made with a recovery of over 90
per cent of the copper values. These results were obtained by accurate
control of the proper conditions in the ball mill, classifier and flotation
cireuits, of the grinding, pulp density, reagents, etc

Report No. 195

EXPERIMENTAL TESTS ON GOLD ORE FROM THE KIRKLAND LAKE GOLD MINING
CO., KIRKLAND LAKE, ONT., BY R. K. CARNOCHAN

Tests were made on three samples, one of high-grade ore containing
molybdenite and tellurides, one of very low-grade ore, and one of mill
tailings. The experimental work on the high-grade sample was conducted
to determine whether the presence of molybdenite and tellurides had any
effect on the recovery of the gold values, and what recoveries could be
obtained. Considering the grade of the ore, good recoveries were made
by eyanidation. The molybdenite does not seem to have any deleterious
- effect on the recovery of the gold by the cyanide process. The presence of
tellurides requires that the ore be ground extremely fine for cyanidation.
Cyanidation gave good results on the low-grade ore, and also on the tailing
sample. The high tailings seem to be due to the coarseness of the grinding,
as shown in the screen tests.

Report No. 196

BEXPERIMENTAL TESTS ON GOLD ORE FROM THE WRIGHT HARGREAVES MINES,
LTD., KIRKLAND LAKE, ONT., BY R. K. CARNOCHAN

Tests were made on a high-grade sample, containing molybdenite,
tellurides and free gold, to determine whether the presence of molybdenite
and tellurides had any effect on the recovery of the gold values. Consider-
ing the grade of the sample, good recoveries were made by cyanidation.
The molybdenite does not seem to have any deleterious effect on the
recovery of the values. The presence of tellurides requires that the ore
be ground extremely fine for good extraction of the values by cyanidation.

Included in the report is a mieroseopiec examination of selected speci-
mens olf the ore by E. A. Thompson, showing the presence of the various
minerals.

Report No. 197

GOLD ORE TFROM DASSERAT ROUYN GOLDFIELDS, LTD., ROUYN TOWNSHIP,
TEMISCAMINGUE DIST., QUE., BY R. K. CARNOCHAN

Experimental tests were made to determine whether the ore was
amenable to treatment with high recoveries of the precious metal values.
The tests show the ore as submitted to be very amenable to treatment by
the eyanide process. A very high extraction of the values was obtained.
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Report No. 198

CONCENTRATION TESTS ON GRAPHITE FROM THE CANADIAN GRAPHITE CORP.,
GUENETTE, QUE., BY C. S. PARSONS AND R. K. CARNOCHAN

‘Tests were made to check up the results being obtained in the com-
pany’s concentrator and to determine the percentages of recoverable
graphite in as coarse a form as possible, with high recoveries of the graphite.
The tests show that there should be no difficulty in recovering a good
percentage of the graphite in coarse flake; that good recoveries can be
‘made; that high-grade flake can be produced by flotation and subsequent
refining of the flotation concentrate. The point to which concentration
should be carried before refining operations begin, is discussed in the
report.

Report. No. 199
SELECTIVE FLOTATION OF THE COPPER-NICKEL ORE OF SHEBANDOWAN LAKE
DISTRICT, ONTARIO, BY C:. 8. PARSONS o

Experimental tests were conducted to determine whether the ore
could be concentrated and a high-grade concentrate obtained carrying the
copper-nickel, cobalt, and precious metal values, with good recoveries of
these values. The tests show that the ore can be concentrated by selective
flotation, with the production of a concenfrate assaying 15 per cent in
copper, nickel, and cobalt, with a recovery of 90 per cent of these values.
Further work will be conducted to determine whether the precious metal
values are reporting in the flotation concentrate.

Report No. 200

THE CONCENTRATION OF MOLYBDENITE ORE FROM THE PROPERTIES OF THE
MOLYBDENITE REDUCTION CO., NEAR AMOS, QUE., BY C. 8. PARSONS

The object in view in conducting experimental tests was to determine
whether the ore was amenable to treatment by the flotation of the molyb-
denite from the gangue minerals, with the production of a high-grade
marketable product with a high recovery of the molybdenite values. The
results showed the ore to contain an average of 2 per cent molybdenite
from which a high-grade concentrate, averaging 90-8 per cent molybdenite
was obtained with a recovery of 95 per cent of the molybdenite values in
the ore. The tailings contained 0-10 per cent molybdenite. No difficulty
was experienced in obtaining the-above results which were from tonnage
check tests. .

Report No. 201

THE CONCENTRATION. AND TREATMENT OF ARSENICAL GOLD ORE FROM
BATHURST, N.B.,, BY J. S. GODARD

Gravity concentration tests were carried out by means of jigs and
tables, and by flotation, to determine whether a high-grade arsenical
concentrate could be produced from the ore. Tlotation gave the better
results, producing a concentrate containing 30 per cent arsenic with a
recovery of 90 per cent of the arsenic values. The ore contains small
amounts of gold and silver values, about $2.50 per ton. The arsenopyrite
concentrates contain $3 to $3.50 per ton in gold and silver. Leaching.
tests made on the concentrates showed that the cost of leaching and con-
sumption of cyanide was too high to make the extraction of precious
metal values by this method feasible.
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Report No. 202

THE TAILING DUMPS OF THE NAUGHTON GOLD MINE, NAUGHTON, ONT., BY
C. S. PARSONS

The report contains the estimated reclaimable tonnage in the dumps,
the average assay of arsenic and gold content, and the results of simple
concentration tests. The assays and results of the concentration tests
indicate that it will not pay, at present, to reclaim and concentrate the
dumps, especially the lower dump, as the grade and amount of concentrate
obtainable would be too low to stand the cost of concentration, treatment
charges, and transportation to the smelter.

Report No. 203

CONCENTRATION OF THE ZINC-IRON MIDDLING FROM THE DUMP AT NOTRE-
DAME DES ANGES, QUE., BY C. 8, PARSONS

The purpose of the experimental work was to determine whether the
zine, lead, gold and silver values could be concentrated by the elimination
of the iron sulphides and any gangue minerals. Magnetic separation and
flotation tests were made. By magnetic separation after giving the material
a magnetic roast, a high recovery of the zinc was obtained. The zinc con-
centrate contains all the siliceous material and this prevents a high-grade
zinc product from being made. Table concentration would improve the
grade of the zinc product. The flotation tests indicate that a 40 per cent
zine product can be obtained by selective flotation of the zinc from the iron
sulphides, but attention is drawn to the difficulty in obtainin% and. main-
taining the correct flotation conditions in the treatment of a limited ton-
nage of partly oxidized dump material.

Section 11T

The investigations carried on by the staff of the chemical laboratories
of the Division, were as follows:—

. THE VALUE OF GIVING THE SILVER RESIDUES FROM THE DOMINION REDUCTION
COMPANY, COBALT, ONT., A WEAK SULPHURIC ACID WASH PREVIOUS TO CYANIDINGy
BY B. P. COYNE.

It was found that a 1 per cent sulphuric acid wash was as effective as
a stronger acid wash for removing soluble salts; that it was easier to wash
out the soluble salts when a weak solution was used, and that this treat-
ment reduces the cyanide consumption.

DETERMINATION OF SOLUBLE CYANICIDES IN CRANBERRY HEAD GOLD ORE,
AND THE EFFECT OF CERTAIN REAGENTS ON CYANIDE CONSUMPTION, BY B. P, COYNE.

It was found that the ore does not contain any cyanicides soluble
under working conditions, and that the use of Na,0O. reduced the cyanide
consumption.

DETERMINATION OF SOLUBLE SALTS IN EUSTIS COPPER ORE, AND THE EFFECT
OF ADDING LIME FOR SELECTIVE FLOTATION OF THE CHALCOPYRITE, BY B. P, COYNE,

It was found that the oxidized ore contained a much greater amount
of soluble salts than the unoxidized ore, and that the addition of lime
prevented the iron from going into solution.
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THE PRECIOUS METAL VALUES IN PRODUCTS FROM SMELTING TESTS ON COPPER-
NICKEL ORE OF SHEBANDOWAN LAKE, ONT., BY H. C. MABEE.

The matte produced was low grade, representing 37-5 per cent of the
weight of the ore used. Analysis of the matte showed it to contain gold
0:03 oz., platinum 0-085 oz., palladium 0.1381 oz., and that almost all the
total precious metal values in the ore were contained in the matte.

THE ELIMINATION, BY SELECTIVE FLOTATION, OF BARREN PYRRHOTITE FROM
THE NICKELIFEROUS PYRRHOTITE ORES OF THE SUDBURY DISTRICT, BY H. C. MABEE.

A study was made of the flotation products to determine the amounts
of barren pyrrhotite that were eliminated in the tailings by selective
flotation of the ores. This was found to be 30 to 50 per cent of the pyrrho-
tite in the ores. This elimination of barren pyrrhotite, together with the
gangue minerals, is significant, and means a saving in several directions if
the ores were concentrated before smelting.

THE HYDROMETALLURGICAL TREATMENT OF PYRRHOTITE AND PYRITE ORES
WITH THE PRODUCTION OF ELECTROLYTIC IRON, AND THE. RECOVERY OF SULPHUR
AND OTHER METALS AS BY-PRODUCTS, BY R. J. TRAILL,

The results of the test work carried on during the year are given in
the report. The test work was carried to a point where better facilities for
carrying on the investigation were required. A new laboratory was built
and is being equipped, so that a complete eycle of operations can be main-
tained. Although the equipment is on a small seale and only small scale
tests can be conducted, it was deemed advisable to work out the problems
on & small laboratory scale before embarking on any extensive large scale
work. The process has possibilities of being commercially applicable to
Canadian pyrrhotite and pyrite ores.

Section IV

As a large part of the experimental work done in the laboratories is
on the flotation of ores, a summary of the work on selective flotation as
applied to Canadian ores was compiled by C. 8. Parsons. This report is
inserted as Section IV. :

Section V

A considerable amount of experimental work has been done in the
laboratories on the beneficiation of Canadian iron ores. A summary of
the more important tests was compiled by W. B, Timm. It is ingerted
under Section V. :

. Section VI

During the last two years, experimental tests were made on the
selective flotation of the lower grade nickeliferous pyrrhotite ores of
Ontario. The ores were from the Sudbury nickel area and the Sheban-
dowan Lake district of Ontario. The results of the various tests have been
collected and compiled in one report. It is inserted as Section VI.

Section VII

During the year a number of ore concentration plants in Canada were
visited by officials of the Division, and a study made of the processes
being applied to the concentration of Canadian ores. A deseription of some
of the Important ones is included in this section.



7

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 report number, class of ore or product, source
of shipment, shipper and weight of shipment, on which experimental test
and research work was conducted:—

Report Ore or Source of . ’ Weight
No. product shipment Shipper and address pounds
185 |Gold-copper..{Rossland, B.C.......... Rc])}s'ss(l)and Velvet Mines, Ltd., Rossland, 160
186 [Gold-copper..|Rossland, B.C.......... Columbia~-Kootenay Mines, Ltd., Ross-|
Tand, B.Coovrirriieninivaarinneransans 60
187 [Lead-zine.....[Kimberley, B.C........ Cons. Mmmg and Smeltmg Co. of Can-
ada, Ltd., Kimberley, B.C.... 100
188 |Copper.......|{Copper Mountain, B.C..|Canada Copper Corporation, Copper
Mountain, B.Gu..vvviririenrasnsnenen. 100
190 |Gold-copper..|Surf Inlet, B.C......... .Bt:e[lm%nt Surf Inleb Mines, Ltd., Surt 15'
nlet, B.C.vvvivrvivernrnivonsonsonnes 0
101 |Gold......... Cranberry head, Yar-
mouth co., N.8....... 8. F. Johnson, Boston, Mass., U.S.A.... .280
192 |Gold....... ..|Cranberry head, Yar-
mouth co., N, Sonns 8. F. Johnson, Boston, Mass., U.8.A... 380
193 |Gold,........ Ophir Lode mine, Lar-
deau, B .|H. B. Morrison, Nelson, B.C.... 20
194 |Copper....... Eustis, .{Eustis Mining Co., Eustis, Que.. 40,000
195 |Gold......... Kirklan Lake, Ont.....|Kirkland Lake Gold Mining C
land Lake, Ont 200
196 [Gold......... Kirkland Lake, Ont.....|Wright Hargreaves Mine
land Lake, Ont. 150
197 |Gold......... Rouyn township, Tém-
iscamingue dist., Que.|Dasserat-Rouyn Gold Mines, Litd.,
- Ottawa, Onb.....ovvivireveresrnrnnan 950
198 |Graphite..... Guenette, Que.......... Caré%dxgl Graphite Corporation, Guen- -
ette, QUe. . iveiv et iiiiineieieines
199 |Copper-nickel |Shebandowan lake, Ont. Ja%lgsxn and Peacock, Duluth, Minn., °
................................ 0
200 |Molybdenite .|La Corne and Malartic
tps., Abitibidist., Que. Molybdemte Reduction Co., Montreal, 20, 188
201 Arsemc-gold. Bathurst, N.B.......... Densmore, Bathurst, N.B........ 200
202 |Arsenic-gold.. Naughton, Ontevevvnnns Mmes Braneh, Department of Mines,
Ottawa, ONbrerrnrernrsrnsennannnnnns 200
203 |Zinc.......... Notre-Dame des Anges,
U€esuerarvooasnsnanas British Metals Corporation, Montreal, 10
UCusvvrss et e aeeratacetiieireeneass
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REPORTS ON INVESTIGATIONS CONDUCTED
Report No. 185 ’

THE CONCENTRATION OF THI: COPPER-GOLD VALUELS IN THE ORE
FROM THE ROSSLAND VELVET MINES, ROSSLAND, B.C.

R. K. Carnochan

 Shipment.—A shipment of ore, 1575 pounds net, was received at the
Ore Dressing and Metallurgical Laboratories, October 12, 1922, from the
Rossland Velvet Mines, Ltd., Rossland, B.C.

Purpose of experimental fests.—The ore contains values in gold, silver,
and copper, and tests were desired to determine a suitable method of con-
centrating these values.

Analysis of shipment.—The shipment was divided into three lots.
Samples of these lots were taken and found to contain:—

Gold Silver Copper

oz. per ton oz, per ton  per cent
MiIlNg OrG. . veir i iiiernenrsresnraenieanenas 0:26 0-32 2-58
No. 1dumpore.....vuviieiincinessenesnines 0-18 0-26 1.01
Oxidized dump orCG....ovvvvvevivniiinneriins 0-26 0.34 1.12

Eaxperimental Tests

Test No. I-—No. 1 dump ore; tabling and flotation.—A lot of 2000
grammes of No. 1 dump ore —20 mesh, was screened on 80 mesh. This
gave:i—

B 1 1,810 grammes
690 «

The —20-4+80 was run over a small Willley table making a concentrate,
middling, and tailing. The —80 and the table middling were ground for .
15 minutes in & small ball mill with 25 drops of water-gas tar and then
floated in a small Ruth machine with 2 drops of P.T.T. No. 350.

Test No. 2—M<lling ore; tabling and flotation.—A lot of 1417 grammes
of milling ore, —20 mesh, was screened on 40 and 80 mesh. This gave:—

L1 | 640 grammes
40480, i N 286 «“
L1 N 491 “

The three sizes were tabled separately making in each case a concentrate
and a tailing. The —20-+40 table tailing was ground for 5 minutes in a
small ball mill with 25 drops of water-gas tar, the —40--80 tailing was
then added and the ball mill run for 5 minutes more, the —80 tailing was
now added and the charge ground again for 5 minutes. The ball mill
charge was then floated in a small Ruth machine with 5 drops P.T.T.
No. 350. . :
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Test No. 8 on oxidized dump ore; tabling and flotation.—A lot of 1655
grammes of oxidized dump ore —40 mesh was screened on 80 mesh. - This

gave —
B L 1 690 grammes
065 “

Tach of the above sizes was tabled, making a concentrate and a tailing.
The —40+80 table tailing was ground for 5 minutes in a small ball mill
with 25 drops of water-gas tar. The —80 tailing was then added to the
mill and the whole charge ground for 5 minutes more. The ball mill charge
was then floated in a small Ruth machine with 10 drops of P.T.T. No. 350.

Test No. 4 on No. 1 dump ore; tabling and flotation.—This test is
similar to Test No. 2. :

=20 40, ettt e e i 602 grammes

[
40 80, ittt e i e e aaaaes 379 “
et 11 S PPN 557

The flotation concentrate was re-run to clean it up. This gives from
flotation a concentrate, a middling, and a tailing.

Test No. 6 on milling ore; flotation.—The ore, —20 mesh, was ground
for 30 minutes with 25 drops of water-gas tar in a small ball mill and
then floated in a small Ruth machine with 3 drops P.T.T. No. 350. The
concentrate was re-run to cleanitup. This gives 3 products from flotation.

Test No. 6 on No. 1 dump ore; flotation.—Similar to test No. 5.

Test No. 7 on ozxidized dump ore; flotation.—Similar to test No. 5.

Test No. 8 on oxidized dump ore; flotation.—The ore,—20 mesh, was
ground for 30 minutes in a small ball mill with 0.6 c.c. heavy hardwood
creosote oil (I.P.L. 26) and 0-4 c.c. of a mixture of 40 per cent coal tar
and 60 per cent eoal tar creosote. The ball mill charge was then floated
in a small Ruth machine, the concentrates being re-run to clean them.

Test No. 9 on oxidized dump ore; flotation.—The ore, —20 mesh, was
ground for 30 minutes in a small ball mill with 3 grammes soda ash and
then floated in a small Ruth machine with 10 drops of T'T (Callow alpha-
betical reagent). The concentrate was re-tun to elean it.

Test No. 10 on oxidized dump ore; flotation.—This test is the same as
test No. 9, except that 3 grammes of lime were used in place of the sod
ash and 10 drops of XY were used in place of the TT. )

Test No. 11 on oxidized dump ore; flotation.—This test is the same as
test No. 9, except that lime was used in place of soda ash, and thiofizzan
in place of TT.

Test No. 12 on oxidized dump ore; flotation.—This test is the same as
test No. 9, except that lime was used in place of soda ash.

Test No. 13 on oxidized dump ore; flotation.—This test is the same as
test No. 9, except that XY was used in place of T'T.

Test No. 14 on oxidized dump ore; flotation.—Thig test is the same as
test No. 9, except that thiofizzan was used in place of T'T.

Test No. 16 on milling ore; flotation.—This test is similar to test No. 9.
Three grammes of lime were used in grinding the ore, and 5 drops of T'T
were used for flotation.

Test No. 16 on No. 1 dump ore; flotation.—This test is similar to test
No. 9. Three grammes of lime were used in grinding the ore and 5 drops
of T'T used for flotation.

s
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Results of Experimental Tests

Test Weieht I Analysis Per cent of values
e eig
Product -
No. grms. | Au. Ag. | Cu.
oz. on. |per cent| AU Ag. Cu.
1 |[Table concentrate............ 169 1.02 0-86 3:02
Flotation concentrate......... 67 1.24 1.38 12-17} 64-9 51-1 73-6
Table tailing...... N 684 0:06 0-08 0-33 :
Tlotation tailing.............. 1,070 0-09 0-16 0-28 N
= 10 0-09 0-16 0-28
2 TaBIe conc?‘ntmte igg ....... 2?7) ggg 8% 'ggg
« « —s0......)) 72 o0.84| o088 10.12( S45| 95| 010
Flotation concentrate........ 69 0-74 1-18 | 16:79
“ tailing....covvenans| 1,016 0-04 0-06 0:26
LOSS.veeirseeainnanss 121 0-04 0-06 0:26
3 |Table concentrate +-80....... 173 0-66 0-38 3.37
“« o« —80....0.. 165 0-80 046 3:20 747 552 91-0
Flotation concentrate........ 65 076 1.14 8:15 .
“ tailing.....cvevena ) 1,070 008 0-14 0-13
) L1 N 182 0-08 014 0-13 -
4 [Table concentrate +§8 ..... . 13; (1)-82 8;(8) gg; '
L« « -s0......)| | o8| o8| 32| 88| €80p 881
Flotation concentrate........ 62 0-73 0-95 7-62
« middling........... 145 0-47 0-63 0:40
“ tailing...........00 ] 1,027 tr. tr. 0:10
LOoSS.ciiinininnins RPN 135 tr. tr. 0-10
§ |Flotation concentrate........ 116 0-98 0-80 | 16:78 57.7 546 77-2
“ middling........... 153 0-30 0-26 1-91 235 23-6 11.7
“ tailing.....oivnne 734 0:06 0-05 038 18-8 218 111
6 |Flotation concentrate........ 76 1.32 0-88 § 10-23 61-0 52-4 687
“ middling . 173 0-24 022 0-86 252 20.8 13+2
“ tailing..... Ceeeee. 758 0-03 ¢ 0-03 027 13-8 17-8 18-1
7 |Tlotation concentrate........ 44 1-10 1.14 | 11.99 17.4 13:9 46.8
« middling . 178 0-60 062 .2-64 38-4 30-7 41.6
S talling....aaaa.e, 768 0-16 0-26 0-17 442 554 11.6
8 |Flotation concentrate...... .. 1111 1 I . 5:95 79:2
e middling . 188 |uvivnnnifeenanes 0-69 11-5
“ tailing......o...el. (113731 AN N 0:16 9.3
9 (Flotation concentrate..... vee F A T Cerees 9:38 |oveun, N P 66+9
“ middling . .7 3 PO PN 1:32 ..., vees 164 -
« tailing........o.00 781 R RFPUURR I | I+ 1 SO PN eiee 16.7
10 |Flotation concentrate........ 185 |..ooenides i 6:80 |.eoiiifoerenn . 80-4
“ middling........... 18 |........[. vevenss] 003 ..eoiiiiinnens . 6+5
“ tailing......o.v.ne B3 A eee (1271 DA PO . 13.1
11 [Flotation concentrate........ 165 [ovveveei]ernnenns 587 [vovvniil].n cees 82:6
& middling......... % I V-1 2| PPN PPN S T 1 10 {7 PR PR Ceee 100
« tailing........... RS T/ T P I eeerees]|  0e12]., R ETTTRES 74
12 [Flotation concentrate...... 0 126 0:73 0-93 7-75 37.2 | 38.7 79-2
“ middling......... . 131 0-33 0-45 0-88 176 19-4 9.3
“ tailing............. 746-5| 0-18 0-17 0-19 453 41.9 1.5
13 |Flotation concentrate........ 38 Jiiieeiai]e RPN S C: 23 N (PR PO 464
u middling PR B /51 DR PO 2:78 |oiivenaifiennenes 41.7
“ tailing............. & 7 P IR 018 |oveveaii]nnen 11-9
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Results of Experimental Tests—Concluded

. Welehs Analysis Per cent of values
est Product elg]
No. rodue grms Au. Ag, Cu.
oz. oz, |per cent| AU Ag. Cu.
14 |Flotation concentrate........| 171-8....... 566 82.2
middling.,.........| 118 |........ 1-05 10-5
“ tailing..... vevseesd 713 0-12 7.3
15 |TFlotation concentrate........ 82-2( 1.34 26-50 54-3 88.0
« middling........... 77-1  0-63 2.23 16-6 6.9
« tailing........ 849-7) 0-09 0-15 29-1 5.1
16 |Flotation concentrate........ 40-3; 2-09 17-94 46-0 77-4
« middling.... 78:81 0:756 1-43 27-6 121
“ tailing...... 889-3t 0-05 0-11 26-4 10-5
Screen Test of Flotation Tailings
Test No. 36 +48 +-65 4100 -+150 ~150 200 1—200
Per cent | Per cent | Por cent | Per cent | Per cent | Per cent | Per cent | Per cent
D IO 0-4 24 15-8 27:0 9.7 44.7
[ [ D DN . 1.2 5.9 15-1 77-8
L A . 10-0 25-0 13-6 50-8
I P P P, 0:6 8-8 17-3 18-3 550
|| PR P S N 0-1 32 10-0 23-1 63-6
Tevienearnen [N P 0.1 6:3 10-9 227 60
BUMMARY
Milling ore~—The results obtained on the milling ore are as follows:—
T Analysis Per cent of values
est
Method used Product
No. Au. Ag, Cu.
0z. oz. [per cent Au. Ag. | Cu.
2 |Tabling and flotation...|Total cone..,.[ 0-88 0.-94 | 10-63 84:5 795 1.
& |Oil flotation............|Concentrate..] 0-98 0-80 { 16-78 57-7 546 71
Middling. .... 0-30 0-26 1-91 23 236 i1.
15 [Flotation with alpha-
betical reagents.......|Concentrate..| 1-34 2:12 | 2650 46-8 54:3 88
Middling..... 0:63 0-69 2:23 20-7 166 6.
No. 1 Dump ore.~The results obtained on No. 1 dump ore are as
follows:—
Test Analysis Per cent of values
e
Method used Product
No. Au. Ag. Cu.
oz, oz, |per cent| AU Ag. Cu.
4 |Tabling and flotation...|Total cone.,..| 0-79 063 4.02 78-8 68:9 88-1
Middling..... 0-47 0-63 0-40 212 31.1 4.0
6 |Oil flotation............. Concentrate..|] 1-32 0-88 | 10-23 610 52-4 68-7
Middling..... 0-24 0-22 0-86 25-2 29-8 13.2
16 |Flotation with alpha-
betical reagents...,...|Concentrate..| 2-09 231} 17.94 44.8 46-0 774
Middling..... 0:75 0.71 1 -1.43 31-5 27-6 12-1
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Oxidized dump ore.—The results obtained on oxidized dump ore are:—

Test Analysis Per cent of values
es .
. No. Method used Product Au. Ae. Cu. Au A G -
0z, o%. [per cent ' £ u.
3 |Tabling and flotation...|Total cone....[ 073 0:54 4-07 74.7 55-2 91.0
7 |Flotation....cevvenennns Concentrate..| 1-10 1.14 | 11-99 17:4 13:9 46-8
) . Middling..... 0-60 0:62 2:64 384 30-7 41.6
8 |[0il flotation............ Coneentrato . f.vveeviforeennss 595 |oiviiiddinnnnn. 79.2
Middling.o. oo veeiiforinnans (11170 IR R . 11.5
12 |Flotation with alpha- )
betical reagents....... Concentrate..f 073 093 7-75 372 38-7 79.2
Middling.....| 0-33 0-45 0-88 17-5 19-4 9-3
CONCLUSIONS

1. Tabling and flotation give higher recoveries and lower grade
products than flotation alone.

2. Flotation with alphabetical reagents gives better products and a
higher copper recovery than oil flotation, but the oil flotation gives better
gold and silver recoveries. ’

3. Cyaniding at —200 mesh for 24 hours reduced the tailings from
tests Nos. 2 and 3 to a trace in gold and silver. ,

4. The best method of treating this ore can only be decided by a
careful consideration of freight rates and smelter charges.

Report No. 186

THE CONCENTRATION OF THE VALUES IN THE PYRRHOTITE FROM THE
COLUMBIA-KOOTENAY MINE, ROSSLAND, B.C.
R. K. Carnochan

Shipment.—A shipment of 56 pounds of ore was received September 5,
1922, from the Columbia-Kootenay mine, Rossland, B.C.

Characteristics of shipment.—The chief mineral constituent was pyrrho-
tite, carrying small amounts of chalcopyrite, gold and silver. It was mn a
weathered and oxidized condition.

Purpose of experimental tests.—Tests were desired to determine if the
copper and precious metal values could be concentrated to a marketable
grade. X A .
Analysis—The ore was crushed to 4 mesh and a sample cut out.
This sample gave upon analysis the following:—

Qold...ovevennns . 0:06 oz. per ton 0-46 per cent
Silver.cveiiasseens 0-08 «“ 86:36 ¢
Sulphul.e.eeeeons 20+46 per cent Insoluble.. 2240 -

Experimental tests: ) '

.1 Tabling and flotation.—About 1,400 grammes of the ore, —20 mesh,
was sereened on 40 and 80 mesh. Each size was tabled separately on a
small Wilfley table, making a concentrate and a tailing. “The table tailings
were mixed, ground in a ball mill, and then floated in a small Ruth machine.
All products were dried, weighed, sampled and analysed. The table con-
centrates averaged 0-07 oz. gold per ton and 0-48 per cent copper. The
flotation concentrate ran 0-12 oz. gold per ton and 2-65 per cent copper.
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Flotation.—Nine flotation tests were made on the ore using different
oils and reagents. In the best test, the concentrate ran 3-02 per cent
copper and the copper recovery was 76-0 per cent. The next best test
gave a concentrate of 1-80 per cent copper with a recovery of 84-5 per cent.
The other tests gave very much poorer results.

Flotation and tabling.—Two tests were made to see if it would be
possible to raise the grade of flotation concentrates by tabling. It was
found that the table concentrate and tailing ran practically the same in
copper.

CONCLUSIONS

1. The ore submitted contains very low values in copper, gold and
silver, and even if it could be concentrated satisfactorily it could not be
worked economically.

2. If ore of higher grade was found on the property it would likely be
amenable to flotation, for with a higher head a higher concentrate and
recovery would be obtained.

3. Tabling seems of little value in treating an ore of this kind, as due
to the large sulphide content, 44 per cent of the heads go into the con-
centrate when tabled.

4. Cyaniding the tails from the tabling and flotation test at —200
mesh for 24 hours reduced them to a trace of gold and silver. With higher
grade ore this method might be of use in treating flotation tailings, if they
are too high in gold and silver to discard.

Report No. 187
FLOTATION TESTS ON SULLIVAN MINE ORE

C. S, Parsons

A shipment of 100 pounds of ore from the Sullivan mine, Kimberley,
B.C., was received July 18, 1922, from the Consolidated Mining and
Smelting Co. of Canada, Trail, B.C., for the purpose of comparing the
results obtained from treating the ore with the reagents used in their
practice, with those obtained from the use of other flotation reagents.

The accompanying table gives the results from a series of nine tests
made by flotation. The first three of these tests were made on the ore as
soon as 1t was received. No further work was done on the ore until
. December, when a test was run with the reagents now being used at the
company’s mill.

In the first three tests, a method of treatment was used that had
previously been worked out for the separation of the lead and zinc in the
North Star ore. Such excellent separation was obtained that it is doubt-
ful whether it can be very much improved on by any method of straight
flotation alone. No attempt was made to table the lead from the zinc
concentrate, but no doubt this could be done and an increase in the recovery
of the lead obtained. In running these tests it was necessary to make both
a lead and zinc middling product, but in practice this would be returned
continuously to the lead and zinec circuits, or treated separately for the
recovery of the values.
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Tests Nos. 1, 2 and 3—The general procedure in making the tests was
as follows:—

1,000 grammes of ore crushed dry to 30 mesh was placed in a small
ball mill and in the case of the first test 0.1 gramme Z cake added together
with 214 grammes lime and 14 gramme of Selecto. The lime keeps down the
iron and also tends to keep the zinc down, but the Selecto is added for that
purpose. The charge was then ground to the required fineness and dumped
into a Ruth flotation machine. A little F'umol was added to froth the cell
and a lead concentrate was floated. The cell was then run out and the lead
concentrate placed back in the cell and recleaned. A lead middling from
this recleaning operation was obtained which was Kept separate. The lead
tailing, which in the meantime had settled, was decanted in order to get
rid of the Selecto and lime.r Soda ash, about 5 pounds or less per ton and
1 pound per ton copper sulphate were added.? YZ mixture was then added
and the dewatered pulp washed into the cell. The zince was floated, a little
Fumol being used to increase the froth. The zinc concentrate wasrecleaned,
producing a zine niiddling,. :

Considering the results obtained in the first three tests and from
similar results obtained on the North Star ore, it appears that Z cake and
Fumol are the best for floating the léad, and that light hardwood creosote
oil from the Standard Chemical Co. and No. 34 gravity fuel oil from the
Great North Western Oil Co., Cleveland, Ohio, are the most suitable oils
for the zine. _ '

Test No. 6.—In this test the Selecto was not added, the object being
to determine if a satisfactory separation of the lead and zine could be
obtained without it, and at the same time avoid the step of dewatering
the lead tailing before attempting to float the zine. The procedure was
as follows:— .

The ore was ground with 5 pounds per ton of lime and 1 pound per
ton soda ash, and 0-1 gramme of Z cake. The cell was frothed to float
the lead with Fumol No. 6. After eliminating the lead, the zine was floated
by adding 1 pound copper sulphate per ton, and IX.K. oil and a little No. 5
pine oil to froth the cell. The results obtained were very poor. Referring
to the table, it will be seen that 138 per cent of the zine floated with the
lead and that the lead concentrate was low grade. The zinc concentrate
was very dirty and only a 10-4 per cent recovery was obtained. The lime
" present evidently prevented the zine from floating.

“Tests Nos. 4, 6, 7 and 8.—The reagents used at the eompany’s plant
were used. Mr. C. L. Dewar ran these tests and was unable to obtain
satisfactory separation. Tests 4, 5 and 7 were run with water-gas tar
from the Barrett Company. It was thought perhaps that the water-gas
tar was the trouble, so a sample of the water-gas tar used at the company’s
mill was obtained and tried out in test No. 8. No improvement in the
separation resulted. .

. Test No. 9.—This test was made to check the results obtained in tests
Nos. 1, 2 and 3, and to see if the ore had altered in any way through oxida-
tion since the first tests were made. When running tests on the North

INote particularly here that from experience on other ores, as well as this one, it has been
found that the main bulk of the lime must be removed before floating the zine, also that if sufficient

lime is not added in the first place to insure the wetting effect on the iron remaining after decanta~
tion, the iron will tend to float with the zine in the soda ash pulp.

30n the North Star ore equally good results were obtained without the addition of CuSo.
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Star ore it was observed that if the ore, ground to 30 mesh, stood for a
couple of weeks, the lead oxidized and a good recovery could not be
obtained without the addition of sodium sulphide.

The shipment of Sullivan ore had all- been crushed to one-fourth inch
for sampling. Only sufficient ore for three or four flotation tests was
crushed to 30 mesh.

In test No. 9 a sample was taken from the one-fourth inch material
and erushed o 30 mesh for the test. One thousand grammes of the freshly
crushed ore was ground in the ball mill with 0-2 gramme Z cake, 5 1b.
lime per ton and 1 1b. Selecto per ton for 30 minutes, to pass 200 mesh.
The cell was frothed with Fumol No. 6. The procedure was the same as
that used in the first three tests.

When the flotation of the lead was attempted, it was found that only
a small quantity of concentrate was obtained. It was evident that the
lead had become oxidized, so a little sodium sulphide was added to the
pulp. After a short period of mixing, the lead was floated without much
difficulty, but considerable iron also came up. Sodium sulphide has this
effect as a rule. It was also expected that more iron would tend to float
with the zinec in the subsequent flotation for that mineral. This was found
to be the case when the zine was floated, resulting in the production of a
low-grade concentrate.

The results from test No. 9 show that the lead mineral in the ore has
been altered in some manner and is difficult to float. The results on tests
4 to 9, therefore, cannot be accepted as reliable. In order to do any further
work, in comparing the reagents suggested by the Consolidated Mining
and Smelting Co., and the ones that have been found satisfactory by
the Mines Branch laboratories, it will be necessary to obtain a fresh
supply of ore.

Sullivan Lead-Zinc Ore
Head sample: Lead..... 111 ;13 per gent

Zine......
Iron...... 32:25 ¢
vty |

. weight by egover-

g Product | Weight | Weight Eé)l‘ [Z):r per cent ies Remarks

® grms, |per cent cent | cent assay

& “| Pb. | Zn. | Pb. | Za.

1 |Pb. cong...| 138 13.7| 52.600 6-1 {7069 | 83-6 | 63:0] 7-5(1000 grms, —30-mesh ore ground for 30
Pb. mids, , 48 4.8| 21-90| 10-0 |105.2 | 48-0 9-4| 4.3 mins, with 0-1 grm. Z cake, 2% grm.
Zn, cong...[ 234 23.2| 8.30| 37-4 |192-6 [867-9 | 17-1] 77-3] limeandllb/ton Selecto. I'loatedin
Zn, mids. . 24 2.4 9.80| 11-1 | 23.5 | 26-7 2.1 2-4] Ruth with Fumol 3 drops (0-1 grm.)
Tailing....| 563 65-9] 1-67[ 1.7 | 93.4 | 95-0 8.4} 85| Tails dewatered and refloated with

§ 1b/ton soda ash and 6 Ib/ton cogpet
sulphate, 4 drops YZ and 1 drop
TFumol. Zn, conc. re-treated making
Zn. mids. and Zn., cone. (F'umol
2 drops).

2 |Pb. conc... 85 8-3| 63-18| 6-4 |537-1 | 450 | 48-2[ 4-0j1000 grms. —30-mesh ore ground for
Pb. mids. . 58 5-8) 28-83| 9.6 |167-3 | 65-7 [ 15-0] 4-8] 30 mins. with 6 Ib/ton lime and
Zn. conc...| 256 258 10-47| 37-4 (208-0 [967-4 [ 24-1| 83-2[ 1 Ib/ton Selecto. Lead floated with
Zn, mids..| 109 10-9| 5.77| 3-5 | 62-9 | 38-2 5.6 33| 10 drops light ereosote (hardwood)
Tailing..,.| 401 49.2) 1.62( 1-1{ 796 | 54-0 7.1l 4.7| No, 25 (No. 31).  Thails dewatered

and Zn. floated with 6 1b/ton soda

agh, 1 Ib/ton copper sulphate, using

No. 34 gravity luel oil with No. 25
. for froth, .

83360—2
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Sullivan Lead-Zinc Ore—Conlinucd

st | o
. weight by ecover-
o Weight | Weight Pb. | Zn. per cent ies .
E Product grms, |per cent gixrt gnrt assay Remarks
5 Ph. ) Zn. | Pb. | Zn.
Pb. cong...| 122 12-1] 52.38| 4-0 1638-7 | 69-8 | 55-1  5.2{1000 grms. —30-mesh ore ground in ball
PD. mids. . 44 4.4] 28-18] 10-9 1124-0 | 47-7 | 10-6| 4-2| mill for 30 mins. with lime 5 lb/ton
Zn, cono...} 241 2381 11.23| 37.7 1270-8 19086 | 23-3| 79-7] and Selecto 2 Ib/ton. Run in Ruth
Zn, mids. . 80 7.0 6-80] 7.7 ) 54.4 ] 61.2 4-71  5-4] using pine oil No. §, coal tar ereosote
Tailing....] 523 51-8] 1-40; 1:2§73-2 1} 62-8 6-3] 55| 0-03 grm. (Davidson Co.). Tailing
dewatered and re-run for Zn, using
No. 1 X.K. oil 6§ drops. CuSO;
1 lb/ton, Na:COs 5 lb/ton,
Pb. cono...| 105 10-5] 53-12| 11.5 1557-0 |120-7 | 50-2| 10-4[1000 grms, —30-mesh ore ground for
b. mids. . 97 9.7 27-20[ 13-53{264-0 [131-4 | 23.7| 11-4| 30 mins. with soda ash 5 Ib/ton,
Zn. cone,..| 106 19-6f 8-13f 21-65/150-3 [424.3 | 14.3| 36-8] water-gas tar 0.3 1b/ton and coal tar
Zn, mids...|] 242 24.2[ 3.90{ 0-25} 044 (223-8 8+4| 19.5] orcosoto0-31b/ton. Madelead conc.
Tailing....[ 860 36+0] 1-52] 7-00f 87-8 {252:0 3+4] 21.9] and lead middling CuSOs 1 Ib/ton

and water-gas tar 0-2 1b/ton for zine.

Pb. eone...| 177 17-7| 40-45] 7-87(716-0 1139.3 [ 62-2| 11.8/1000 grms, —30-mesh ore ground 30
Pb. mids...| 174 17-4 13-26] 15-20/1230.7 |264-56 | 20-1| 22.5] mins. 5 Ib/ton soda ash and 3 Ib/ton
Zn, cone, .. 158 15-8| 0-75| 36-40|139-1 [675-1 | 13-4] 49-0] water-gas tar and 3 lb/ton conl tar
Zn, mids.,.{ 138 13-8] 2-27} 020 31-3 |127-0 2.7\ 10-8] orcosoto to float lead.” Zn. floated
Tailing,...| 355 356-3] 0-52[ 2.00( 18+5 | 71-0 1.6 6+0[ with a little water-gas tar and =«
drop of No.350. CuSO411b/ton was
added. Lead thiling not dewatored

beforo flonting Zn,
Pb. cone...| 147 14.p 44.28] 11.20] 64-5 | 16-35] 58-8] 13-8/1000 grms, —30-mesh ore ground 30
Pb. mids..[ 160 15:9 13-88( 12-60} 221 } 20-04] 20-2| 17-0] mins. with Z cake 0-1 grm., lime
Zn. cone.,. 47 4.7] 14-03| 26-03] 6-6 | 12.4 6-1] 10-4; b5 1b/ton, soda ash 1 Ib/ton, Floated
Zn, mids... 42 4.20 7.74] 7.381 8.3 3.1 3.0 2-6| Pb. by adding Fumol No. §, 3 drops.
Tailing....] 610 60-6f 2-17| 10-96| 13-15| 66-4 | 11.0} 56-2| Floated Zn. with CuSOs 1 1b/ton
and K.K. oil 3 drops, pine oil No. 5
1drop. Pb. tailing was not dewater-

ed before floating the zino.

Pb. cono...| 186 187t 38-8 | 6-50( 72-66( 11-771......]......]1000 grms, —30-mesh ore ground 45
Pb. mids. . 74 7-5) 14.7 | 14.51( 11.03| 10-88......}...,..] mins. with soda ash § Ib/ton, coal
41 4.2| 21.0 | 22-04] 8-82| 9.26......[......| tarcreosote 1 Ib/ton, Barrett water-
. 93 9-4| 8-8112-30[ 8-27) 11.56......]......| gmas tar 1 lb/ton for lead. Zine,
Tailing....|] 599 60-2( 1.14} 11-16{ 6-86| 67-18......].... ..] Cu804 1.5 lb/ton, water-zas . tar
6 drops, Pb. tails not dewatered

before floating zine.
Pb. cone...| 190 19-0[ 36-43| 11-12{ 6922 21-12{......]...... 1000 grms, —30-mesh ore ground for-
Ph. mids. . 129 12-8] 10-78| 15.55] 13-82| 9-90 .| 30 mins. with soda ash 5 Ib/ton.
Zn, cone. 56 5-6] 23-20] 15-04[ 12-99 Consolidated water-gas tar 0-3 1b/
Zn, mids,..| 105 10-4} 7-59} 14-61 7.89) 15-20 ton. Coal tar ereosote 03 1b/ton.
Tailing.,..] 525 52.2f 0-76f 9-94] 3.97} 51.90 To float zine, CuSQO4 1 1b/ton, water-

aas tar 0+2 Ib/ton. Not dewatored
botween,

Pb. cong,.. .| 43-0 | 7.3Gf 51-80 8-85| 48-0| 7-3]1000 grms. —30-mesh ore ground 30
Pb. mids 83-20] 10-30( 1410 4.38] 13.1f 8.6/ mins. in ball mill with -2 gr. Z cake,
Zn. con 10-50{ 35-30 28-60f 96-5 | 26+6] 79-5| 5 Ib/ton lime and 2 1b/ton Selccto.
Zn, mi 4.02) 4.03| 4.80] 4.92| 4-6| 4-1] TFloated for lead in Ruth machine.
Tailing..... 1.96) 1-48| 8.3 6:65| 7.7 5.5 Lead did not float well so NasS

was added—camo up but brought
some iron with it. Dewatered lead
tails and floated zinc adding 5 1b/ton
sodn_ash, 1 Ib/ton CuSOi using
No. 34 gravity fuel oil.
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creeN Test or Frorarion FEep

Heads —30 mesh ground 30 minutes in ball mill, washed on 200-mesh screen, oversize run o
Ro-tap for 10 minutes:— .

: Per cent Per cent
Mesh Grammes. weight cum,
1 01 01
5 05 0-6
59 59 6-5
035 935 100-0

Report No. 188

FLOTATION TESTS ON COPPER MOUNTAIN ORE, COPPER MOUNTAIN, B.C.
R. K. Carnochan

Shipment.—A bag of ore, gross weight 89 pounds, was received July
18, 1922, at the Ore Dressing and Metallurgical Laboratories, from the
Canada Copper Corporation, Allenby, B.C.

Purpose of experimental tests.—Test work was carried out on this ore
to determine the results that would be obtained by different methods of
treatment and to study the effect of different oil mixtures when used in
the flotation of the ore. <

Characteristics of the ore—The ore is chalcopyrite and bornite dis-
seminated through granite-diorite. There are also present small amounts
of hematite, magnetite, and pyrite. .

Sampling and analysis—The lot of ore was crushed to —20 mesh
and a sample for analysis was cut out and crushed to 100 mesh. This
sample was found to contain :—

() 1 S I 0+01 oz. per ton
S5 "3 R I 026 “
(670797113 S et aeaieas 215 per cent
oS 345 ¢

' EXPERIMENTAL TESTS
Test No. 3.—A lot of 1000 grammes of ore, —20 mesh, was ground with
3 grammes of lime in a small ball mill for 30 minutes. The ground ore was
then floated in a small Ruth flobation machine with five drops T'T mixture.
The first concentrate was re-run to clean it.

Analysis Percontage of values
Product Weig}slt Au. Ag, Cu.
grms. |, “per | oz. per per Au. Ag. Cu.
ton ton cent
Coneentrate....ooveveneneviniaeiins . 0-10 3-77 | 32+7 59-7 911 718
Middling............ .. . 0-04 0-22 323 40-3 89 11-9
Tailing....ovvvrererineeiiiaianenns . tr. tr. 0.8 1. ......eenns 165

A screen test on the flotation tailing gave:—

- gg—l—lgg m‘?sh .................................................. 1(% (i per cent
:100¢150 i e
—1504-200 “ ....... I 177 0«

—200 e e i e e e 587 «
83369--2% .
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Test No. 11.—A lot of 1000 grammes of ore, —20 mesh, was ground in
a small ball mill for 30 minutes with 0-3 c.c. of heavy hardwood creosote
and 0-2 c.c. of a mixture of 40 per cent coal tar and 60 per cent coal tar
creosote. The ground ore was then floated in a small Ruth flotation
machine, the first concentrate being re-run to clean it.

Analysis Percentage of values
Weight
Product Au, Ag. Cu.
grms. | o, por | oz, per| per Au. Ag. Cu.
ton ton cent
Concentrate..covveveviererieneninenss 57+6 0-15 3271 23:56 52-8 84-9 72+1
Middlng vuvererereeiiiennaeansrnae 1289 0-06 0-26 1-60 472 15+1 10-9
B 7 8194 tr, tr, 0:39 [..ov.n L N 17-0

Test No. 12.—A lot of 1000 grammes of ore was ground in a small
ball mill for 30 minutes with 12 drops of water-gas tar. The ground ore
was then floated with 3 drops of crude pine oil in & small Ruth machine,
the first concentrate being re-run to clean it.

. Analysis | Percentage
Product W?ﬁgt Cu. of values
grms. per cent Cu.
Concentrate....oevesiesriaeririiienaiiiiia, 32+8 33-82 581
MIAdlng. . vvvnriserenenrnserirnrvsrsrasrasssionsnnsssanians 835 4455 19-9
TAIHDE. . aarereseneneneesaosnsnresarssortosioresassonsasnan 883-2 0:475 22:0

Conclusions from tests Nos. 8, 11, and 12.—In all of these three tests .
the concentrates are very good, but the tailings are all too high. This
results in a low recovery of the copper. The screen test on the flotation
tailing from test No. 3 shows that only 58-7 per cent of the tailing passes
thr ough 200 mesh, and that there is 0-6 per cent of the tailing 465 mesh.
As the same amount of grinding was given to the ore used in all three tests,
the tailings from tests Nos. 11 and 12 will be just as coarse as that of test
No. 3. It was decided to make tests in which the ore would be ground
finer, to determine whether this would improve the tailings.

Test No. 20.—A lot of 1000 grammes of ore, —200 mesh, was ground
in a small ball mill for 30 minutes with 3 grammes of lime. The ground
charge was then floated in a small Ruth machine with 8 drops TT mixture.
The first concentrate was re-run to clean it. :

.y Analysis | Percentago
Produet Wrellg'gt Cu, of values
. grms. per cent Cu,
CORCEITAEE. vy erver e veverrnaansrraansaraseesss e 112+5 14-10 817
B T OO 241+4 0-67 84
B TS ) 643-9 0:30 9-9
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Test No. 21.—A lot of 1000 grammes of ore, —200 mesh, was ground
for 30 minutes in a small ball mill with 0.5 ¢-e. heavy hardwood creosote
and 0-3 c.c. of a mixture of 40 per cent coal tar and 60 per cent coal tar
creosote. The ground ore was floated in a small Ruth machine, the first
concentrate being re-run to clean it.

. : Analysis | Percontage
Product Wellﬁlslt Cu. of values
grms, per cent Cu.
(870311 17 Y - PPN 186 9-00 857
MiIddlng. eureereviriernrreenerneenroeesnirnsesnerneeranes 291:5 0-50 75
151, DS 6275 0-25 6-8

Test No. 23.—A lot of 1000 grammes of ore, —200 mesh, was ground
in a small ball mill for 30 minutes with 5 grammes of lime and 10 drops of
Barretts No. 634. The ground charge was floated in a small Ruth
machine with 3 drops aldol. The first concentrate was re-run to clean it.

. Analysis | Percentage
Product W?g’;’gt Cu. of values
grms. per cent Cu.
CONCENETAEB. v e e e erreerrneeeneeunernnereniseesrsennnses 146-1 10-78 83:2
Middling,....... N e s s e e e i s raans 195-2 0-71 73
1 1 6630 0-27 95

Conclusions from tests Nos. 20, 21, and 28.—The recoveries in these
three tests are better than in tests Nos. 3, 11, and 12, but the grade of
concentrates are poorer. The tailings are lower, but not as low as one
might expect from grinding all to pass 200 mesh. It was thought that dry
grinding all to pass 200 mesh and then grinding wet in the small ball mill
might not be as good as all wet grinding. To determine whether this was
true, it was decided to run a test in which the ore would be ground as in
tests Nos. 3, 11, and 12, to make a screen test on the tailing, and to run
each size from the screen test for copper.

Test No. 24.—A lot of 1000 grammes of ore, —20 mesh, was ground in
a small ball mill for 30 minutes, and then floated in a small Ruth flotation
nllachine with 8 drops of TT mixture, the concentrate being re-run to
clean it.

s Analysis | Percentage
Product ngflgt Cu, of values
grms. per cent Cu.
Coneentrate. sveereivviriineernneiieieiiinnirieriinniene, 61-9 25-50 79+4
Middlng.oovierivinerinnneieinnann. feeveeeiiie i reeens 1254 1-62 96
TaIDE saeveseineeririetareetnssnnernnneeesnoesuineennnes 813+4 0-27 11-0
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A screen test on the tailing and analysis for copper on the dlftelent
sizes from the screen test gave:—

\ : Per cent; Per cent;
Mesh weight copper
— 48-- 65 0-8 0-85
— 65--100 10-7 0-62
—100-}-150 156 0-46
—150--200 15-0 0-34
—200 57:9 0-17

Conclusions from test No. 24—This test seems to show that wet
grinding to 200 mesh is better than dry grinding, as the —200 from the
screen test runs 0-17 per cent copper, which is much lower than the tailings
made in any of the tests, when the ore was all ground dry to —200 and
then ground wet for 30 minutes in a ball mill. It was decided to make
tests in which the ore would be ground wet, all to pass 200 mesh.

Test No. 25.—A lot of 1000 grammes of ore, —20 mesh, was ground
wet for one hour in a small ball mill, The ground ore was screened wet on
200 mesh. The oversize was put back into the mill and ground for another
hour. The ore from the mill was screened on- 200 mesh, and the oversize
was put back into the mill and ground for the third hour, at the end of
which time it was all fine enough to pass the 200-mesh screen.. The ground
ore was partly dewatered by means of a suction filter and floated with 8§
drops TT mixture in a small Ruth machine, the first concentrate being
re-run to clean it.

. . Analysis | Percentage
Product W?;!%‘lslt Cu. of values
& . per cend Cu.
Concentrate 54+7 31-10 83-0
Middlin, . 134+1 1-37 90
Tallm" ...... cene 818+2 0-20 80

Test No. 26.—A lot of 1000 grammes of ore, —20 mesh, was ground
wet, all to pass 200 mesh in a manner similar to that descnbed under test
No. 25. The ground ore was partly dewatered by means of a suction ﬁltel,
put in a small Ruth flotation machine, and 3 grammes of lime mixed in.
The ore was then floated with 8 drops of T'T mixture, the first concentrate
being re-run to clean it.

- Analysis | Percentage
Product We;g?t per cent of values
) grms. Cu. Cu.
Concentrate........oooiiiiii 65+0 206-40 865
B e Lo Y3 1587 088 7-0
RS ERITRTPTIRTPTP P 756+0 0-17 65
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Conclusions from tests Nos. 26 and 26.—Both these tests gave high-
grade concentrates, low tailings, and good recoveries. If these tests are
compared with tests Nos. 20, 21, and 23, it will be seen that tests Nos.
25 and 26 are much better than tests Nos. 20, 21, and 23. This shows that
to prepare the ore for flotation wet grinding all to pass 200 mesh is much
better than dry grinding to the same size.

GENERAL CONCLUSIONS

1. The ore can be successfully treated by flotation. About 90 per
cent of the copper value of the ore could be recovered in a concentrate
running about 26 per cent copper.

2. The ore would have to be ground wet to nearly all pass 200
mesh in order fo secure a low tailing and a high recovery.

3. Any of the oil mixtures or reagents used in the tests given in this
report would give good results on ore ground to nearly all pass 200
mesh, but of all the different oil mixtures or reagents used TT gave the
best results.

4. The gold and silver values in the sample submitted are very low,
and for this reason little work was done to determine how much of the gold
and silver might be recovered by flotation. However, from the small
amount of work done in this connexion, it would seem that the gold and
silver are associated with the sulphide minerals, and when the ore is floated,
the greater part of these values report with the copper minerals in the
concentrate.

Report No. 190

CONCENTRATION OI" A COPPER GOLD ORE FROM SURF INLET, B.C.
R. K. Carnochan

Shipment.—A. sample of ore, gross weight 150 pounds, was received
at the Ore Dressing and Metallurgical Laboratories on July 24, 1922,
from the Belmont Surf Inlet Mines, Surf Inlet, B.C.

Purpose of experimental tests.—Test work was carried out on this
ore to determine the results that would be obtained by different methods
of treatment, and to study the effect of different oil mixtures when used
in the flotation of the ore.

Characteristics of the ore—The ore is white quartz with pyrite and
chalcopyrite. No free gold or silver are visible to the eye. :

Sampling and analysis.—The whole sample of ore received was
crushed to one-fourth inch. A portion was cut from the main lot by means
of a riffle sampler and ground to —20 mesh. A sample for analysis was
cut from the —20-mesh material and ground to —100 mesh. This sample
upon analysis showed the ore to contain:—

[ o) 1 N 0-81 oz, per ton
1 ) N 0:23 “

(8703 111 S 0425 per cent
513 574 ¢

ExpERIMENTAL TEsTS
Flotation

Test No. 1.—1000 grammes of ore, —20 mesh, were ground in a small
ball mill for half an hour with one pound of coal tar and coal tar creosote
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per ton. The ground ore was then run in a small Ruth flotation machine
making a concentrate and a tailing. The concentrate was re-run in the
same machine making a concentrate and a middling.

Analysis Per cent of values
Weight
Product Au, Ag. Cu.
Erms. | oz, per | oz. per | per Au, Ag, Cu.
ton ton cent
56 620 1-48 4:53 59-1| 49+6 58+9
61 2-46 094 1-62 256 34-3 230
897 0-10 0-03 0-087) 153 161 181

A screen test on the flotation tailings from test No. 1 gave the follow-

ing:—
] 0-1 per cent
— 654100.....0000.0e 10
B L1102 o ) S 80 “
~—1504200......... e eeeieie e 267 «
=200, caeiiieenseriernitiriecniinieans 642 «

Test No. 2—~1000 grammes of ore, —20 mesh, were ground in a small
ball mill for half an hour with 8 grammes of lime. The ground ore was
then floated in a small Ruth machine with 5 drops of General Engineering
Co.s TT mixture. The concentrate produced was re-run to clean it.

Analysis Per cent of values
Product W;llglls)t Au, Ag. Cu.
ErmS. | oy per | oz. per | per Au. Ag. Cu.
ton ton cent
Concentrate..coveveeireannns vivenene] 1405 2255 417 | 2062 62-1 407 724
MidAhng...overanenrssaoarinseenains 496 3-08 1:40 1-73 290 466 20-8
Tailing,...... Cearervaasaianns PPN 944-2 0-05 0-02 0:03 8+9 12'_7 68

A screen test on the flotation tailings from test No. 2 gave:—

— 484 65......
- 05-4-100. .
—1004-150.......

—~150--200..........
—200......00.

Summary of Flotation Tests

1. Flotation gives very good concentrates but poor recoveries.
2. The TT mixture gave better results than coal tar and coal tar
creosote in the above tests.

Tabling and Flotation Tests.

Test No. 8—Procedure:—A portion of the ore, 1200 grammes, was

crushed to pass a 40-mesh screen and screened on 80 mesh. This gave:—
40480 .eerrrrirenee, 442 grammes
._80+ 758 er &
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Each of the sizes was tabled separately on a small Wilfley table making
a concentrate and tailing. The two concentrates were combined. The two-
tailings were also combined and'then ground for 20 minutes in a small ball
mill with 3 grammes of lime. After grinding, the tailings were floated in a
small Ruth machine with 5 drops of TT mixture. The first concentrate
was re-run to clean it. .

Analysis Per cent of values
Product W?;Eélt Au. Ag. Cu.
ETM8. | oz. per | oz. per | per Au, Ag. Cu.
ton ton cent
Table concentrate.... 135-8 1-37 0-32 2:24 37-7 671
Flotation concentrate 36| 8723 5-12 | 21-06 417 16-8
“ middling 31-8 2:56 0-48 2:00 164 13-9
“ tailing... 016-4 0-02 | trace 0-01 37 |. 2+0
7 112-6 0-02 | trace 0-01 06 02

ing:—

Lo . 1 5 T 0-8 per cent
Lo 1 w11 AN 4-4
=200180. 00ttt r et e it bbbt baeraans 12:0
150200 50 s et e et er e aaras 1.2 «
L1111 S N 71-6 ¢

Test No. 4.—Procedure:—A sample of 1200 grammes of ore was
crushed to —40 mesh and screened on 80 mesh:—

Lo L1 1 N 463 grammes
737 “

. Each of the sizes was tabled separately on a small Wilfley table,
making a concentrate and a tailing. The two concentrates were combined.
The two tailings were combined and ground for 20 minutes with 0-6 c.c.
of heavy hardwood creosote and 0-4 c.c. of a mixture of 40 per cent coal
tar and 60 per cent coal tar creosote. The ground tailing was then floated
in & small Ruth machine. The first concentrate was re-run to clean it.

Analysis Per cent of values
Produet Wf;gst Au. Ag, Cu.
Brms. | . per | oz, per | per Au, Ag, Cu.
ton ton cent
Table concentrate.........oovuvvusns. 107-2 3-18 1-32 24566 53-8 50-5 61-2
Flotation concentra .. 69-6 4-00 1-60 2-18 44-0 39-8 33+9
“ mlddlmg 129-3 0-11 0-21 0-07 22 9-7 2+0
“ tailing. . 8205 | trace | trace 0-015)........ ceeunnn, (2];

T088ssennenrnnnensnennnninnnviiinnin| 73:4 | trace | trace 0:015}....ccvi]iunnenn.

Test No. 5—Procedure:—A sample of 1200 grammes of ore was ground
to —40 mesh and screened on 80 mesh. This gave:—

Lo L TR AP 470 grammes
80 730 “
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Each of the above sizes was tabled on a small Wilfley table, making
a concentrate and a tailing in each case. The two concentrates were com-
bined. The two tailings were combined and ground in a small ball mill
for 20 minutes with 12 drops of water-gas tar. The ground tailings were
floated with 6 drops of crude pine oil in a small Ruth machine. The first
concentrate was re-run to clean it.

Analysis Per cent of values
Weight -
Product grms, | Au. Ag. Cu.
: ) oz, per | oz. per [ per Au. Ag. Cu.

- ton ton cent
Table concentrate.....covvvnvninn.. 115 270 1-52 2:48 52:0 65-0 63+6
Tlotation coneentrate............... 85 23-00 6-00 | 10-74 32-4 19-0 20+3
« middling.,.ocveieiinnnn.. 432 2:10 1-00 1-29 15:0 16-0 12+5
« tailing. oo viie i 972:2 | trace | trace [1E11)10:¢ P P 3+4
Loss..v.ens. PN 61-1 | trace | trace [VRVIE: RN PO T 02

SUMMARY OF TABLING AND bFLOTATION

1. Tabling and flotation gave very good concentrates and very good
recoveries. In test No. 4, which seems the best test made on the ore, the
combined table and flotation concentrates assayed 3-56 oz per ton gold,
1-43 oz. per ton silver, and 2-41 per cent copper. The recoveries in this
test were: gold 978 per cent, silver 90-3 per cent and copper 95- 1 per cent.
These figures do not include any of the values in the middling product.

" 2. The various oils used in the above tests gave good results. TT
mixture seems to have a better selective action for the copper, giving a
higher grade concentrate. Ileavy hardwood creosote, coal tar and coal
tar creosote gave the highest recoveries, but with a much lower grade of
concentrate.

SUMMARY OF EXPERIMENTAL TESTS

Tabling and flotation give much better results on the ore than flotation

alone. ‘
Conclusions.—The ore can be successfully treated by tabling and
flotation. This method of treatment gives a very high recovery of the
gold, silver and copper, and a high-grade concentrate. It is a difficult
matter to determine from the small scale tests which reagents are the
more cconomical to use for flotation. This point can only be definitely
determined by plant operations over a period of time. It is also governed
to a large extent by local and market conditions.

No tests were made, by flotation and table concentration, of the
flotation tailing. This method should give equally as good results as
tabling followed by flotation, and it would simplify plant operations to
" a considerable extent.

Report No. 191

GOLD ORE FROM CRANBERRY HEAD, NOVA SCOTIA (SHIPMENT No. 1)
C. S. Parsons ’

‘A shipment of gold ore was received February, 1923, from Mr. S. F.
Johnson, 570 Columbus ave., Boston. The sample consisted of 280 pounds
of ore, and was taken from a property located at Cranberry head, Yar-
mouth county, Nova Scotia.
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Character of the ore—The ore carries free gold in a quartz gangue and
is associated with a small amount of arsenical pyrites, galena, and chalco-
pyrite. The values in the ore are very spotty. Nuggets of free gold are
plainly visible in the quartz, and their size ranges from a maximum of 0-0328
inch in diameter to 0-0029 inch, and smaller, the greater portion being
about 0-0082 inch. The grains of gold are very dense and show no
porosity, their surface being smooth and the edges rounded. When the
gold is broken free from the quartz a thin film of gold seems to remain
attached to the surface of the quartz. The sample contained no wall rock.

Object of experimental work.—Tests were performed on the sample in
order to obtain data for determining the best metallurgical treatment of
the ore. The sample received is supposed to be a representative sample
of the ore deposit.

OrE DRESSING AND METALLURGICAL TESTS

Sampling.—Great care had to be exercised when sampling the ore
owing to the spotty distribution of the gold.

Head sample—The assays of a number of carefully taken samples
gave, gold 0-72 oz. per ton as the assay of this shipment.

Amalgamation and table tests—These tests were run before the diffi-
culty of sampling the ore was recognized. This accounts for the head
samples of the ore used in the following tests containing less gold than the -
original sample from which they were cut.

Procedure of tests—TFour lots of ore were cut out from the shipment,
and crushed respectively to 24, 30, 35, and 40 mesh. Each lot was amal-
gamated in a mercury-coated copper pan by panning. The tailing, from
 each after amalgamation, was tabled. These tests are numbered one to
four, and are given in detail below.

Test No. 2

The ore was crushed through 80 mesh. A screen test of the amal-
gamation feed is given in table No. I*. The head sample assayed 0-57 oz.
per ton. The recovery by amalgamation was 70 per cent. The amal-
%a;nation tailing was tabled, and the results are tabulated in table No. II

elow.

TABLE I
Weight Analysis Per cent
Product ] As of gold
Grammes| Por cent | Au. 0z. values

per cent

29| o7 1s2| 1078| 44
T8} 660

93 225 0:62 |..ovenun
3,870 93-00 0-08 |Levvinvnnn 440
168 4-05
Totalseovrvviiviiiiiniiiiennnnn. 4,160 100 0-18 [..vvvuvin 100
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RECAPITULATION
Recovery of gold by amalgamation..... Chereseriasrreesererenae 70- 0 per, cent
Recovery of gold by tabling, in table concentrate Cerieirreenes 16-4
Recovery of gold by amalgamation and in table concentrate. ... 86-7 “
Pounds table concentrate made from one ton of oro..... [, 140 pounds
Value of gold in one ton of table concentrate.............. ereeae $§230.40
Value of gold remaining in tailing, per tol.vvvviv i iieerariraenas 1-60

Test No. 8

The ore was crushed through 35 mesh. A screen test of the feed is
given in table No. I. Head sample assayed 0-75 oz. per ton. The recovery
by amalgamation was 70-5 per cent. The tailing from the amalgamation
was tabled. The results are given below in table No. ITI. A screen analysis
of the table tailing was made and is given in table No. IV.

TABLE IiI
Weight Analysis Por cont
Produoct As. of gold
,Grammes| Per cent | Au. oz. per cent values
Concentrate...oiveveiresrrrsiarervanennns 31 0:74 1262 16-6 45-7} 51-8
Middling. coveivererariorosrnseeanssnsanes 139 330 037 leeavsennes 61
Tailing.seererneserssencsnnrerssesarirsees 3,764 | . 90-40 011 |eivvneness]| 4822
T N 233 5-60 :
B e 7Y RN 4,167 100-0 0:22 |.ieeinens.] 100:0
RECAPITULATION

Recovery of gold by amalgamation... reseieeeees 705 por cent
Recovery of gold in table concentrate. . Ceerveenien 13-4«
Recovery of gold by amalgamation and in tablo concentrate. ... 83.9 «

Pounds table concentrate from one ton of ore 14-8 pounds
Value of gold in one ton table concentrate. . . $262.40
Value of gold remaining in tailing, per ton..... ereseeiiniearanee 2:20
‘TABLE IV
Weight Per cent |Per c;ant of
Mesh A%Sﬁy content | gold total

Grammes | Per cent & of gold |in table feed
35448, i iiiiiia e rieiiiierees 187 187 0-15 24-6 12:0
~48--65...00000 . 224 224 0-12 23+5 11-6
~65+100........ 155 15-5 0-08 10-8. 53
~1004-150....... 79 79 0-07 4.8 - 2.3
~150--200....... . . 137 13-7 0-08 95 4.5
=200 ciiiiiiiiiincnns 218 218 0:14 26-7 13-2
Totalisisveversrnearenrss 1,000 100-0 0.12 100-0 48.2

Screen test on table tailing, fest No. 3.—This screen analysis shows that
the gold in the coarse sizes was not freed by crushing. The --65-mesh
sizes contain 48- 1 per cent of the gold remaining in the tailing and the —200-
mesh product 26-7 per cent. It is very evident that finer crushing is
necessary to free the gold.
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Test No. 4

The ore was crushed through 40 mesh. A screen test of the feed is
given in table No. I. The head sample assayed 0-57 oz. per ton. The
recovery by amalgamation was 65 per cent. The tailing from the amal-
gamation was tabled. The results are given below in table No. V.

TABLE V
Weight Analysis Por cent
Product As of gold
Grammes| Per cent | Au. oz. per cent values
Coneentrate....oovuvvernreuereieenranneas 26 0.6 14.26 2085 454
Midding. . oooiniineriieineniienneennenn, 66 1.6 0:64 {....ueeen. 5+2
Tailing.,vveesineieieerernnennrsnseroeen, 3,840 022 0-105).000u.un, 49.4
LosS.oiniiniiiias P 235 56
A N 4,167 100-0 0:2 lieviininns 100-0
- RECAPYTULATION
Recovery of gold by amalgamation......vvsveirerrrreenreseonss 65:0 per cent
Recovery of gold in table concentrate.....ooovvverreoans Cereees 15.7 “
Recovery of gold by amalgamation and in table concentrate.... 807 “
Pounds table concentrate made from one ton of or€...veesee.e... 12:0 pounds
Value of gold in one ton of table concentrate. v..ovveusrvenernsss $285-20
Value of gold remaining in tailing, Per 60N, ..vvevsvsverrreneenass 2:20
Test No. 9

A flotation test was made on the amalgamation tailing from test
No. 4, which is —40-mesh material. The tailing without further grinding
was mixed with the reagents and floated. The results are given In table
No. VI. Head sample of flotation feed 0-20 oz. per ton.

TABLE VI
Weight Gold
Product Assay Remarks
Grammes| Per cent ozt.ollller P%ﬁ%‘égd
Coneentrate,.o.veveens. 73 7.3 1-66 59:2 |Reagents used—coal tar and
M5 151 S 929 92.7 0:09 40.8 [ coal tar creosote, and pine
oil. Amount 1 1b. per ton.
Totaliveuusans, 1,002 100.0 0205 100-0

A screen test was made on the flotation tailing to determine the
distribution of the gold remaining. The results are given below in table
No. VII. The gold was found to be fairly evenly divided between all the
sizes. It is evident that finer crushing is necessary to free the gold.
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TABLE VIL
ScrEEN ANALYSIS FrorarioN TaALiNG
Weight Gold Per cent
Mesh o of total
Grammes | Percent | 0% Pe¥ ton gold
96.7 - 14.1 013 22:5
1712 251 0-07 21-4
202-5 206 0:06 21-8
213-0 31.2 0:09 34-3
683-4 100:0 0-082 100-0
Test No. 12

This test was made to determine the maximum percentage of gold
recoverable by amalgamation when the ore was crushed to pass a 35-mesh
Tyler standard screen. :

Procedure.—2000 grammes of ore was crushed through 35 mesh and
amalgamated in a jar. The pulp dilution used was 1 part of ore to 1 part
water. 20 grammes or 1-0 per cent mercury was added. A handful of
pebbles was thrown into the jar in order to keep the pulp from sticking to
the sides. The addition of the pebbles caused some of the ore to be ground
finer. After agitation for 3 hours, the mercury was separated from the
tailing by panning. ' ' :

TABLE VIII
ScrEEN TEST OF SAMPLE BEFORE AMALGAMATION
Weight Gold ) Alcclpnu—
Mesh’ ative
§ Oz. per Per cent per cont,
Gmmmes Per cent ton of total Au, -
231 231 0-80 25+5 255
- 168 16-8 0-80 18+5 44.0
156 15:6 0.87 18-7 62-7
94 9.4 0-97 12:6 753
104 10-4 0-84 121 87-4
247 24.7 0-37 12:6 100-0
1,000 100.0 0-725 100-0
TABLE IX
Screen Test oN TAMING AFTER AMALGAMATION
) Weight Gold Alecqmu-
Mesh . | ative
Grammes | Percent | OZPor | Per sonp | Pepoent
158-0 15-8 0-14 18-2 18-2
201-0 20-1 0:13 21-5 39-7
167-0 16-7 0-12 16-4 561
92.5 9.2 0-11 8.4 64-5
112-5 11-2 0-10 9-3 738
265-5 265 012 26-2 100-0
35 0-3 -
Totaloooernrniaiiieen 1,000-0 100-0 0-12 100-0
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TABLE X
GoLp AMALGAMATED

Per cent
of gold
Mesh amalgamated
from
each size

Explanation of the abovetables.—Table No. VILIis a screen analysis of the
ore before amalgamation, and gives the distribution of the gold values in
the different sizes. T'or example: the figures in the first eolumn, headed
mesh, means the material passing through 35 mesh and remaining on 48
mesh. Column 2, headed weight grammes, gives the quantity of, say,
—35-+48 material in the sample. Column 3, under weight, is that quan-
tity expressed in per cent of the total weight of the sample. Column 4,
under gold, is the assay of that portion of the sample, say, passing through
35 mesh and remaining on 48 mesh, and is given in ounces per ton. Column
5 is that quantity of gold expressed in per cent of the total gold contained
in the sample. Column 6, called accumulative per cent, is obtained by
adding the figures obtained in column five.

Table No. IX is similar to table No. VIII.

Table No. X gives the amount of gold amalgamated from each size.

SuMMARY
Head sample assayed.. .. vveeeeriernineersenriiieeerrennsinees 0+73 oz. per ton
Amount of gold recovered by amalgamation................. oo 0460 “
Amount of gold lost in tailing..........ovieiereriverernenernrnns 0-13 “
Recovery by amalgamation., .o veevruvereensrunernreeesnnens 832 per cent

Discussion of above results.—Referring to and comparing the screen
analyses on the amalgamation heads and tailing, it will be observed that
the addition of the pebbles to jar produced a grinding action that reduced
the quantity of material on the 48 and 65-mesh screen. This material
caused a larger amount of gold to be amalgamated from these sizes than
would otherwise have been the case. The figures for the quantity of gold
which should actually amalgamate from the coarser sizes are therefore
too high.

Test No. 18 -

AMALGAMATION AND CYANIDE TEST

This test was made with two objects in view. Tirst, to determine the
percentage of gold which would be recovered by a combined method of
amalgamation and cyanidation from each respective size of a sample of
the ore that had been sized on a series of screens given in table No. XI.
Second, to obtain a comparison of the ratio of dissolution of the coarse
gold in the 35, 48, and 65-mesh sizes with that of the fine gold on the 100,
150, and 200-mesh screens.
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Procedure.—A 30-pound sample of ore was taken for the test and sized
on the following screens, the weights being given in grammes (Table XTI).

TABLE XI
Woeight Assays Per cont Accumu-
Mesh ' : Gold Arsenic of total plez;tgit
Grammes | Per cont oz, per ton | per cent gold total gold -
— 28+ 35..iiiiannn 1,468 14.30 0-90 0-16 19.7 19.7 -
— 35+ 48.........., 1,933 18-80 0-75 0-19 19-0 387
— 484 65.civniinnnn -1,620 15:70 0:90 0:22 19-1 57-8
— 664100.......... -1,290 12:50 0-87 0-25 147 725
—~1004+150........e 806 7-80 0-87 0.18 9.2 81.7
=150+200.....0000. 908 8:80 078 0-16 9.3 91-0
=200, 00eiiirranniens 2,277 22:10 0:30 0-22 9.0 100:0
Total........ 10,302 100-00 0-74 022 100-0

Sampling.—It is extremely difficult to obtain correct samples of this
ore, due to the spotty nature of the values, and to the coarse size of the
gold particles. .

Half of each of the above sizes down to the 100-mesh size had to be
used as a sample to assay. Theoretically this amount is not sufficient,
but in this case satisfactory checks were obtained.

Amalgamation tests—The amount remaining after the samples were
taken was used for the amalgamation tests. Iiach size was separately
amalgamated in a revolving jar, a pulp of 1:1 being used, and with an

. amount of mercury equal in weight to 1 per cent of the ore in the charge.
The contents of the jar were revolved for 2 hours, After amalgamation,
the mercury was removed and dissolved in acid to recover the gold. The
tailing was sampled and assayed for gold. The weight of gold obtained
from the mercury plus the gold remaining in the tailing after amalgama-
tion checked up very closely with assays obtained on the head sample of
each of the sizes shown in table No. X. A recapitulation of these results
is shown in table No. XII.

Discussion of results from amalgamation.—The tailings from the amal-
gamation of --200-mesh sizes were examined very carefully under the
microscope. The gold remaining in the tailing was observed to be either
attached to or enclosed in the sulphide and quartz particles. The amalgam-
ation efficiency was practically 100 per cent on the free gold. In order to
recover the remaining gold it would be necessary to crush each size finer.
The curve shown in Fig. 1 shows very clearly that the recovery by amalgam-
ation gradually increases as the sizes become smaller, until a maximum ig

- reached at 150 and 200 mesh.

Referring to table No. X1, it will be observed that 57 -8 per cent of the
gold is in the sizes remaining on 65 mesh (that is coarser than 65 mesh)
and that only 76-24 per cent of this gold is recoverable by amalgamation.
In order to recover the remaining gold, this material would have to ‘be
re-crushed. :

Cyanide tests—Cyanide tests were made on the amalgamation” tall—
ing from each size. The object of these tests was to obtain a comparison
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of the rate of dissolution of the coarse and fine gold, and the maximum
extraction of the gold in each gize. A 0-20 per cent cyanide (KCN) solu-
tion was chosen for the test. The amount of lime used was equivalent
to five pounds per ton of ore, and the ratio of solution was 3:1. These
conditions were kept constant in all tests, the time of treatment being the
only factor varied.

Tesr No. 13,
Cranberry Head gold ore ) S. F. Joanson, Boston.

Fig. 1. Curve showing recovery by amalgamation on each size

The manner in which these tests were conducted was as follows:
The amalgamation tailing from each screen product was divided equally
into four lots. A lot from each size was given 1, 2, 4 and 5-days’ treatment
respectively. The third day period was skipped in every size, the reason
being that it was desired fo treat one sample for 5 days and there was
only sufficient material on each size to make up four charges.

The results of the above tests are given in table No. XIV, and a series
of curves from these figures plotted in Fig. 2. Table No. XIII gives the
cyanide and alkali consumption for each test.

Discussion of cyanide resulfs.—Referring to Fig. 2, it will be seen that
in the —35-+48-mesh material the rate of dissolution of the gold is rapid
during the first 48 hours. At the end of the second day, the curve flattens
out and very little increase in the exfraction is obtained during the next
48 hours, and it is evident that this size material might be treated for an
indefinite period without any appreciable increase in the extraction. It is

83369—3
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also evident that it would hardly be economical to carry the treatment
beyond 72 hours. Careful examination of the amalgamation tailing from

Cranberry Head gold ore.
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Fig. 2. Rate of dissolution of the gold in the d'ifferent gized soreen
' products obtained in equal intervals of time

this size, which constitutes the heads for the cyanide test, shows that no
freed particles of gold were left unamalgamated in. the tailing, but very
thin coatings of gold could be seen on the surface of some of the quartz
grains. The rapid extraction during the first 48 hours was, therefore, due.
to the dissolution of this gold. The flattening out of the curve in Fig. 2
is due to the inability of the cyanide to attack the gold still locked up
in the quartz grains. o
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« ' 'What has been said about the —385-4-48-mesh material applies to the
—48-4-65 mesh, and to some extent to the +100-mesh material, but in
both cases more gold is dissolved due to more surfaces being exposed by
the reduction in size of the quartz grains.

In the —1004-150 and -200-mesh sizes, all the gold freed from the
quartz graing was amalgamated, the remaining gold left for recovery by
cyaniding being either attached to the surface of the quartz grains or
entirely embedded in them. The condition of the gold in —200-mesh
product after amalgamation was not determined. The rate of dissolution
of the gold was very rapid, and a maximum extraction was reached in the
first 24 hours.

SUMMARY OF AMALGAMATION AND CYANIDE TREATMENT

1. By stamp milling the ore to 28 mesh and amalgamatlon on plates,
a maximum extraction of 79-0 per cent of the gold is possible.

2. That in actual practice this result would be lower, probably about
70 per cent.

3. The fine gold does not amalgamate readily, but it is possible that
the recovery might be increased by the addition of lime to the battery.

4. That there is no difficulty in obtaining a high extraction of the gold
remaining in the amalgamation tailing by cyanidation.

5. That for maximum extraction by cyaniding, the amalgamation tail-
ing should be re-crushed to pass 65 mesh.

6. That the rate of dissolution of the gold in the coarse sizes is so slow
that it would not be practical to cyanide the gold by leaching methods.

7. That it is not necessary to contlnue cyanide treatment for a longer
period than 48 hours.

Cyanmze TEsT

Considerable detailed work was done on cyaniding this ore. A short
synopsis of the findings is given under the following headings:—

Strength of solutions.—A number of tests were run using strengths of
solutions varying from 0-05 to 0-25 per cent (KCN). The0-05 per cent
solution was found to give as high an extraction as the 0-25 per cent or
stronger solution, in the same time of treatment. The consumption of
cyanide was considerably lower with the 0-05 per cent solution. The con-
sumption on the 0-05 per cent was approximately 0-6 pounds per ton,
and with the 0-25 per cent solution 1-5 pounds per ton.

Alkalinity.—The alkalinity was found to have considerable influence
on the e¢yanide consumption. If increased above a certain amount, more
cyanide was consumed, and, if kept too low an increase in cyanide con-
sumption was obtained. A protective alkalinity of about 0-02 per cent
Ca0 should be maintained, and on the sample, 5 pounds of lime per ton
of ore was sufficient to do this.-

Time of treatment.—This depends entirely on the size to which the
ore is crushed. The results from test No. 13 and the curves given in Fig. 2
show this very clearly.
833603}
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Tests for Cyanide Consumption

Test No. 1.—To find if the ore contained water-soluble cyanicides,
1000 grammes ore was agitated for 24 hours with 600 c.c. water; 500 c.c.
filtered off, 0-625 gramme KCN added, agitated 16 hours.

KON found..icsissrenreeannverinnsresssnssessesssassssanssassnss 0-124 per cent
No water soluble cyanicide present. '

Test No. 2—To find if CaO increases the solubility of cyanicides.
Same procedure as No. 1 except that 1 gramme CaO (20 pounds per ton)
was added.

KON 0URA . s eiee it e e tiinaerenrasnenenessnnesnssarnsanes 0-124 per cent -

CaO does not increase the solubility of the cyanicides.
Test No. 3.—To find the cyanide consumption when no lime is added,

100 grammes ore agitated 24 hours with 600 c.c. cyanide solution (0- 125
per cent KCN).

KON found..cusviivaniienissriinrarniarrienirressinensisns 0-096 por cont .
KON consumed. . cvvvriniieninerneerenruisiereersennensanes 3-48 pounds per ton
Gold in tailing. .vvererneirin ittt it i aa s 0:01 ounce per ton

Test No. 4—To find if NaOH increases the solubility of cyanicides.
Same procedure ag No. 1 except that half a gramme of NaOH was added.

TKON found.vovuvi v iiniinn i eriaaerennennenenas 0-125 per cent
NaOH does not increase the solubﬂlty of the cyanicides.

Test No. 5—To find the effect of Nay0, on the cyanide consumption.
Same procedure as No. 3, except that 0-15 gramme N0, was added
(3 pounds per ton).

. XCN found....,. ' eraeee .. 0-112 per cent
KCN consumed .. 1:56 pounds per ton
Au, in tailing... 0:010 ounce per ton

Na;0, demeases the cyanide consumptlon

Cyanide Test “A”
These are preliminary tests. The ore used in the tests was the —40-
mesh amalgamation tailing from test No. 4.
Weight of ore taken, 200 grammes. Solution 600 grammes. Ratio 1:3.

Cyanide added Cyanide recovered
gramime KCN gramme
Making up added....ovvvivvreninennns 0:3 Tltmted 100 c.c. at -04 per cent KCN = 0-04
Added Istday...covivevienrnninenens 0:05 . 500 c.c. at -046 = 0-23
Total.sevinrerivevenrneneens 0-35 Total, 600 C.Covevrvrevninnnenn.. = 0:27

Consumptlon 0:35—0-27=0-08 gramme, that is 0 8 pound per ton of ore.
Average strength of solution used, 0-05 per cent XC
Lime added at start 0-5 gramme =0-060 per cent Ca0 (lime 73 per cent CaQ).
lee in solutlon at end of 18t day=0-035 per cent CaO.
2nd day=0-030 per cent CaO.
The tailing from the test assayed 0-008 oz. per ton.
The extraction was 66 per cent.
Total time of agitation was 44 hours.
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Cyanide Test **B”

The same material was used as in test “A”.

Weight of ore taken, 200 grammes. Solution used 600 grammes,
Ratio 1:3.

Cyanide added Cyanide recovered
gramme KCN gramme
Making up added..................... 0-6 |Titrated 100 c.c. at 0-038 per cent...... = +0:088
Added1stday......covvvvvninennnn. 0-08 “ 500 c.c, at 0-094 per cent...... = 0470
Totale.enerereneenneannnnnns 0-66 Total, 600 C.Cevvevernrernrrnnns " 0558

Consumption, 0-66—0-558=0-102, that is 1-02 pounds per ton of ore.
Average strength of solution, 1-0 per cent KCN.
Lime added at start 0-5 gramme, 73 per cent CaO =000 per cent CaO in solution.
Lime in solution the 1st day =0-046 per cent CaO.
(13 13 an daly =0_O43 [13 113
The tailing from the test assayed 0-07 oz. gold per ton.
The extraction was 65 per cent,
Time of agitation, 44 hours.

Cyanide Test “C”

" Weight of ore used, 200 grammes. Solution, 600 grammes. Ratio, 1: 3.

Strength of solution at start, 0-25 per cent KON,
Cyanide consumption, 1-46 pounds per ton of ore.
Alkalinity maintained at end of test, 0043 per cent CaO.
The tailing agsayed 0-07 oz. gold per ton.

The extraction was 67 per cent,

Time of agitation, 44 hours,

A screen test was made on the cyanide tailing, with the following

results:—
Screen Test on Cyanps Tamnag

Weight Gold Per cent of
Mesh o n total g(_)ld
. z. per ccum, | remaining
Grammes | Per cent ton Per cent, per cent in tailing
81 415 0-072 4.5 4.5 1-58
36-7 18-80 0-095 27-2 31.7 890
40-4 2070 0-101 317 63: 10-45
261 13+40 0-067 13-6 77-0 4.48
257 13+20 0-047 9.4 864 3:10
58-2 29-80 0-030 13-6 100-0 4.48
195-2 100-0 0-066 100-0
Test No. 14

Five samples of ore were cut out and crushed to pass 200 mesh. Head
assay contained 0-72 oz. gold.

Test No. 1 was run with a 0-25 per cent KCN solution and with an
alkalinity of 8 lbs. lime per ton.

Test No. 2 was run with a 0-10 per cent solution, and with an alkal-
inity of 8 lbs. lime per ton.

Test No. 3 was run with a 010 per ceut KXCN solution, and with an
alkalinity of 5 Ibs. lime per ton.
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Test No. 4 was run with a 0:05 per cent KCN solution, and with an
alkalinity of 8 lbs. lime per ton.

Test No. 5 was run with a 0-05 per cent KCN solution, and with an
alkalinity of 5 Ibs. lime per ton. -

The results are given in table No. XV.

The tests were run for 24 howrs each.

The same extraction was

obtained from each test, and amounted to 99-8 per cent of the gold.

It is evident that a 0-05 per cent KCN solution is as good as a 0-25
per cent KCN solution, and that if the alkalinity is increased above 5
pounds of lime per ton, the cyanide consumption is also increased.

TABLE I
Screen TEsTs
Test No. 1 - Test No. 2
_Mesh g}‘zgiﬁ'ggs »Per cent Mesh g?{l,?iigllrllgs Por cent
-+ 20 0-0 00 -+ 385 1.35 1.4
— 20+ 28 .02 - 02 — 354 48 19-00 190
— 28+ 35 24.5 24.0 — 484 65 18-20 18:2
— 35+ 48 22:3 218 — 65--100 15-60 15+8
— 48-+ 656 13.7 13-4 —1004-150 1060 10-6
-~ 65--100 107 105 —1504-200 1130 11-3
—100--150 70 6-9 ~—200 23-8 23-8
—150--200 7.4 7-3
—200 16:2 15-9
Test No. 8 Test No. 4
Mesh g‘r’gl:;.lt;n}}gs Per cent Mesh gz‘:i%gs Per cent
35 [ 1 S PO + 35 03 03
— 864 48 13-50 13.5 — 354 48 6-05 6.0
— 48+ 65 19-6 19-6 — 48+ 65 19-30 19-3
— 654100 17-25 17.2 — 65-4-100 19-40 19-4
—100-4-150 11.80 1.8 —1004-150 1250 125
~150-+-200 12:00 12:0 —150-4-200 13.70 13-7.
—200 26-05 260 —200 . 28:95 28-9
TABLE XIT .
RECAFITULATION OF AMALGAMATION RESULTS
Test No. 13.
. Amalgamation
Heads X5 _
) Produos tailing R’.Ecol‘éery
roduc : gold .
Weight | Woizht aCulcul. 'P(;,;r tcelnt Gold Peir cent per cent
rms, | per cent | 2558 0% ota) 0Z. per oss,
£ per ton gold ton gold
- 28 35 1,468 14.3 0:90 17-7 0-23 255 4.5
— 35+ 48...... vaees 1,933 18.8 0-75 195 0:20 206-7 73+3
— 484 65 ............ 1,620 15.7 0-90 19-6 0-17 189 f 81-1
— 654100, .000unnn 1,200 12-5 0-87 15:1 0-12 13-7 86-3
-—100+100....... ..... 806 7-8 0-87 g.4 0-10 11-5 88+5
—150-4200....000000es 908 8:8 0-78 9-5 0:09 11-6 88:5
=200, 0eeiinininennas 2,277 22-1 0:30 9.2 0:12 400 600
Total......... 10,302 100-0 0-72 1000 loeunnnen 21.3 787
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TABLE XIII
. Taere or KCN anp CaO Consumerion
0-25 per cent KCN solution
0-080 per cent CaO=>5 lbs/ton lime
Test No, 18
18t day 24 hours 2nd day 48 hours 4th day 96 hours 5th day 120 hours
Mesh |[KCN Lbs.Aper Ca0 |Lbs.per| KCN|Lbs.per] CaO |KCN]|Lbs.per] CaO |KCN|Lbs.per| CaO
per ton |[per cent|ton CaO| per ton |percent| per ton |per cent| per ton |perct.
cent | cons. | sol'n | cons. | cent | cons. | sol’'n | cent | cons. | sol'n | cent | coms. |sol'm
~ 35+ 48| 0.224 1-6 0-034] 1-56| 0-228 1-32]  0-042{ 0-222 1-68] 0-035| 0+226 1.44] 0-037
~ 484~ 651 0-238 0-72|  0-030 1.8 [«0.244 0-36| 0-041] 0-240 0-6 0-038
~ 654-100[ 0-234 1-0 0-030 1-8 1 0224 1-56] 0.031f 0-230 1.2 0-028| 0-226 1-44( 0-030
~1004-150| 0-226| 1-4 0-030 1.8 ] 0226 1-441  0-029] 0-228 1-32(  0-027
~1504-200] 0-226 14 0-024 221023 |........ 0-030] 0-232 1-08| 0-026] 0-220 1.80| 0-029
~200 0+230, 1-2 0-021 2:3 ] 0-212........ 0-029( 0-226, 1-44| 0-023( 0-228 1-32] 0-020
TABLE IV
Test No. 13
Hoad 1st day 24 hours 2nd day™48 hours 4th day 96 hours 5th day 120 hours
cads
Mesh assay Tailing | Extractn,| Tailing | Extractn.| Tailing | Extractn,| Tailing | Extractn.
aesay per cent assay per cent agsay | per cent assay per cent
— 284 35...... 0-23 Thiss|ize was de|st royed ’
— 35+ 48...... 0-20 0-11 45 0-06 70 0-05 75 0048 0
— 48 65 0-17 0-07 58 0-03 82.5 0-02 89
— 854100 0-12 0-05 55 0-03 76 0-01 92 0-01 92
—1004-150. . 0-10 0.02 80 0-005 05 0-005 05
—150-4-200...... 0:09 0-01 89 0-005 04 05 0-005
—=200...00000nns 0-12 0-005 95 0-005 95 95 0-005 05
TABLE XV
Test No. 1} !
At start At finish Amt, consumed
Test
Percent KCN [Percent CaO |Per cent, KCN [Percent)] CaO | KCN | CaO
No. KON |G f Ca0 Grm. I Grm.
. per a f bs.por N Ibs.per| CaO |lbs.per|lbs.poer {lbs.per
soln KCN ton soln. lime ton soln. KCN ton soln, ton ton ton
1 0-8 8 0-22 | 1.32 132 0-048 2-8 1.8 5
2 1-1 8 0-084] 0-504 5:04| 0-047 28 096/ ]
3 0-89 b 0-088{ 0-528 5-28| 0-024 1.4 0:72 36
4 1.1 8 0-036| 0-216 2-18|  0-045 27 0-84 53
5 0-69 5 0-040| 0-240] 2:4 0-17 1-0 0:60 4
Report No. 192

GOLD ORE FROM CRANBERRY HEAD, NOVA SCOTIA (SHIPMENT No. 2)
C. S. Parsons

Shipment.—A second shipment of gold ore was received May 2, 1923,
from Mr. S. F. Johnson, 570 Columbus ave., Boston, U.S.A. The ship-
ment consisted of 380 pounds and was taken from a property located at
Cranberry head, Yarmouth co., Nova Scotia.
submitted at the request of the Division as it was thought that the first
shipment was not a representative sample of the ore.

Purpose of experimenial work.—The object in conducting test work
was to determine a metallurgical treatment for the ore.

Characteristics of the ore—The ore of the second shipment as com-
pared with that of shipment No. 1, contained considerable slate from the

This second

shipment wasg
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walls of the vein. There was a larger percentage of arsenical pyrites and
the gold was more finely disseminated. The slate confained some large
crystals of arsenical pyrites.

Sampling and analysis.—Due to the spotty distribution of the gold in
the ore great care was exercised in the sampling. The entire shipment
was reduced to 10 mesh and cut in a riffle sampler to 93 pounds. This -
was further reduced to 20 mesh before cutting to 46-5 pounds. The
samples for assaying were obtained from the 46-5 pounds by stage crush-
ing and cutting until 500 grammes had been reduced to 150 mesh. The
average assay of these samples gave 0-64 oz..gold per ton. )

Eaxperimental Tests.
Test No. 14

The flow sheet as indicated by Fig. 3 was followed in this test. The
ore was crushed to 30 mesh and amalgamated. The tailing from this first
amalgamation was -re-crushed to pass 100 mesh and again amalgamated.
The tailing from the second amalgamation was passed over a Wilfley
table and a concentrate containing arsenic and other sulphides was made -
and a final tailing was sent to waste.

. OI‘é 30mest
Assay. gold 064 0z/ton
Ama/g&l?m_énb/‘
. I
. Amalgam 4 7ai)
(sold éu///'oﬂg/\ecoye'eoﬂ , Assay, g’o‘/?c;’ ;0”-3;:102 - /ton

030 az/z’on o' ore

Ball mil! gr/'/;a’/l 8§ to 100 mest

Ama/gfmazb/‘
I N
Amalgam 7zing
/d bullj ed, ;
%02 4501‘;. //{001,17 Zﬁ%g%; 7 /) . Assay,gold 7/3\5 oz, /ton
Hiltley tatle
Concentrate Toiling by aste
] . Gliing o was
Assay, go/d 1770z, /¢ A : 2.
Cono‘g <7oz‘/'_o/1 rag'f/{zz{é . 5% S0l 0025 q_z/z‘o{;

Fig,. 3. I_"low sheet used for test No. 1 A. Cranberry Head gold ore.

RECAPITULATION OF RESULTS

Assay of ore before treatment,
Tailing after first amalgamation....

0:64 oz. per ton
034 &

Tailing after second amalgamation, 0-135 “«
Tailing after tabling............0v .0 ... 0-025 “
) Concentrate from table......o.ooivviiiiiiiiiiiii i, 1.77 “
Recovery of total gold by 1st amalgamation at 30 mesh........ 47.0  per cent
“« .o« 2nd amalgamation at 100 mesh...... 32:0 “
6 “ table concentration.........vvevvnn 6.7 “

Recovery of total gold......vvuvrviniininerinnnrenenss 95.7 ¢
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The table concentrate represents 4-8 per cent by weight of the ore,
that is, for every 100 tons of ore treated, 4-8 tons of concentrate will be
obtained, assaying approximately 1-77 oz. gold per ton.

The above figures are a recapitulation of the results of the test which

is given in detail below.

A 500-gramme sample was cut out, having first been crushed to pass
30 mesh, and a screen analysis made to determine the distribution of the
gold values before amalgamation.

TABLE T
ScreeNn Anarysis Tesr No, 14

Weight Gold P ?I; ¢ enlt
of total
Mesh Grammes Per cent; oz‘.l&;i?'yton gold
8382 55-9 0-665 59:9
111-8 7.5 0:65 7-8
159-0 10-6 0-96 16-4
389-2 26-0 0:38 15-9

This material was amalgamated by placing in a jar with 1 per cent
by weight of mercury and rotating for one hour. A pulp consistency of
one part of water to one of ore was used. The mercury was separated by
panning and retorted. The amount of gold amalgamated as above stated
was found to be 47-0 per cent of the gold in the ore. The gold recovery
was 0-80 oz. per ton. The tailing was agsayed and found to contain 0-34
oz. per ton of gold. A screen analysis was made on this tailing to determine
the distribution of the gold.

TABLE II
ScrEEN ANALYSIS OF 18T AMangaMATION TATLING
Weight Gold Per cent
of total
Mesh Grammes | Per cent ozrksg?%on gold
371-8 30-0 0-43 41.0
190-3 15-5 0-38 18-7
159-8 12-9 0-32 13-0
94:5 75 0-225 54
114-5 9-2 0-235 6.9
308-5 24:9 0-19 150
. TABLE IIIL
DisTrRIBUTION OF GoLD BEFORE AND AFTER 18T AMALGAMATION
Before After
amal- amal- Gofl](:]. ofg(;oawg%red
Mesh gamation | gamation

Oz. per ton | Oz. per ton | Oz, per ton | Per cent

=~ 304100... ..ottt 0-665 0-398 0-267 40-1
=1004160.. . 00ieiei 0-650 0-225 0-425 65-4
=1504-200. ...t 0-960 0-235 0-725 75:5

=200, .. e e 0-380 0-190 0-190 50-0
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It is very evident from table No. III that the gold is not all freed in
the coarser sizes, and that in order to obtain a high recovery by amal-
gamation it will be necessary to crush the ore to 100 mesh at least. The
sample was crushed dry. Wet crushing, as will be shown later, gives much
higher recoveries of gold.

Second amalgamation.—The second step in this test was to re-crush
a portion of the first amalgamation tailing to 100 mesh and amalgamate.
This lot was crushed dry in rolls and a disk crusher. The amalgamation
was proceeded with as in the first part of the test. The tailing assayed
0-135 oz. of gold per ton. This is equivalent to a recovery of 60-3 per
cent of the gold remaining in the first amalgamation tailing.

Tabling.—The second amalgamation tailing was concentrated on a
small Wilfley table. A concentrate and tailing were made. The concen-
trate represented 4-8 per cent of the weight of the ore, and assayed 1-77
oz. per ton gold. The tailing was low in gold, assaying only 0-025 oz. per
ton, equivalent to a value of 50 cents per ton. The table recovered 78
per cent of the gold remaining in the second amalgamation tailing, A
total recovery of 95:7 per cent of the gold was made by this method of
treatment.

Test No. 1B

Purpose of test.—The purpose of this test was to determine the relative
‘merits of two methods of treatment, namely, double amalgamation fol-
lowed by tabling of second tailing as in test No. 1A, and the method

ore ~30mest
Assay, gold 0-64oz./ton
Ama/galrmaz‘o/-
' [
Amalgam Tailin
old bullion recovered, : - Assay, gold 3?34 oz. fton
@0‘3002‘//2%/7 or 0/,': 4 l ke | Z/
W/Yf/@( table
]
ConceLz‘raz‘e 7&/’//‘/555
Assay, gold 344 oz/ton Assay gold Ftfoz. fton
Concentration ratio 7:05:00 I = -]
Ball mill
8rinding to 65 mesth
MVf/@i table
4 Co/g/c%g;_az‘e /s 4 7&/7/hd 500{4"53.1% A
, 2 7.,/ forr ) .
ngcaéggz‘/‘aa raz‘/Z/-‘Zé“«B : oY 80 oz/ ”

- Fig. 4. Tlow sheet used for test No. 1 B, Cranberry Head goid ore.

described below. The flow sheet as indicgted by Fig. 4 was followed in
this test. Half of the tailing from the first amalgamation test No. 1A was
used in this test. This tailing was concentrated without further crushing,
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on a Wilfley table, and a concentrate and tailing produced. The tailing
from this first tabling was crushed wetin aball mill to pass 65 mesh, and
again tabled. A recapitulation of the results follows:—

Assay of heads before treatment................... Ceereeaiaens 0-64 oz, per ton
tailing after first amalgamation.........,... .. 0:34 “
“  concentrate from ﬁrst tabhng at 30 mesh 3-44 “
“  tailing 30 . 0-11 ¢
“  concentrate “ second ¢ 65 1.785 “«
[{4 tailing [ [ [{4 65 [{3 0‘048 [{4

The ratm of concentmtlon was 7-05 : 100 in the first tailing.
3-74 : 100 in the second tailing.

Tota.l gold in heads recovered by amalgamation at 80 mesh..... . 42-07 per cent
in st table concen’a ate at 30 mesh,.. 37-50 ¢
“ “ “« 2nd 65 “ ... 1040 *
94.90 ¢

Detaziled descmptwn of test.—DPart of the tailings from the first amal-
gamation at 30 mesh in test No. 1A was used in this test. This tailing
which assayed 0:34 oz. per ton was concentrated on a Wilfley table, two
products being made, a concentrate and tailing.

TABLE IV
' Weight Gold Per cont
Product Grammes | Per cent 02{81?:?313’011 %fa%l?ég
1647 7-05 3-44 70-4
2,171-0 92-95 ) 0-11 29-6

A screen analysisof thefirst table tailingis given in table No. V. Itisvery
evident from these figures that the gold is not freed from the coarser
particles of gangue, and that crushing the whole to pass 100 mesh would
probably do this sufficiently.

TABLE V
SCREEN ANALYSIS
Weight Trirst table tailing Per cont Au
recovered Per cont
Mesh Assay Assay x from each of total
Grammes. | Per cent 0z, per weight size gold
ton per cent

— 304 48... 328-8 30-7 0-16 62-8 44.1
— 48+ 65, . 172-5 16-1 0-125 67-1 180
- 65+4-100. 137-4 12:8 0-085 734 9.9
~~100-150. 86-7 8:1 0-054 76-0 3:6
—160-200. 87:9 8.2 0-090 61-6 6.3
~200........ 257-0 24-0 0-085 |.. 552 18-1
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The tailing from the primary table which contained 0-11 oz. gold was
re-crushed in a ball mill to pass 65 mesh and again concentrated on a
Wilfley table. The result of this operation is given in table No. VI:—

TABLE VI
Weight Gold - P?r O?St
of go
Product Grammes | Per cent ozﬁfg?gon values
COnCentTAte. .o vverteevereaiieerriaeeinrenns 41.2 3.7 1-785 58-9
511 1 A 1,060-5 96-3 0-048 411
TABLE VII
ScreEN Awarysis Seconp Tanie TAmING
Weight Gold P (Er mlagt_
of gold -
Mesh Grammes I Por cent ozﬁ?:?{on values
200, 1 e e e e e 374.0 47.7 0-03 29-2
200, e e e i e e, 410-3 52:3 0-065 70-8
TABLE VIII
DistrIBUTION OF GOLD BEFORE AND AFrER PRIMARY TABLING
Gold, oz. per ton
Percent -
Mesh Tirst amal- Primary of values
gamation table recovered
tailing tailing
0-43 0-160 62-8
0-38 . 0-125 671
0-32 0-085 73-4
0-225 0-054 76-0
0-235 0-090 61-7
0-190 0-085 . 552

»

Discussion of results of tests Nos. 1A and 1B.—The recoveries were
practically the same in both tests. Comparing the results of the two
tests, it is evident that the treatment used in test No. 1A offers a number
of advantages over the methods used in test No. 1B. By the double
amalgamation, over 79 per cent of the gold was recovered as bullion,
while in test No. 1B, only 47 per cent was obtained as bullion. The costs
of operation of the two methods would be practically the same. The first
cost of the machinery used in the flow sheet of test No. 1B would be greater
than that used in test No. 1A on account of twice the number of tables
being used. The chief advantage of the first flow sheet over the second
is that 79 per cent against 47 per cent of the gold was obtained as bullion
ready to market. In the second flow sheet 47-9 per cent of the gold is
in a concentrate associated with refractory material, compared with only
16-7 per cent in the first flow sheet.
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Pan amalgamation tests on table concentrates—The concentrate obtained
from the first tabling in test No. 1B was used for this test. 'The concentrate
weighing 164.7 grammes was placed in a mortar with 10 per cent of its
weight of mercury. Water was added to make a thick pasty pulp which
would hold up the mercury and the mixture was ground for four hours.
‘The pulp was gradually diluted, the grinding being continued for another
bour until the concentrate had been all reduced to a slime. The slime was
decanted and washed away and the mercury was collected and retorted
to recover the gold. The following results were obtained:—

Amount of gol in econcentrate before amalgamation............ 3-44 ozs. per ton
Amount of gold in concentrate after amalgamation............. Og{i ““
2.

Amount of gold recovered as bullion............ovvvrnevnnnn...
This means that 817 per cent of the gold in the concentrate was recovered
as bullion ready for the market. The residue remaining contained 0-63
oz. gold per ton, valued at, roughly, $12.60, and 2-07 per cent arsenic.
This concentrate could probably be sold to smelters in the United States
owing to the favourable situation of the mine, which is understood to be
on the sea coast.
Avaregavarion TEsTS

A series of amalgamation tests were run to determine the best size
to crush the ore for the primary amalgamation. It had previously been
observed that the recovery fell off if the ore was crushed finer than 35 mesh.
The following tests were run:— )

TABLE IX
Size to which | Tercentago
Test No oro was o golg b
' crushed for recovered by
amalgamation amalgamation
as hullion
mesh per cent;
U —20 47.3
B e e —28 48-9
B et e —35 59-4
e e e e -50 47-5

The above table shows that the best size to crush to for the primary
amalgamation is between 30 and 40 mesh.

LareEr Scarr TmsT

A larger scale test was made on 10,545 grammes of ore, using flow sheet
Figure 5. The ore was crushed wet in & ball mill to pass 40 mesh and then
passed over amalgamation plates. The amalgamation tailing was then re-
crushed to 100 mesh and passed over a second series of amalgamation plates.
The second amalgamation tailing was concentrated on a Wilfley table and
a concentrate and a final tailing were made. Recapitulation of results:—

Assay of ore before treatment............ 0-64 oz, per ton
Assay of tailing after first amalgamation. 0-18 “
Assay of tailing after second amalgamatio 0:05 *

Assay of table tailing............covvvnnn.., 0-035 “
Assay of table concentrate.................. . 1.33 “
Per cent of total gold recovered by amalgamation at 40 mesh.. 71.9

Per cent, of total gold recovered by amalgamation at 100 mesh,. 20-3

Per cent of total gold recovered by amalgamation.......... 92-2
Per cent of total pold recovered by table concentration........ 2:6
Per cent of total gold recovered by combined operations. . .... 94.8
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The table concentrate represented 6-34 pér cent of the weight of the
original ore. That is for every 100 tons of ore treated 6-34 tons of con-
centrate would be obtained assaying 1-33 ozs. per ton.

i Corduroy blankets were used after the amalgamation plates in the
second amalgamation at 100 mesh. The material remaining on the blankets
was passed over the table with the second amalgamation tailing, hence
the increase in amount of gold values shown in the table concentrate.

ore
Ball milf g/v'na'//;,g o 40 mest;

Assay, gold 0-64oz./ton

/Ima@‘amal’z’ion plates _
" Amalgam : Wzl /'ng

Gold bullion recovered - Assay, gold. /80;/:@_/7“
046 oz/z‘on ofore |
.

Ball mitl grinding to J00mesh

Amalgama "0/7 plates

Amalgam 7ailing
Gold bullion recovered . :
0-/3 0z, fton of tailing I :
Com’uroJl/ b/ankets
I
Concentrate Tailin
Assay, g’a/la' 505 ozl
. 14//'/7"/6_’}/: table
- Concentrate . 7ailin, Iz‘a waste
Assay, gold 133 oz, /¢on Assay, go/d 0-035 oz ffon

Concentration ratio’f:/58

Fig. 5. Flow sheet used for larger scale tests, Cranberry Head gold ore.

Roasting and pan amalgamation of table concenirate.—An assay ton of

the concentrate was roasted and the residue amalgamated by pan amalgam-

. ation, the idea being that the arsenic could be recovered in the form of a

crude arsenical oxide by roasting, and the residue amalgamated for the
recovery of the gold values. The results were as follows:—

Concentrate before roasting. .cooviiveiiieer e iiiiiieiieiiisiee 1-33 oz. per ton
Concentrate after roasting............... e eireteraceeaen, 0-96 “

Loss in roagting FS 0-37 e

Loss in residue after amalgamation........coovveiviiiiiiiiine, 0-23 «
Recovered by amalgamation. ccvvee v e iieniiiiirieniicans 0:73 «
RECOVETE . e tvrnerveneraeoenassatosenetocessssanrorssasssnses 55 per cent

This method of treating_.the table concentrate was not very successful.
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CONCLUSIONS AND RECOMMENDATIONS

It is understood that the property from which these samples were
taken has not been developed to any extent, and that no tonnage of ore
has been blocked out. The samples received were taken from the surface,
as a considerable portion of the rock showed surface weathering. # Taking
into consideration that the property is still in the development or prospect
stage, the flow sheet as indicated by Figure 6 is recommended for the

recovery of the gold. A
Ore fom mine

Jaw crusher o 1%
Storage bin
Sz‘a/};o battery foeders

Stamp battery .
Amalgam and bullion recovered

Amalgamation plates
Amalgam and bullion recovered

Mercury traps
) Froyision made for Ball mil/

and second ser/es of

. &/ 77
Wity iable amalgamation plates
Concertrate Tailing to waste
Grinding pan »
Settler: ,‘/Ilerc uny
Residue, to storage Mercury
Amalgam
Bullion recovered

Fig. 6. TFlow sheet recommended for treatment of Cranberry Head gold ore.

The flow sheet can be added 4o and improved later when sufficient
ore has been developed in the mine to warrant a larger expenditure. It is
advisable to install a 1000-pound ten-stamp battery of the California type
with a wide and deep mortar for inside amalgamation. The mortar should
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be at least 18 inches wide at a 6-inch discharge. Ior the most satisfactory
operation the battery should be fed by a feeder, of the Challenge type.
A jaw crusher should be used to crush the ore to 114 inches before it is
fed to the battery. The plate area should be fairly large, at least 25 square
feet per stamp, and the plates should be stepped. A good type of mercury
trap sould be used at the end of the plates. The tailings from the stamps
should be.run over one Wilfley table for concentration. Provision should
be made to treat the table concentrate, and for this purpose the use of a
grinding pan with a capacity of 2 tons of concentrate per day, together
with mercury settlers to recover the mercury, is recommended.

The results of the foregoing tests indicate that the table concentrate
will contain 1.3 or more ounces of gold per ton, and that an 80 per cent
recovery of this gold can be obtained by fine grinding and amalgamation
in a pan.

‘When the mill is built, provision should be made for the installation
of a ball mill for regrinding the tailing from the battery plates, and for
further amalgamation on stationary plates, so that if later it is found
advisable to regrind, this equipment can be installed with the minimum
of expense.

Report No. 193

AMALGAMATION AND CYANIDE TESTS ON THE ORE FROM THE OPHIR
LODE MINE, BRITISH COLUMBIA

R. X, Carnochan

A shlpment of ore, gross weight 20 pounds, was received May 7, 1923,
from Dr. H. B. Morrison, Nelson, B.C. This ore came from the Ophn'
Lode mine, Situated on the divide between Gainer creek, a fork of the
Lardeau river, and Marsh Adams creek, a fork of the Westfall river.

The ore contains values in gold and silver. The sample received was
very much weathered and contained a considerable quantity of iron
sulphide.

Tests were desired on the sample to determine if amalgamating at 80
mesh would be better than amalgamating at 40 mesh, and if it would
be necessary to cyanide after amalgamating, -

Head sample—The ore was crushed to 40 mesh, some metallics being
obtained. A sample for assay was cut out and ground to pass 80 mesh,
more metallics being obtained. The —80 mesh material and the two lots
of metallics were assayed with the following result:—

Au. Ag.

R 0z. per ton 0z, per ton
440 mesh metallies. cvoii ittt i e 0-38 0-06
80 mesh metallies. cvver vt iiiiiiiiii i i it 0-80 0-08
=80mesh. ... 1-76 0-46

& 1o - T 2:94 0-60

Amalgamation.—Amélga,mation tests were made on the ore by mixing
in a small pebble jar for three hours, about 1000 grammes of ore, 400 c.c.
of water, and 100 grammes of mercury. After mixing, the mill charge
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was put through a hydraulic classifier to separate the mercury from the
tailings. The tailing was then dried, weighed, and sampled for assay.
Three tests were made on ore ground to —40 mesh, and three on ore
ground to —80 mesh. The results were:—

Au, Ag.
0z, per ton 0z. per ton

—40 amalgamation tailing. ... o.vvvviiiiiiiiiiiiier i 0-35 0-24
—40 amalgamation tailing. ...oovve i i i e 0-36 0-23
—40 amalgamation tailing......ovvr i iviieiiiiiiiiiirenieieieianss 0-28 0-15
N T 0-33 0:21

—80 amalgamation tailing.....o.ov i e 0:38 0-20
—80 amalgamation tailing. ....cvvur it viireeinrerireenirieneriens 0-28 0-16
—80 amalgamation tailing.....ovvvevrernr it iiiieiiiiians 0:33 0-21
R Y T N 0:33 0-19

Amalgamation at 40 mesh gave in metallics and amalgam a gold
recovery of 88-8 per cent and a silver recovery of 65-0 per cent. Amal-
gamation at 80 mesh gave in metallics and amalgam a gold recovery of
88-8 per cent and a silver recovery of 68-3 per cent.

Cyanidation.—Cyanidation tests were made on all amalgamation
tailings. About 200 grammes of tailing was taken for each test, a 24 hour
agitating period was used, and the tailings were ground to —100 and —200
mesh. The average results obtained are:—

Au, Ag.

oz. per ton oz, per ton
—40 amalgamation tailing cyanided at —100 mesh................ . 0.01 0-03
—40 amalgamation tailing cyanided at —200 mesh.................t 0:02 0-01
—80 amalgamation tailing cyanided at —100 mesh.................. 0:00 0-05
—80 amalgamation tailing cyanided at —200 mesh..............c... 0:03 0-02

The above table shows that the lowest tailings in gold are apparently
secured by cyaniding at —100 mesh. This is not the case, however, as
cyaniding at —200 mesh will always give as good, and usually better,
results than at —100. The tests show that cyaniding at either —100 or
~200 will give a tailing running about 0-02 oz. gold and 0:03 oz. silver
per ton. With this tailing, the recoveries made on the ore by amalgamating
and cyaniding are, gold 99-3 per cent, silver 95-0 per cent.

The average cyanide consumptlon in the tests was 5:5 pounds per
ton of amalgamation tailing treated, and the average lime consumption
was 72 pounds per ton. .

CONCLUSIONS

1. Amalgamation followed by cyanidation is a suitable method of
treating the ore submitted, as the recoveries are very high, and the talhngs
very low.

83309—4
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2. Amalgamation at 40 mesh is preferable to amalgamation at 80
mesh, as the gold recovery at 40 mesh is the same as that at 80 mesh; the
silver recovery is only slightly lower, and the mercury does not flower to
nearly the same extent. ~ : ,

3. Cyanidation will be necessary after amalgamation, as the increase
in recovery certainly warrants it, and the amalgamation tailings are too
high to discard. . -

4. For eyaniding, the amalgamation tailings will need to be ground
to 100 mesh. Tiner grinding than 100 mesh is not necessary.

5. The consumption of cyanide is fairly high, probably due to the
oxidized condition of the ore. It would be expected on fresh unoxidized
ore that this consumption would be much less.

Report No. 194

THE CONCENTRATION OF THE COMPLEX SULPHIDE ORE OF THE EUSTIS
' MINE, TUSTIS, QUEBEC .

" C. 8. Parsons

_ Shipment.—A. carload shipment of about 20 tons of ore was received
May 29, 1923, from the Eustis Mining Co., Ltd., Eustis, Que. The ship-
ment was submitted as representative of the company’s milling ore from
the Eustis mine.

Purpose of experimental tests—The object in conducting experimental
test work was to determine a satisfactory .and commercial method of
separating the minerals, with the production of marketable copper con-
centrates with high recoveries of the values in the ore.

Previous experimental tests—The company had, previous to making
this shipment, cairied on small laboratory tests for a year under the
direction of Mr. J. H. Allen, of Knox and Allen, consulting metallurgists
of New York. The results of these tests were at first erratic, but as the
work progressed, more uniform and very encouraging results were obtained
from the small scale laboratory tests. -

Request for tonnage check tests.—In order to eliminate any possibility
of failure, the company made application to the Department to have ton<"
nage: check tests conducted to verify the results of the small scale tests,
before proceeding with the alterations to their concentrating plant.

Arrangements for tonnage check iesis—It was arranged that Mr.
Allen, representing the company, should be present during the running
of the tests and that the work should be carried on under the joint super-
vision of Mr. Allen and an official of the Department.

Previous work of a similar nature—The production of a high-grade
copper concentrate from complex sulphide ores has, in many cases, pre-
sented difficult problems, and it is only in the last few years that successful

- solutions have been obtained commercially. The Department has given

considerable attention to these problems, and has obtained encouraging
results on a number of Canadian ores by differential flotation. Experi-
mental work on such ores as the Flinflon, Hidden Creek, and the Sudbury
copper-nickel ores indicated that theé chalcopyrite could be floated select-
ively from the iron sulphides by maintaining an alkaline pulp with lime.
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Decision as to experimental work.—It was desired by the company
that the work should include two particular lines of investigation—

First: The flotation of the chalcopyrite from the other minerals of the
ore with the production of a marketable copper concentrate (at least 20
per cent copper) with high recoveries of the copper content, and,

Second: The flotation of the iron sulphide from the gangue with the
production of a marketable concentrate of high sulphur content.

This report deals entirely with the differential flotation of the chalco-
pyrite from the iron sulphides and gangue minerals. The flotation of the
pyrite will be taken up later under a separate investigation.

Characteristics of the ore—The ore is a complex sulphide consisting
of chalcopyrite associated with pyrite and small quantities of calcite,
quartz, and other gangue minerals. The shipment received contained
about 3 per cent copper. The chalcopyrite is finely disseminated through-
out the pyrite, the sulphides constituting 80 per cent of the ore, the re-
maining 20 per cent being made up of gangue minerals. A careful exam-
ination of the ore indicated that it should be ground fo pass 100 mesh to
free the chalcopyrite.

Sampling and analysis—Each run was sampled separately. Three
tons were weighed out, crushed in a jaw crusher and rolls to one-quarter
inch. A tenth part was cut out by a Vezin automatic sampler and further
reduced for analysis. An approximate analysis of the shipment would be:—

Sulphur
Insoluble
Other ZaNBUE. . v vvvevenrreneaearocsassasrsaresaosans eerreeennes 4:6

ExperRIMENTAL TESTS

Small scale tests by the Department—Before the large scale tests were
run, a number of small scale tests were run in order to gain some idea of
the characteristics displayed by the ore during flotation, such as the nature
of the froth, concentrate, tailing, ete.

Summary of small scale tests—A summary of the results of these tests
is given in table No. L

TABLE I
SMALL Scane Tests
Analysis
Test
Product per_cent Remarks
No. Cu.
1 | Concentrate...... 25-2  [1000 grammes.ore —80 mesh, lime 10 lb/ton. Barretts
Middling......... 6-3 No. 634, Pine oil GNS No. 5.
Tailing,......... 0-59
2 | Concentrate...... 29.11 (1000 grammes ore —80 mesh, lime 10 lb/ton. Barretts
Middling......... 4.78 No. 634, Pine oil GNS No. 5.
Tailing.......... 0-855
3 | Concentrate...... 18:1 [1000 grammes ore —80 mesh, lime 10 1b/ton. Barretts
No. 634, Pine oil GN§ No. 5.
4 | Concentrate...... 29.69 11000 grammes ore —80 mesh, lime 10 1b/ton. Barretts
No. 634, Pine oil GNS No. 5.

83360—4%
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Conclusions from small scale tests.—These tests clearly indicated that
a high-grade concentrate could be produced. A low tailing, however,
was not obtained. The poor recovery was probably due to the high
dilution of the pulp used in these tests, which was approximately 1: 4.
When running the large scale tests, it was found that in order to obtain a
tow ta%ling, the pulp must be kept fairly dense, approximately 1:2-5 in
the cells.

Large scale tests.—The same flow sheet was followed in all tests. The
one-fourth-inch material was fed to a 43-ft. Hardinge ball mill carrying a
mixed ball charge of 4,000 pounds of 2-inch and 1}-inch balls. The mill
was operated in closed circuit with a Dorr classifier, the overflow of the
classifier going to Callow flat bottom cells. The rate of feed was main-
tained at about 1,000 pounds per hour. The results of only the first three
tests are given in condensed form from the notes kept by Mr. Allen.

R Test No. 1

Synopsis of run.—This test was started with a clean circuit, the ball
mill being empty. Lime was added to the ball mill with the ore at the rate
of 5 pounds per ton. When the ball mill started to discharge it was noticed
that the pulp did not have the right appearance for flotation. The pulp
was discharging fairly thick from the mill; more water was added, and the
mill discharge reduced to.50 per cent solids. The appearance of the pulp
improved slightly. By this time the pulp had commenced to enter the
flotation cells, but conditions were not right as the froth was pasty and
dark looking, and not lifting much mineral. The lime was gradually
increased to 10 pounds per ton before correct conditions were obtained,
the ball mill discharge being maintained at 50 per cent solids. The con-
dition of the pulp discharging from the mill began to improve and a bright
float of copper was obtained in the classifier. The character of the froth
in the cells started to show a radical change, becoming brighter and lively
with fast breaking small bubbles which surrounded larger slower breaking
ones. Copper began to colour the froth heavily at the feed end of the
cell, while the froth near the discharge end became white and watery. It
was known from previous experience that the right conditions had been
obtained. .

After obtaining this correct condition, attention was paid to the oils.
Barretts No. 634 oil was fed to the ball mill, and the General Engineering
Company’s YZ reagent was added to the classifier overflow to the cells.

Dengity samples were taken every 15 minutes on the ball mill dis-
charge and the classifier overflow, and every 30 minutes on the cell dis-
charge.

Samples for analysis.—No samples were taken until near the end of
the run, as the chief object in this first test was control.

Analysis of samples.—A sample of the concentrate and tailing from
the cells was taken and analysed:—

TABLE 11
Awnarysis or Sameres—Test No. 1 !
T Cu. Fe. S Insol
Product per cent | per cent I per cent | per cent
Hend s8mMpPle....iuiverernrneetirirneeriecneninensaenss 2:90 406 46-4 7:10
87631103114 7 YRR 2366
B 5151 0-49 ’
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Tests Nos. 2 and 8

Procedure.—The same procedlire was followed as in the previous test.

Oils and reagents used.—The amount of lime was kept constant at
10 pounds per ton. The oils and soluble flotation reagents were varied.
The best results were obtained with Barretts No. 634 and TT mixture of
the General Engineering Co.

Samples—Separate samples were taken during the use of each reagent,
the samples being changed every time the reagents were changed. One
continuous sample was, however, taken of the concentrate and tailing
1(%IuringIthe whole run. The analysis of these samples is given in table

o. IIL

TABLE I1I
Anavysis or Samrres—TEsTs Nos 2 AnND 3
Product Cu per cent; Remarks’
Head sample, test No. 2 2.95
Concentrate No. 1, “ o9 24.42
Concentrate No. 2, “ 9 2460
Concentrate No. 3, “ 2 19-58
Tailing No. 2, “« o9 0-55
Tinal tailing, “« o9 1-20 |Taken during whole run,
Head sample, “ 3 2-88 |.
Final concentrate, “ 3 22+30 |Taken during whole run.
Concentrate No. 1, “ 3 21-16
Tailing No. 3, “ 3 0-20
Tailing No. 4, -8 0-45 :
Final tailing, “ 3 0-33 |Taken during whole run,
TABLE 1V
ScreeN TEer oN Fivan Tamineg Samrre—Test No. 2
Size gyg.%il%lgs Per cent
21 4.2
43:5 8:7
194.5 38-8
L 241-5 48-2
TABLE V ‘
ScreeN Test on Finan Taing Samere—TEest No, 3
s Weight
Size grammes Per cent
~ 656+4100....... Cheavenes e erieerireeraana, et reaii e P 52 1-0
Fom L Ceraereeratreeaes .. 24-0 4.8
—1504200........00ue.n Geseiesestssesatrrresatrnraas Cereereireeeaane P 102-8 20-6
—200...00iuiienes Crenraerarieseens RN PN ceeeaneenes 368-0 736

Test No. 4
Procedure.~—Similar to the preceding tests.
Synopsis of run.~The test was started at 10.10 a.m. with a built-up
circuit remaining from the previous run. The rate of feed was approxi-
mately 1,000 pounds per hour.
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Oils and req Je?zts used 10.10 a.m. to 2.00 p.am..—

Barretts No. B3 enen e e eeen et en e earn et 54 drops per minute
General Eng. Co., Y. viiiiriiiiiiiinineneesoroniensnneens 15 « «

No. 5 steam distilled PING OIluieiriiiiiii i iieniiineninenes 4 “ “
7T 10 pounds per ton

The pine oil was varied slightly from time to time to regulate the
quantity of froth in the cells.

Temperature of pulp ball mill discharge—The pulp at 47 per cent
solids was 90°TF.

‘Sample No. 1, from 11.00 a.m.to 2.00 pan.—Time of running on sample
No. 1 was three hours.

Analyszs
HeadS.oovvnverenrenernnennns e ererer e 3-00 per cent copper
Coneentrae. . .ocvverinriii i, 24.70 “ §
TailiNg. v v e vaevnserennnrsenrnsscnsosnsnesesessonsens 0-29 ¢ “

" Pulp dilutions, 11.10 a.m. fo 2.00 p.m.—The ball mill discharge varied
from 47 per cent solids at the start to 55 per cent at 1.10 p.m., with an
average of 29 per cent solids. The classifier overflow varied from 46 per
cent solids at the start to 29 per cent at 1.45 p.m. The average range was
29 to 36 per cent, with an average density of 33 per cent solids.

The tailing f10m the cells ranged during the greater part of the time
between 22 and 26 per cent solids with an average of about 24 per cent.
The density samples on the ball mill and tailing from ,cells were taken
every half hour, and the classifier overflow every fifteen minutes.

Oils and reagents used, from 2.00 p.m. to 446 p.m.:—

Barretts No. 084, . .. vuverieriiienrrrtonesnssessscnerssnsnes 54 drops per minute
General Eng, Co., TTu.viiiiiiiiieriiiiinniiiiiiiiniee, 30 “ “

No. B PINE 0l et eieviin i eteeiiesareaneanniarnrecnsanans 1 “ “
Lime..ovecvracnnens et rea et i ee it eteeats 10 Ibs. per ton

Sample No. 2, from 2.00 p.m. to 4.46 p.m.—The time of running on
this sample was 2- 75 hours.

Analysis:
HeadS ceiveiiirenecerinreriieanssairosinrenses Theenes 3+00 per cent copper
CONCENEIATR. s v v vererireearesssssirneraassnsnsrassssnss 2971« ¢
LRI e st veereererasaneranrasossnrasesssorsneannsnss 012 “

Pulp dilution from 2.00 p.m. to 4.46 p.m.—~The ball mill dlscha,rge
ranged between 50 to 55 per cent solids, with an average of 53 per cent.
The classifier overflow varied between 29 and 31 per cent solids, with an
average of 30 per cent. The tailing from the cells varied between 24 and
30 per cent, with an average of 27 per cent. '

. TABLE VI
ScreeN TEst oN Froration Taming—Test No, 4

| Weight "
. Mesh ] grammes Per cent




Summary:—
Started test at.v.ven. v i 10.10 a.m.,
Completed testab.......ocovvniiiiii i 4.30 p.m.
Running tIme. sveseveeuintiiiiiiiiniiiiiiii e 6 hrs. 20 mins.
Rateoffeed.......oooviiiiiiiiiiiiiiiiiiiiiniiieninn 952 pounds per hour
Analysis of samples taken continuously from beginning to end of test:—
5 CY: Y TN 300 per cent copper
Coneentrate........ovvviriiii i 2300 ¢ “
B 1T N 024 ¢ “

Conclusions.—The densgity of the feed to the flotation cells was much
higher and more constant in the last half of the test than during the first
half, but owing to the change from YZ to TT reagents, it is impossible
to determine definitely whether the lower tailing obtained during the
latter part of the run was due to the more uniform and higher density of
the pulp in the cells or to the change of reagents. The opinion of the writer
ig that the lower tailing was due to the more uniform and higher density
of pulp. The reason for this is based on the observation that when the
density of the pulp was the highest, the appearance of the cell indicated
that the best separation was being obtained.

Test No. &

Procedure.~~Similar to previous test, with the exception that 1,500
pounds of balls were removed from the ball mill, leaving 2,500 pounds.

Synopsis of run.—The test was started at 10.15 a.m. with a built-up
circuit remaining from previous run. The rate of feed was maintained at
approximately 1,000 pounds per hour.

Oils and reagents used ot stari:—

Barretts NO. 634, .. .cvverivri i iie i 34 drops per minute
General Eng, Co., T, ..ot iiiinannnn 30 “« “

NO. S PINe 0Ilsvs st eeererer it 1 “ “
75 o P 10 1bs. per ton

Conditions of froth at stari~—The froth was pasty and dead at the
start, but gradually cleaned up as the alkaline circuit was built up.

Change of reagents—The Barretts No. 634 was increased to 70 drops,
and the T'T mixture reduced to 18 drops. A change in the character of the
froth was noted, indicating over oiling and the lifting of more iron sulphide.
The Barretts oil was reduced to 54 drops per minute and the TT raised to
30 drops. At the time of starting No. 1 sample the TT was increased to
-36 drops per minute.

Sample No. 1, from 11.40 a.m. to 12.30 p.m.—The time of running on
‘this sample was 55 minutes.

Analysis:
2 T T TN 2-98 per cent copper
CONCENtIAtE. .. vvvrvrs ctieeeninerissreessonisronsansass 19- « «
Tailing. oo veererrnesvueensorsneseinrosssonarsosasssns 0-22 ¢ “

Pulp dilution between 11.40 a.m. and 12.30 p.m.—The ball mill dis-
charge varied between the narrow limits of 53 to 54 per cent solids. The
clagsifier overflow density ranged between the two limits of 27 and 34
per cent solids, with an average of 28 per cent. The tailing discharge
from the cells averaged 28 per cent. '
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Change of samples at 12.80 p.m.—The cells were working better and
the concentrate looked cleaner.

Odls and reagents, 12.30 p.m. to 2.80 p.m.—These remained as before,—

Barretts No. 634, ... ceviiinenrneinnennnns eeearereeeaane 54 drops per minute
General Bng, Co., T iiviiiiiiiinineiiinsssesiiocninnnnes 36 “ «
T 03 1 « “«
L8, st ettt it neinnsaeustsusestosatanessatnsnenssonsnsass 10 Ibs. per ton
Sample No. 2, 12.80 p.n. to 2.80 p.m. —A total time of two hours.
Analysis:
H

2.98 per cent copper
0-50 o« 1]
0-14 « ¢«

Pulp dilution, 12.30 p.m. to 2.80 p.m.—Ball mill discharge varied
between 49 and 55 per cent solids, with an average of 51.. The classifier
overflow varied between 26 and 29 per cent solids, remaining constant the
greater part of the time at 26 per cent solids. The tailing discharge from
the cells averaged 28 per cent solids.

Change of operating conditions at 2.30 p.m.—The feed, instead of all
. passing through one rougher cell and being returned through the second
rougher cell, was divided, half going to each cell. The tailing from each .
rougher cell was. sampled separately.

Oils and reagents, 2.80 p.an. to 445 p.an. 1.—The reagents and oils were
not altered.

Sample No. 8, 2.80 p.n. to 4.46 p.m.—The tailing from the two rougher
cells were marked A and B respectively :—

Analysis:

Tailing
Tailing B
Pulp dilution, 2.830 pan. to 445 p.m.—The ball mill discharge varied
between 51 and 58 per cent solids. The classifier overflow varied between
29 and 33 per cent solids. The greater part of the time the density remained
constanltdat 29 per. cent solids. The tailing from the cells averaged 28 per
cent solids

Summary .
Total [ L L PN 6, 000 pounds
Total time of running. . ..ovvve i erirenenns S I 6+5 hours
Rate of feed..vueeriiiireriiiioiieietinseieioneerenrenes 923 pounds per hour

5 0T TS R 2+98 per cent copper
Concentrate......ooovvniiiieniiinnnen, eeriiiieeeciraenes +00
Tailing........ N e it teeter ittt i e reaareaae 020 « “

- Screen test on flotation tailing.—Thisscreen test is given in table No. VIIL.

TABLE VII
ScrREEN TEST Froration Taming—Test No. §

"Mesh S | Weight

grammes Per cent
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It will be observed that the removal of 1,500 pounds of balls from
the mill did not affect the crushing to any extent. The material —200-
mesh was only 2 per cent less than in the previous test, while the amount
remaining on 100 mesh was considerably less than when more balls were
used in the mill. This was due in all probability to the more careful
regulation of the classifier.

Conclusions—The use of TT mixture in place of YZ mixture, which
is difficult to obtain, gave satisfactory results. ,

FINAL SUMMARY AND CONCLUSIONS OF ALL TEST WORK

1. If the shipment submitted was representative of the ore to be
mined, the results of the experimental work justify the erection of a mill,
the flow sheet of which should conform to the procedure used in conducting
the tonnage check tests.

2. The results of the experimental work show that a high-grade con-
centrate of at least 20 per cent copper, with a recovery of better than
90 per cent, can be expected.

3. That the ore should be crushed to pass 100 mesh, and so that 80
per cent will pass 200 mesh. ‘

4, That an alkaline pulp, made so by lime, is essential to obtain
selective flotation of the copper from the iron.

5. That when the mill is first started, Barretts No. 634 and TT mix-
ture should be used until in perfect operation, then other and cheaper oils
can be tried.

6. That the temperature of the pulp in the ball mill should be main-
tained as low as possible, not exceeding 90° F.

7. That a high pulp density should be maintained in the flotation
cells. Samples taken from the rougher cell discharge should show a density
of not less than 26 per cent solids.

8. That the pulp should be delivered direct to the flotation cells from
the grinding circuit. No attempt should be made to thicken this feed by
dewatering. The efficiency of the closed grinding circuit should, if neces-
sary, be sacrificed to obtain this condition. The classifier overflow density
should be maintained at 30 per cent solids.

9. That the lime should be added ahead of the ball mill, as long
contact is necessary.

10. That one cleaning operation is all that is necessary.

11. That to obtain efficient operation, conditions must be kept uniform.
This is very clearly indicated from the tests conducted. The pulp densities
must be maintained constant. The amount of lime added should be
controlled by chemical determinations of the alkalinity of the tailing
. water from the cells. :
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Report No. 195

EXPERIMENTAL TESTS ON GOLD ORE FROM KIRKLAND LAKE GOLD
MINING CO., LTD., KIRKLAND LAKE, ONTARIO )

R. K. Carnochan

Shipment—Two samples of gold ore and one of mill tailings were
received on December 22, 1922, at the Ore Dressing and Metallurgical
Laboratories, from the Kirkland Lake Gold Mining Co., Ltd., Kirkland
Lake, Ont. The samples as received were numbered 1, 2, and 3, and
weighed 95, 60, and 32 pounds respectively.

Purpose of experimental tests.—In the milling of their ore, the com-
pany was not securing a very low tailing, and tests were desired on the
samples to determine if anything could be done to improve the extraction.

Characteristics of the ore—Sample No. 1 was high-grade ore con- -
taining molybdenite. The gangue of this ore was mostly red porphyry
with some quartz. A small amount of sulphides was present as minute
specks. The molybdenite occurs as a very thin coat in the fracture faces.
No free gold was visible. Sample No. 2 was run-of-mine containing no
visible molybdenite, but otherwise similar to sample No. 1. Sample No.
8 was mill tailing. '

Sampling and analysis—After selecting some specimens from' lots
Nos. 1 and 2, they were crushed to one-fourth inch. A small portion was
cut out of .each and crushed to 40 mesh. Samples for assay and analysis
were cut out of the 40-mesh material and also out of sample No. 3. Assays
and analyses were made on all three samples with the following results:—

Sample No.1 | Sample No.2 | Sample No. 3

[ 70) 1 S 4.33 oz./ton.| 0-12 oz./ton.| 0-04 oz./ton.

SN £ 0-55 ¢ 004 ¢ 005 ¢

Molybdenite : 0-30 per cent 015 per cent 010 per cent
b )¢ VA 4.20 ¢

Siliea..... 53-60 ‘

‘Sulphur,.. 2:30 “

Telluritm..o.voveens 0-10

Alumina 17.15  «

Lime and magnesia 6-00

Carbon Nil

Loss on ignition 350 ¢

Due perhaps to the presence of tellurium in the ore, difficulty was
found .in assaying both the samples received and the products from the
test work. The figures given above for samples Nos. 1, 2, and 3 are quite
reliable. :

Tests on Sample No. 1

Cyaniding.—Samples of the ore were ground to —100, —150, and
—200 mesh. Portions of each size were agitated for different lengths of
time in a solution made up to titrate 0-25 per cent KCN and 0- 10 per cent
Ca0 by using sodium cyanide and soda ash. The following table shows the
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results of these tests. Unless otherwise stated, agitation was effected in
a bottle closed by a rubber stopper.

Tails —100 Tails —150 Tails —200
Time of
agitation | Au. Ag, Au, Ag. Au, Ag, Remarks
hours | oz. per | oz. per | oz, per | oz. per | oz. per | oz. per
ton ton ton ton ton ton
8 0-06 0-04 0-10 0-08 0-12 0-14
8 0-19 0-08 0-13 0-09 012 0-09
16 0-10 0-10 0-12 0-12 0-04 0-04
16 0-20 0-12 0-16 0-12 0-12 0-11
24 0-18 0-16 0-16 0-18 0-08 0:10
24 0-16 0:08 0-13 0-06 0-12 0-17
7 S D PUPTO FUY 0-09 0-03 Agita_tlion by revolving stirrer in a
pail.
b7 S RN P DY PR 0-14 0-05 | Agitation in open bottle revolving
horizontally.
D ) Y (I P 009 |........ 1 Ib/ton sodium peroxide used,
b7 S RN PPUDE P NI 0-09 0-14 |3 per cent HySO4 wash, then water
wash before cyaniding.
.3 S PR Y P P tre. |oo.e.a... Agitaplion by revolving stirrer in a
pail,
;- N P PN FPTI 007 [...vunn

The above table shows:—

1. The difficulty of securing checks in assaying.

_ 2. The ore can be readily cyanided to 0-20 oz. or less gold per ton.
This means a recovery of 95-4 per cent of the gold. This ig a good recovery
on an ore running $89.50 in gold, but the tailing runs $4.13 and is too high
to throw away.

3. Fine grinding, finer than —100 mesh, does not greatly lower the
tailing.

4. Increasing the time of agitation beyond 8 hours does not lower the
tailing to any great extent.

5. The same results were obtained in the test work when different
methods of agitation were used.

6. Sodium peroxide does not improve the cyaniding of the ore.

7. A preliminary acid wash does not make the ore more amenable to
eyanidation.

Flotation and cyanidation—In view of the fact that cyanidation alone
did not produce a tailing low enough to discard, it was decided to make
some tests to determine if flotation used in conjunction with the cyanide
process would lower the tailing to a suitable point. In making the tests
a small laboratory Ruth flotation machine was used for the flotation work.
In cyaniding, a solution titrating 0-25 per cent KCN and 0-10 per cent
CaO was used. Agitation was effected in bottles closed by rubber stoppers.
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Flot. concentrate Tailing
_ Au, Ag. © Au. Ag,
oz, per | oz per | oz.per | oz. per
ton ton ton ton
Floating at —200 mesh with pine oil and coal oil and
then cyaniding for 24 hours...ovevvvvniiiueenienen. 05-93 567 0-05
Floating at —200 mesh with TT mixture and then
cyaniding for 24 hours.....ovieeveieieiiirnnnnnss 5268 3:50 012 0.19
Floating with heavy hardwood creosote, coal tar and
coal tar creosote at —200 mesh and then cyaniding|
f0r 24 HOUTS. tovv ittt ittt ir et 16-50 2:19 0:09 0 1§
Cyaniding at —200 mesh for 24 hours, and then floating
with heavy hardwood creosote, coal tar and coal
0L CYCOSOTR ¢ esveerrveererasroeeonnoerooronnenenes 0-33 0:47 0-16 0:15
Cyaniding at —200 mesh for 24 hours and then floating
with T'T mixbure..ver e ieieriiiieiernrarennnnen tr. |0 017 tr. 0:31

The above table shows:—

‘1. The dlfﬁeulty of securing a. representative sample of the ore.
Apparently the sample used in the last test shown in the table did not
run as high as the average of sample No. 1, for as both the flotation con-
centrate and tailing run a trace in gold, cyaniding for 24 hours at —200
mesh must have reduced the ore to a trace in gold. This does not agree
with the tests described under cyaniding, so it would seem that the sample
taken for the test was not representative.

2. Tlotation used with cyaniding improves the recovery somewhat,
but does not glve a tailing low enough to discard.

Cyamdmg and Tabling.

. Table concentrate Tailing
—_— Au. Ag. Au, Ag.
oz.per | oz.per | oz per | oz. per
ton ton . ton ton
Cyaniding at —200 mesh for 24 hours and then tabling
the cyanide tailing......... Ceeeienaes Cieees RN 1-25 1.65 0-10 012

This test shows that tabling improves the extraction somewhat but
does not give a low enough tailing to discard.

Concluszons, Sample No. 1

1. It is easy to make a hlgh recovery of the gold in this sample by
cyanidation.

2. When used with cyanldatlon tabling and flotation both improve
the extraction.

3. It has been found impossible to secure.a vei'y low tailing,
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Tests on Sample No. 2

Cyaniding.—Cyaniding tests were made on sample No. 2. These
tests were made in the same manner as the eyaniding tests on sample
No. 1.

Tails —100 Tails —200
Time
hours Au. Ag, Au. Ag, Remarks
oz, per | oz.per | oz per | oz. per
ton ton ton ton
24 0-05 0-15 tr, tr,
7 S O P tre |evevinin.. Agitation by revolving stirrer in pail.

The above table shows:—

1. The difficulty of securing a representative sample, the tails in the
firgt tests being much too high. -

2. Fine grinding and cyaniding for 24 hours gives a high recovery
and a low tailing,

Flotation and tabling.—As sample No. 2 was low-grade ore, it was
thought advisable to see what results could be obtained by floating and
tabling, as this would cost less than cyaniding, and if it worked would give
a,_larger margin of profit per ton.

Flotation Table Table
concentrate concenfrate tailing
Au. Ag, Au. . Au, Ag,
0z. per | 0z. per | 0z. per | oz, per | 0z, per | 0z, per
ton ton ton fon ton ton
Floating at —100 mesh with heavy hardwood
creosote, coal tar and coal tar creosote and
tabling flotationtailing.................... tr. tr, 0-50 0-28 tr. tr.
Floating at —65 mesh with heavy hardwood
creosote, coal tar and coal tar ereosote and
tabling flotation tailing.................... tr, tr. 0-70 0-43 tr. tr,
Floating at —80 with Barretts No, 634 and
sulphurie acid and tabling flotation tailing, 1.03 0-14 1.56 0-71 0-02 0-05
Floating at —80 with Barretts No, 634 and
sulphuric acid and tabling flotation tailing. 1.10 0:33 0-60 0:34 tr. tr.
Ore at —20 ground in ball mill to about —65
then floated with Barretts No. 634 and
sulphuric acid and flotation tailing tabled.. 0-48 0:69 028 "0-29 tr. tr.

The above table shows:—

1. Floating and tabling give very good results on sample No. 2.

2. Barretts No. 634 and sulphurie acid are suitable reagents to float
with, much better than the creosote mixture used in the first two tests,
as this mixture did not float any values.

3. It is a question which would be the better method to use on a low-
grade ore like sample No. 2. Flotation and tabling would cost less than
cyaniding, but there would result a concentrate which would have to be
treated at the mill, as it is scareely valuable enough to ship to a smelter.
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Tests on the concentrate produced by floating and tabling show that it
can be cyanided to 0-06 oz. gold per ton. This means that the recovery
by floating and tabling, and cyaniding the. concentrates would be just
about the same as that obtained by straight cyaniding, so it would seem
that as far as can be determined by the small scale tests conducted, floating
and tabling followed by cyaniding the concentrates would be the better
method to treat low-grade ore such as represented by sample No. 2.

Conclusions, Sample No. 2
1. Cyaniding gives a high recovery and a low ta,lhng

2. Floating and tabling, followed by cyaniding the concentrate gives
a high recovery and a low tailing. )

Tests on Sample No. 8

Sample No. 3 was taken from the cyanide tailings of the Kirkland
Lake Gold Mining Company’s mill. This sample was slightly damp.when
received, but it was not dried, as it has been found that even the slight
heating necessary to dry a talhng will make it more amenable to cyanid-
ation. A small portion of sample No. 3 was sized and each size assayed
with the following results:—

Size Per cont Au, Ag.
by weight | oz. per ton | oz, per ton
7 4.7 0-09 0-10 -
= B5100. . e e e e 257 0-04 005
1004150, i e e e e 19-8 0:02 frace
180200, . ettt e e e e eeas 22+4 0-03 0-04
200 e et e st e e 274 0-05 0-05

C’yamdmg —Cyaniding tests were made on sample No. 8. These
tests were made in the same manner as the cyaniding tests on sample
No. 1. .

. Tailsnotground | Tails ~100 Tails —200
Eéﬁ}: Au. Ag." | Au Ag. Au, Ag. Remarks
oz, per | oz. per | oz. per | oz. per | oz. per | oz, per
ton ton ton ton ton ton
24 trace | trace | trace | trace | trace | trace ) -
K N P O I P PR . trace | trace |Agitation by revolvingstirrer in pail,_

The above table shows:—
1. Sample No. 3 is readily cyanided to a trace in gold.
9. The sample did not need to be reground to secure a low tailing.

Conclusions, Sample No. 3

The Kirkland Lake Gold Mining Co. are having difficulty in securmg
a low tailing, and numerous tests on their mill tailing show that it is
impossible to reduce it to a trace in gold by straight cyaniding. In con-
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sideration of the fact that the company has made a large number of tests
on many samples, and that the Division has had only one sample of tailing
to experiment with, their results should be regarded as more reliable and
the conclusion drawn, that the sample received by the Division wag not
representative, or that the air drying it received made it amenable to
cyanidation.

CONCLUSIONS ON SAMPLES SUBMITTED .

It is very regrettable that none of the samples received corresponded
to the ore now being milled by the Kirkland Lake Gold Mining Company.
Sample No. 1 is much higher than their ordinary run-of-mine, and sample
No. 2 much lower. However, from the tests made on the samples sub-
mitted, it would seem that similar ore carrying a moderate value in gold
could be cyanided with good results.

The molybdenite in the ore seems to have no deleterious effeet on the
cyanide process.

Report No. 196

 EXPERIMENTAL TESTS ON GOLD ORE FROM WRIGHT-HARGREAVES
MINES, LTD., KIRKLAND LAKE, ONTARIO

R. K. Carnochan

Shipment.—A box of ore, gross weight 146 pounds, was received on
February 1, 1923, at the Ore Dressing and Metallurgical Laboratories,
from the Wright-Hargreaves Mines, Litd., Kirkland Lake, Ont.

Purpose of experimental fests.—Tests were desired on the sample
submitted, to determine what results the different methods of milling
would give, and to see whether the molybdenite present in the ore inter-
fered with the cyanide process.

Characteristics of the ore.—The ore congists of red porphyry and dark
quartz intimately mixed, and carrying a small amount of sulphides, mostly
chalcopyrite and molybdenite. The molybdenite occurs in a thin film
on glickensided faces. :

Sampling and analysis—After the selection of suitable specimens the
balance of the shipment was crushed to one-quarter inch. A portion was
cut out by means of a rifle sampler from the —Zi-inch material and
crushed to pass a 20-mesh screen. A sample was cut from the —20-
mesh material and ground to —100 mesh for analysis and assay. This
sample was found to contain on analysis:—

5:62 0z, per ton Sulphur............... 1-16 per cent,
0-54 « Tellurium............. 0-04 “
. 0:32per cent Aluming,.....coevuen. 7-49 ©
2:86 ¢ Lime and magnesia.., 2-3¢ ¢
81.10 ¥ Carbon............... trace
Loss on ignition....... 1-80 per cent

Bxperimental Tests

- Cyaniding.—A series of cyaniding tests were made on the ore ground t'ol
~100, —150, and —200 mesh. A solution made up to titrate 0-25 per
cent KCN and 0-10 per cent CaQ by using sodium cyanide and soda ash
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was used in all the tests. Different times of agitation were used. Unless
otherwise stated, agitation was secured by the use of rubber stoppered
bottles. '

—100 tailing —150 tailing —200 tailing
Eég;g Au. ] Ag. Au, Ag. Au. Ag. Remarks
0z. per | oz. per | oz. per | oz. per | oz. per | oz. per
ton ton ton ton ton ton
8 0-68 0-40 |.......
16 0-41 033 |........
24 0-45 0-37 0-28
32 0-45 0-33 0-13
40 0-48 0:35 0-15
43 0-41 . 0-29 0-12 )
K T PR PN I 028 f.ouune ..|Agitation by means of an opon bottle
revolving horizontally.
48 0-41 [........ 1 1b. sodium peroxide per ton of ore
used.
72
96

The table shows:— ‘

1. The ore can be readily cyanided to 0-68 oz. gold per ton. This
gives a recovery of 87-9 per cent.

2. Tine grmding increases the extraction.

3. Longer agitation increases the extraction.

4. The ore ground to —200 mesh and cyanided for 96 hours gives a
tailing of 0-21 oz. gold per ton. This means a recovery of 96-3 per cent.
This is a very fair recovery but the tailings are too high to-be thrown away.

5. Agitation by means of the open bottle gives the same results as
agitation by means of the stoppered bottle.

6. Sodium peroxide does not seem to improve the extraction.

Floating and cyaniding.—A number of tests were made using flotation
as an aid to cyanidation. The flotation was done in a small Ruth labor-
atory flotation machine. The cyaniding procedure was similar to that
used in the straight cyaniding tests.

Concentrate Tailing .
Procedure Au, Ag. Au. Ag.
: 0z, per | 0z, per | 0z. per | 0z. per -
ton ton ton ton
Tloating at —200 mesh with coal oil and pine oil and then ‘
cyaniding the flotation tailing for 48 hours................. 2050 2:22 tr. tr.
Tloating at —200 mesh with T'T mixture and then cyaniding
flotation tailing for 48 hours........voovviuerinieiaiiane, 83:68 3-91 [ 016 0-12

Floating at —200 mesh with heavy hardwood ereosote, coal ) )
tar and coal tar creosote, and then cyaniding flotation tail-
PN fOr 48 MOUIS. cou e ieree i i rrieneesnanereeirnenrarnas 63:72 468 0-18 0-08
Cyaniding at —200 mesh for 48 hours and then floating the} *
oyanide tailing with heavy hardwood creosote, coal tar

and conl tar CTE0SOLE. .. vureereiirererrarasvirerrersanrnas 2443 1:03 0-20 0-15
Cyaniding at —200 mesh for 48 hours and then floating the
cyanide tailing with T'T mixture......c.cevvevviieennas «.| 1.30 1.11 0-24 0-20

The above table shows:—
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1. There is difficulty in either getting a representative sample of the
ore, or in assaying, as it is hardly possible that the tailing in the first test
would run only a trace in gold when two other tests using reagents usually
found better for similar ores give tailings of 0-16 and 0-18 oz. gold per ton.

2. Tloating either before or after cyanidation improves the extraction
a little, but leaves a tailing still too high in gold.

Cyaniding and tabling.—A test was made to see what tabling would do
as an aid to eyaniding.

Concentrate Tailing
Procedure Au, Ag. Au, Ag.
o0z, per | 0z, per | oz, per | oz. per *
ton ton ton ton
Cyaniding at —200 mesh for 48 hours and then tabling cyanide
L7551 1:30 1-11 0-24 0-20

This test shows that tabling improves the extraction somewhat, but
does not give a sufficiently low tailing.

SUMMARY OF EXPERIMENTAL TESTS

1. Cyaniding alone, on the ore submitted, gives a good recovery, but
leaves a tailing too high to discard. i

2. Flotation, used as an aid to cyaniding, improves the extraction and
gives a lower tailing, but the tailing is still too high.

3. Tabling, used as an aid to cyaniding, improves the extraction and
gives a lower tailing, but the tailing is still too high.

CONCLUSIONS

It is regrettable that the ore submitted did not assay about the same
as the ore being milled by the Wright-Hargreaves Mines, Ltd. The
sample tested ran 5-62 ozs. gold per ton. This is equivalent to $116.17
per ton in gold, and is much higher than the ore that is being milled at
present. ,

On lower grade ore it would be easier to secure a lower tailing, and
it is possible that on ore similar to that now being milled at the mine
straight cyaniding would work very satisfactorily.

The molybdenite present in the ore seems to have no deleterious
effect on the cyanide process.

MICROSCOPIC EXAMINATION OF SELECTED SPECIMENS OF WRIGHT-
HARGREAVES ORE.
E. A. Thompson

Two specimens of Wright-Hargreaves ore, selected from a shipment
of 100 pounds of high grade, one containing a considerable amount of
amorphous molybdenite and graphite, the othér practically free from
these minerals, were found to be:—

Specimen No. 1.—Telluride ore, a brecciated red syenite porphyry,
the fracture faces of which are generally slickensided. Native gold and

833695
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gold telluride are visible, closely associated with small amounts of chalco-
pyrite, amorphous molybdenite and graphite. Pyrite is also present but
z’seem?1 to be more closely associated with the porphyry than the other
metallics.

Specimen No. & —A breceiated syenite, the fissures of which are filled
with carbonate and quartz stringers carrying native gold. Pyrite is quite
abundant but does not occur with the fissure material, ev1dently being of
an earlier generation.

Polished Specimens

Specimen No. I.—The microscopic examination of polished samples
shows the ore to have been much fractured. Native gold, gold telluride,
small quantities of chalcopyrite, and amorphous molybdenite are found
closely associated along the minute fissures. These minerals were deposited
at the time of fracturing or at a later period. Invariably wherever telluride
is found, native gold is intermixed. Pyrite is present, associated with the
gangue, and does not as a rule occur witli the other metallics in the fr actures,
so does not appear to be genetically related to these minerals. A few specks
wlhlch could not be identified as galena are considered to be lead telluride,
altaite.

Spectmen No. 2—Ore has been fractured, the fissures are filled with
carbonate and quartz, with native gold associated. Pyrite is also present
but is associated with the original rock and is not found along the fissures.

Thin Sections

Specimen No. 1.—Thin sections show the sample to be mostly alkali
feldspar, quite weathered. Quartz occurs very sparingly. The rock has
been much fractured or brecciated, causing minute fissures, which are
invariably filled with amorphous molybdenite, with which native gold
and gold telluride are intimately associated. Small quantities of chalco-
pyrite are also present. The iron pyrite is more closely connected with
the feldspar and quartz and seems to have crystallized at the same time.

" Considerable sericite is associated with the feldspar generally along the~

contact of the weathered crystals. There is also some chlorite. Graphite
is apparently intermixed with the molybdenite. The genetic relationship
seems to be a feldspar quartz rock carrying pyrite and then a fracturing
and. deposition of native gold, telluride, chalcopyrite and- molybdenite
with a small amount of quartz.

Specimen No. 2—This ore is mostly alkali feldspar, very much weath-
ered, with considerable sericite, which is generally found around and along
the edges of the feldspar crystals. A little chlorite is also present. Quartz
of the first generation occurs in minor quantities. The pyrite is closely
associated with the quartz and feldspar, and apparently crystallized at
the same time as the quartz. The rock has been much fractured. Along

the minute fractures or fissures, native gold has been deposited with -

stringers of carbonate, mostly calcite. In some cases native gold is
deposited along the cleavage planes of the calcite. A small quantity of
secondary quartz is also found in the fissures.
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R = PLATE 111

’ lFxg A No 2 ore, pohshed specnmen, showmg pynte Py, and nauve gold Au, in'a much
fractured gangue, % 150 s

”.'_‘ Flg B No 2 ore thm sectxon, crossed ‘nicols showmg carbonate ﬁllmg ﬁssures, assoclatedf '
. - with native- gold, Ay, balance of section is weat.hered alkali, feldspar, senclte, a J
httle chlont.e a.nd a few grams of pyrlte Py. .

‘ Flg C No 2 ore, t.hm section,’ ordmary hgbt, showmg pynte Py, in quartz, Q, and
: ‘ gold Au, assocxated with calcxte, Ca, balance of sectlon is weat.hered feldspar and -
sencxte . :

o '-l‘xg D No 2 ore, thm secuon crossed mcols showmg pynte, Py, in quartz, Q, gold Au,
assocxated w1t.h calclte, Ca, balance of sectlon is weat.hered alka.ll felds‘par and -
serxcme R : - ‘

R 7.. ’
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Analysis of Specimen No. 1

. Per cent
[ L7 (0 Y cevees 51-3
Aluming AleOa..vevre i et i e e e 17.46
Terric oxide Fez0s..... e et et e s et 4.64
Lime Ca0...... P 1-30
Magnesia MgO ....ovvvvvenns e e e e, 1-80
o7 Te T 7 U RN 0-14
Potash a0, uueeiieriiterenrnrr e rareenesr et iiriiiiisesreiaranes 8-18
Tead oxide PDBO.. . v eeririereearereriieirantiieiiiareeieiierirensn, 0-14
Copper oxide CuO...v.r i eneiiirerinirariiriiiiesiirnieenarsrenes 1-33
Molybdenum trioxide MoQs ........ S PN 1.96
Tellurium dioxide TeOs. .. .o vr et ereinerroanerroneiseresnersrinenss 0-28=0-23 per cent T'e
Gold AW, v...vvvvevinennnnn, et e e 0-33=96-46 0z./ton
Carhon C. oo e 1.80
Sulphur trioxide 8Os, veveernenr e, 9:23
R 2T = Y6 N 0:50
10039
Metallics
Per cent
Molybdenite MoSa, . c.u.vueenrnnirniusegrererniiierttiie it 2-18
Chalcopyrite CuFeSz..... e e e s P e 3.09
TrOn PYTIEE TS v oi ettt vrerars et rananiraarsrass 3-29
Altaite PbTe.............. r et e e 0:23
Calaverite AW eo, . cvvirverirt ittt nnr s i e 0-23
Native gold Aut......oovnee et e e e e ey 0-23
(FC203) + e e v vrevenerninensanasunsensoirisrranssiersnas b eesite s era e areas 0-81
I T AL vt vttt et r e e e veereees..| DOt deter-
mined

No carbon dioxide, antimony, mercury, bismuth, zine or barium.

Analysis of Specimen No. 2

Per cent
[T 2 (0] T I P P 55-00
ALUmng AloO g, s o v vttt e et e s Ceeens 19.89.
Ferric oxide Fe,0s..... N Ve 5-11
501 e 67 A A S 4.00
Magnesia MEO «ovreereirerinraenrnrieenriar ittt 1.80
e £ O P 7-23
11 L £ 70 TR S P 1.78
Sulphur t110xide SO8. 4 ueesnverrrnser ittt 1-68
Carbon dioxide COz..uvereerervveeerenrnesorsraoioirrenrnorsecsiorsneissssan Ceenens 1-80
B2 S = 210 JR A O P 1-20
(075 5 &2 R Nil
99.49.

Carbon dioxide calculated to calcite.........covvvviivienniinns 4-09 per cent

Sulphur trioxide to iron pyrite.......covvviiiviiiniiiiien 1-26 ¢«

(07 1) 1 S O S N 4.00 “

003 3502 5 < S P M 1-25 ¢

......................................................... 79-02 oz. per ton

Silver, not determined.

Traces of tellurium, copper, and manganese. No molybdenum or

barium.
83369—53
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Report No. 197

GOLD ORE TROM THE PROPERTIES OF THE DASSERAT-ROUYN
GOLDTIELDS, LIMITED, ROUYN TOWNSHIP, TEMISCAMINGUE DISTRICT,
QUEBLEC.

R. K. Carnochan

Shipment.—A shipment of 20 bags was received at the Ore Dressing
and Metallurgical Laboratories, July 12, 1923, from the Dasserat-Rouyn
Goldfields, Limited, 77 Trust Building, Ottawa. The shipment was from
the company’s claims, 3421a, b, and ¢, Rouyn township, Témiscamingue
district, Quebec.

The shipment was in three lots, and each lot was assayed and tested
separately, although the shippers claimed that lot No. 1, consisting of one
bag lost in transit and afterwards located and l'e-shipped, was a part of
the original shipment of 19 bags of ore, and that only two lots were sub-
mitted, one of ore, and the other consisting of one bag of wall rock.

The lots as received were as follows:—

Lot No. 1 (high grade), I bag..cv.er i iiii it iiannen 43.5 pounds net
Lot No. 2 (wall rock), 1 571 N 54.5 ¢
Lot No. 3 (low grnde) 18 DS, et ir ittt i, 856-0 “

Chamcteristz'cs of the ore samples—A superficial examination showed
the ore of lots 1 and 3 to possess very similar characteristics of mineral-
ization and gangue constituents and it was quite impossible to distinguish
which lot was the higher grade ore. The ores of both lots consisted of
vein filling, quartz and a dark grey rock material with a considerable
amount of iron pyrites. No copper pyrites or tellurides could be detected.

Purpose of experimental tests.—The object in view in submitting these
samples to the testing laboratories was to determine if the ore was amen-
able to treatment with high recoveries of the precious metal values.

Sampling and analysis.—Each lot was crushed and sampled for assay.
A considerable amount of flake gold was obtained from the sample of
lot No. 1 when preparing it for assay. No flake was obtained from the
sample of lot No. 8. The samples showed the following assay values:—

Gold Silver
0z. per ton | oz. per ton
" Lot No. 1 (high grade)................ ST 4.75 0-66
Lot No. 2 (Wall r0CK) . eu et ittt it ettt it ie it iiia e ecreaenennes trace trace
L0t NO. 8 (oW EIRAE) e ettt e tinitrareiecasttenensarrocnsorenonaees 0-31 0.11

Considering lots Nos. 1 and 3 as belonging to the same shipment, this
would give an assay value for the ore of—gold 0:525 oz./ton, silver 0-136
oz./ton.

Baperimental tests—Lot No. 2, consistinig of wall rock, showed only
traces of gold and silver values. No further work was necessary. Cyanide
tests were conducted on lot No. 3 followed by tests on lot No. 1.
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Test 1, Lot 8.—209-5 grammes of ore, —100 mesh, was agitated for 24
hours in 1000 c.c. water to which had been added 2 grammes of sodium
cyanide and 2 grammes soda ash. After agitation the ore was dewatered
?nl(li washed by means of a suction filter. The results of this test were as

ollows:—

_— Gold Silver
Cyanide tailing.............. e, e trace trace
Recovered by eyanidation.,........... e et s +vv..| 100-0 per cent| 100-0 per cent
Cyanide consumption..............covvvvnnnn.. 3.7 1bs. KCN per ton of ore
Lime i 6-0 1bs. CaO “

Test 2, Lot 32051 grammes of ore, —200 mesh, was treated in the
same manner as described under test 1. The results were as follows:—

E— Gold Silver
Cyanide tailing. .. ...ooviin it i trace | trace
Recovered by eyanidation.......cvvervr i, 1000 per cent| 100-0 per cent
Cyanide eonsumption.................covuen.. 5.0 1bs. KXCN per ton of ore
Lime £ 6+1 Ibs. CaO “

Test 8, Lot 1.—215 grammes of ore, —100 mesh, were treated in the
same manner as described under test 1. The results were as follows:—

Gold Silver
Cyanide tails. .. ..o veiinrnr i iieiiiiirnanss ... 0.03 oz per ton 0:31 oz. per ton
Recovered by eyanidation.............cooviiriniinnnennn, 99.4 per cent 53-0 per cent
Cyanide consumption............ccovveievnnnnnnn, 4.6 1bs, KCN per ton of oro
Lime A N 5.7 1bs. CaO “

Test 4, Lot 1.—244 grammes of ore, —100 mesh, were treated in the
same manner as described under test 1. The results were as follows:—

Gold Silver
Cyanide tailing,....... e, e, 0:05 oz. per ton 0-51 oz. per ton
Recovered by cyanidation......................... R 98-9 per cent 22-7 per cent
Cyanide consumption......... et 3:2 Ibs. KCN per ton of ore

Lime e 5.7 Ibs, CaO “
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Test &, Lot 1.—216 grammes of ore, —200 mesh, were treated in the

same manner as described under test 1. The results were as followsi—

l Gold l Silver

Cyanide tailing............... e e e
Recovered by cyanidation, ... .coooviiiiiiniiiiiiiiiiiiiienns

trace
100-0 per cent

trace
100-0 per cent

Cyanide consumption, . .covvevviviriiinieieennes 3.6 Ibs. KCN per ton of ore
Lime i e e e 6-1 Ibs. CaO “

. SUMMARY OF RESULTS

Heads Cyanide tails Recovery Consumption
Test Lot Gold | Silver | Mesh | Gold | Silver | Gold | Silver |Cyanide| Iime
No. No. | oz. per | oz. per oz. per | oz, per | per per llbs. per|ibs. per .
ton ton ton ton cent cent ton ton
) 3 0.31 0:11 —100 tr. tr. 1000 | 100.0 3:7 6:0
Ziveiiiiin 3 0-31 0-11 —200 tr, tr. 1000 | 100-0 50 6-1
F FN 1] 47 066 —100 0.03 0.31 994 53:0 4.6 5.7
L S 1 475 066 —100 0-05 0.51 98.9 22.7 3.2 5.7
5... 1 4.75 066 —200 tr. tr, 100-0 | 100-0 3-6 G-1
CONCLUSIONS

CONCENTRATION TESTS ON GRAPHITE FROM THE CANADIAN GRATPHITE

The ore was very amenable to treatment by the cyanide process.
Grinding to 100 mesh for the lower grade ore, and to 200 mesh for the
higher grade, gave very low. tailings with very high recoveries of the gold
and silver values. The consumption of cyanide was high, due, very prob-
ably, to the weathered and oxidized condition of surface ore. This con-
‘sumption should be materially lessened in treating fresh ore from below
the zone of weathering and oxidization.

Shipment.—A shipment of six bags, containing 300 pounds of graphite
ore, was received on June 22, 1923, from the Canadian Graphite Corpor-
ation, Guenette, Que. The head office of the company is at 425 Phillips
place, Montreal.

Purpose of experimental work.—The purpose of the test work, on this
shipment, was to check up the results being obtained in their milling
operations, and to determine the percentages of recoverable graphite, in
as coarse a form as possible, with high recoveries of the graphite content.
The management was not satisfied with the results obtained in their
milling operations, and requested the assistance of the Department in
improving their practice: Their greatest concern was with their con-
centrating department, so that only this part of the treatment is con-
sidered in this report. ' '

Réport No. 198

CORPORATION, GUENETTE, QUEBEC
C. S. Parsons and R. K. Carnochan
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Synopsis of milling operations.—A milling plant had been erected on
the property and was in operation- for some time. The method first used
for the concentration of the graphite was the Spearman film flotation
process. This was later changed to the Callow oil flotation process. A
flow sheet of the crushing and concentrating departments of the mill is
given in Tigure 7. The dried concentrates were sent to the finishing
department, which is equipped with polishing rolls and screens.

MINE
Jaw Crusher 2'ring
Continuous Bucket Flevator
Second Crusher /' ring
Storage Bin
Belt :Feea’er

Ball lM_/V/
Bel/ Elevator
Spiral-Classifier
Fine Coarse

Derster lC‘/a'.S'.S'/'/'/Z‘.’/'

I
Fine Coarse

/-Double Length Roughing cell

I
Ta/ls 0;/4!'/-&

/-Primary C/elaﬂ/hg celf

7o Waste

f
TEils O;Jers
/- Jeca/za’ary cel/
7a//s overs ‘
h
Wilfley 7able M/f/e)‘/ 7able :
C'o/:;c.s. M/‘ldds. 7a5/.s 73/!/.s M/'o’ds, Cblﬂc&
/Pele/ - : ”
. : I ‘
Tals Throughs > 7o Waste:

N9/ Conct. Yacuum Vat  Ne2 Conct. Vacuum Vat.

Storage Storage

T
Drier

Fintshing Department

Tig. 7. Flow sheet graphite mill, Canadian Graphite Corporation Limited,
Guenette, Que. Crushing and concentrating departments.

Arrangements for experimental work.—Arrangements were made with
the company to have their resident manager, Mr. R. E. G. Burroughs,
present while the tests were being conducted. . R
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Characleristics of the shipment.—The graphite is of the flake variety,
the flakes being of medium size but slightly smaller than those of the
Buckingham deposits, the gangue was quite siliceous.

- Sampling and analysis.—The entire shipment was sampled by stage
crushing and cutting in a riffle sampler. The sample prepared for analysis
showed it to contain 16-36 per cent carbon.

EXPERIMENTAL TESTS
Test No. 1
Object of test—To obtain a high-grade concentrate and a clean tailing.

Procedure~—~The flow sheet of Figure 8 was followed in conducting
the test.

Reagent used.—To the ball mill while grinding the followmg reagents
were added:—
B e VT3 (Lo 5 1 1 pound per ton of ore
l’ineoil(approx)...............‘......i ..................... i «

The grinding in the mill was done in a pulp dilution of 1:1. The flotation
of the graphite was made in a Ruth laboratory flotation machine.

Results of test. —The results are given in the flow sheet of Figure 8
and in the following table:—

TABLE I
ScrREEN ANALYSIS OF IFiNAYL CONCENTRATE
Weight .| Distribu-.
' Analysis tion of
Mesh per cent C. carbon Remarks

"Grammes [ Per cent content
100, e 53-2 32-4 93.55 | «»  85-5 |Recovery of ear-
~1004+150. e 34-5 2.0 . 93.72 23-0 [ bon in final

=150, i 76-5 46-6 7605 41.5 | concentrate,
- 9485 per cent.
Total.......oovviin 164-2 100-0 84-22 100-0

Discussion of ‘results.—A high-grade concentrate was obtained, with
an exceptionally high recovery, but it is very evident from the screen
analysis of the final concentrate that the repeated grinding of the con-
centrate destroyed an excessive proportion of the large flake in the ore.

" Test No.

Object of test.—To determine the hlghest grade concentrate which
could be obtained and which would at the same time ha,ve the largest
proportlon of flake remaining on a 100-mesh screen.

Procedure.—The flow sheet. of Figure 9 was followed The flotation
concentrate was reground only once and for a much shorter time than in
the previous test.
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Feed - lomesh
Analysis 1636 % C.

Ball Mill tla 20mesh
Rousher F/Iotaz‘/'aﬂ cell
. T T 1
Rougher Concentrate Rougher Tailing
weight 59-40%
Table concentrator Anslysis 0279
FofCvalues  0-96%
. 1
Table Concentrate Table 13iling
weight 24-90% weight 14-90%
Analysis 3-27%¢.
ﬂcwalterea’ 9 of Cvalves 2:93%
Pebble Mitl
Clesner F/|afat/b/7 cell
1%¢ Clesner Concentrate 15¢ Cleaner Tailing
. Weight 5-00%
Oewatered Analysis 20290
Pebble Mill % of Cvalves 0669
I
279 Cleaner cel/
|
Final Concentrate 2% Cleaner Tailing
welght 18-30% weight 1-65% .
Analysis  86:30%C. Analysis 6-03%¢.
Recovery 94859 % Cvolves - 0609

WNote - Table Tailing, /% and 279 Cleaner Talling returned
to Rougher Flotation Cell in practice

Fig. 8. Tlow sheet test No. 1.

Results—The results are given in the flow sheet of Figure 9, and in
the following table:—

TABLE II
SCREEN ANALYSIS OF FINAL CONCENTRATE

' Distribu-
Mesh Weight Analysis tion of
per cent C. carbon
Grammes | Per cent content
98.5 63-3 74.05 62:1
35-0 22.5 79.35 23:5
223 14.2 76-65 14.4

D01 e I 155.8 1000 {.eeerennnn.. 100-0
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SUMMARY OF TESTS NOS. 1 AND 2

_ In test No. 2, the final concentrate contained a much larger percentage
of;the total carbon on a 100-mesh screen than in test No. 1. The figures
are 61 per cent of the total in test No. 2 as compared to only 36 per cent
in test No. 1. The grade of these two concentrates is, however, the reverse.
The material on the 100-mesh screen in test No. 1 assayed 9355 per cent
C. as compared to 74:05 per cent C. in test No. 2. This means that
although a lower grade concentrate on the 100-mesh screen was made in
test No. 2, almost double the amount of graphitic carbon was obtained.

. Feed - /o mesh
Analysis-16-36 } C.

Bal Mill to 20 mesh
Rougher F/lotat/'oﬂ cell

Rougher Concentrate Rougher Jailing
] Weisht 55-20%
Jable Concentrator Analysis 17390C.

Gof Cvalues 5557,

: l I
. Teble Concentrate Table 7ailing
Pebble pil/

Cleaner Flotation Cell

Cleaner Flotation Concentrate Cleaner Flotation Tarling
weisht 610 %

Analysis 24-529¢.
% of € Values  960%

7able 7ailing

Table Concentrator

Table Concentrate

weight 640% ) .
Analysis 7660 % C. : : -
GorClalses  73-00% Combined Table Talling .
weight 22:00%
; Analysis 9-25 %5¢.
Drier . . GofClolues, 11859

Finishing Department

Note :~ Table 7ailings and Cleaner Flotation 7ailings returned
 To Rougher Flotation Céll in practice

Tig. 9. Flow sheet test No. 2.

The 93-55 per cent carbon concentrate from test No. 1 still contains
grit and must berefined before it can be marketed for lubricating purposes.
As both the concentrates must be further refined, the essential point to
be determined is where the concentrating should stop and the refining
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begin. The coarse flake on 100 mesh being worth three times as much as
the finer flake, the efficiency of the milling will depend on the production
of the largest possible amount of clean coarse flake that the ore will yield,
or put another way, the efficiency will depend on the minimum destruction
of the coarse flake during the grinding of the ore to free this flake.

It is quite evident that much more efficient work in this regard can be
done in the refinery where the material is treated in batch lots and each
operation is under,control, than in the concentrator where the operation
is continuous.

Feed - crushed in Jaw Crusher, Rolls,
* and Ball Mil to produce clean
Rougher chz‘l//hg

<

1
Rousher F/f:tat/‘o/z cell

. . 1
o ug/zerl Concentrate Rougher 75/1ing
2o waste

/5t Cleaner cell K

I .
/5% Cleaner Concentrate /¢ Cleaner 7aifing

Table ,Caqceﬂtralors

I ]
7able Concentrates 7able 1ailing
Mixer and Thickener

znd C‘/elaﬂer celf

279 Cleaner Concentrate 219 Cleaner Tailing

7able CIOIICEﬂt/‘aL‘DI‘

Cod
. Final Concentrate 7ab/le 75iting )

) 7able
- Concentrator

£
S

Final Concentrate 7able Tailing
1

Pebble Mill

Table Concentrator

Final Concentrate 78ble 7aiing

70 Refinery
Fig. 10. Tlow sheet suggested for treatment of Guenette graphite.

The writers are, therefore, of the opinion that the function of the
concentrating department should be to crush the ore only fine enough to
obtain a reasonably clean tailing from the flotation rougher cells rather
than to produce a concentrate that containg a minimum of free gangue
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minerals. Middling products will be produced during the operations, and
will consist of true middling, that is, particles of attached gangue and
graphite, which the crushing has failed to free, and of particles of gangue
which were mechanically entangled in the concentrate. The mill should
be designed to divide the middlings into the two classes as far as possible.
The class made up of particles in which the gangue is the largest proportion
should be returned to the circuit and reground to free the graphite. The
second class in which the graphite proportion is the largest, should be
made to report in the concentrate, so that the work of freeing the attached
pieces of gangue will be thrown on the refinery.

One flow sheet, Figure 10, is given, which it is believed, will produce
these conditions, and whlch is suggested for the’ concentration of the
graphite from the company’s property at Guenette, Quebec.

Report No. 199

SDLECTIVD FLOTATION OF THE COPPER-NICKEL ORE OF SHEBANDOWAN
LAKE DISTRICT, ONTARIO

C. S. Parsons

Shipment.—A shipment of 400 pounds of copper-nickel ore was
received January 30, 1923, from Messrs. Jamieson and Peacock, 509
Alworth Building, Duluth, Minn., U.S.A

Location of deposit.—The Shebandowan nickel deposits are situated
at the southwest end of lower Shebandowan lake in the Thunder Bay
district, about 78 miles west of Port Arthur, and about 4} miles south of
the Canadian National railway, on mining claims TB 2192, 2204, 2219
and 2240.

Purpose of experimental tests—Experimental tests were conducted
to determine whether the ore could be concentrated and a high-grade
copper-nickel concentrate obtained with a satisfactory recovery of the
values. Previous work on the ore, the results of which are given in the
Summary Report for 1922, page 157, Test No. 172; showed it to contain
appreciable amounts of precious metal values, especially platinum and
palladium. The tests were conducted o determine also whether the
precious metal values were being concentrated with the copper, nickel,
and cobalt values, by selective flotation.

Character of the ore.—The ore is mainly iron pyrite, chalcopyrite, and’
pyrrhotite, in a gangue of alumina, magnesia, and lime silicates. It carries
variable percentages of nickel, copper, and cobalt, and precious metals of
the platinum group.

Sampling and analysis.—The shipment was crushed to three-quarter
inch and cut to 44 pounds. The 44-pound sample was crushed to 20 mesh
and a sample of four pounds cut out for analysis. The analysis of this
sample was as follows:—

Aluming.............. 10-15 per cent
ime......... PRI 2-50 ¢ '
Magnesig............. 7-64 ¢
Gold.........ocvvunn 0-01 oz. per ton
Platinum............. 0-03 “

Palladium............ 0-048
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ExprRIMENTAL TmsTS

Tests Nos. 1 and 2 were made to determine whether a high-grade
copper-nickel concentrate could be obtained by selective flotation. The
procedure was as follows: 1,000 grammes of the ore crushed to 20 mesh
was ground in a small ball mill with the flotation reagents for 30 minutes.
The pulp density in the mill was one of solids to one of water. The re-
agents used for test No. 1 were:—

e, 5.0 1bs. per ton
Barretts No0. 634, ... .0ueeerrreeiiiieeeiiiii i 0:5 «
T INIXBULC. o vttt e et e e e e 0:15 «

5:0 lbs. per ton
0_5 [
0-15 “

The results are given in the following table:—

. Percentage of Total
Analysis values recoveries
Test Weight s Cu. s Cu, +
No. Product per cent| Cu. Ni. + Ni. 4 + . |Cu. 4| Cu. Ni. + Ni. 4
Co Ni. 4135 Co.
per | o Co. | Cu. Co N(lj' + pert per Co.
cent per ‘ 0. | cenw per
cent cent cent cent
1 |Concentrate.......... 25-7| 6-35| 9.88( 16-23| 83-0| 92-1| 88.3 83.0| 92.1| 88.3
Tailing.,............. 74:3| 0-45] 0-24}...... 1701 7.9
2 |Concentrate.......... 30-7| 5-00[ 8-56) 15-36/ 88-3| 95.5| 92.7
Middling. .. .......... 17-00 0-58] 0-30]...... Bl 1.9, } 91-1) 96-4; 94-4
Tailing............... 52-3] 0-201 0-14]...... 6-0| 26

Assuming the nickel mineral to be pentlandite, and the iron pyrrhotite,
and taking the analysis of the ore and the tailing of test No. 2, the follow-
ing percentages are arrived at:—

: Per cent Per cent

Mineral ore tailing
Pentlandite with cobalt..............uvviereeunnneiiesiieiaeennn, 14.22 0-64
Chaleopyrite.....oo ettt 5:71 057
Pyrrhotite. ... ....veuti e 23-25 11-97
GanBUe...uoev et ieeeeeeanennns FS 5672 86-82

These figures show that 36-1 per cent of the pyrrhotite has been
eliminated in the tailing together with the gangue silicates.

CONCLUSIONS FROM EXPERIMENTAL TESTS

A high recovery of the copper, nickel and cobalt values was made in
a good grade of concentrate. The recovery of copper is not as good asg
that obtained on the Sudbury ores, probably due to oxidization. Thirty-
six per cent of the pyrrhotite has been eliminated in the tailing, together
with the gangue silicates. This elimination of pyrrhotite, if practically
barren of precious metal values, together with the gangue minerals, is
very desirable for subsequent smelting operations.
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~ Continuous grinding and flotation tests will be made on the ore, and
the precious metal values in the flotation products determined, to prove
whether these values are recovered in the concentrate. -

Report No. 200

THE CONCENTRATION OF MOLYBDENITE ORE FROM THE PROPERTIES
OF THE MOLYBDENITE REDUCTION COMPANY, NEAR AMOS,
QUEBEC
‘G. S. Parsons

Shipments.—A shipment of molybdenite ore of about ten tons, in
three separate lots, was received at the Ore Dressing and Metallurgical
Laboratories, Mines Branch, Department of Mines, Ottawa, August 24,
1923. The shipment consisted of the following lots:—

" Lot Number | Net weight Locality from which samples were
No. bags Ibs. taken
1 150 12,064 (Shaft dumps from veins Nos. 4 and 4a, La Corne township.
2 75 6,070 |[Twelve other veins in La Corne township.
3 25 2, 05{2 Two veins in Malartic township.
Total 250 20,186

The three separate lots were supposed to be average and representa-
tive samples of the ore from the company’s properties in La Corne and
Malartic townships, Abitibi district, Quebec.

Purpose of experimenial fests.—The object in conducting experimental
" tests was to determine whether the ore was amenable to treatment by
flotation, with the production of a high-grade marketable product and a
high recovery of the molybdenite values. Small scale preliminary tests
plekusly made had shown very encouraging and satisfactory results.
Tonnage check tests, or tests on a much lzugel scale were desired, and if
satisfactory vesults were obtained, the installation of a treatment plant
on the company’s properties was contemplated.

Arrangemants for experimental tests.—Arrangements were made where-
by the company’s consulting engineer, Mr. H. H. Claudet, would co- -operate
with the officials of the Mines Blanch in supervising the whole operations
with respect to the experimeiital work on this ore, and who would submit
to the company a separate report describing in detail the operations in-
conducting the mill runs and the results obtained. A copy of his report
was to be filed with the Department for reference.

Characteristics of the ore—A superficial examination shows the three
lots of ore to possess very similar characteristics with respect to molyb-
denite content and gangue. The latter consists of quartz, a_considerable
amount of sericite (a thin flale mica), a little iron pyrites and tourmaline.
TFeldspar and fluorite are also present in small amounts. The molybdenite
is associated mainly with the .sericite, although it occurs with the quartz
and other gangue minerals in smaller amounts. The molybdenite flake
is quite heavy but not usually large. Molybdite—the yellow oxide of
molybdenum and iron—occurs in such small amounts that it is of no com-
mercml importance. :
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Sampling and analysis.—The three lots were sampled separately. They
were reduced first in a Blake crusher set at three-quarter inch and in rolls
set at three-sixteenth inch. A tenth part was cut out by a Vezin sampler.
By stage grinding and cutting after each stage of reduction, samples of
about 100 grammes ground to 150 mesh were submitted for analysis.
The analysis of each lot was determined as follows:—

lTlc;z;lal
moyblenum [ yiolyhdite | Molybdenite
Lot No. (Mo) as y
molybdenite MoOs Mo,
(MoSz)
Per cent Per cent Per cent
L 233 0-014 2:316
e e e e e e 1-52 0-027 1-493
. 7 1-88 0-023 1.857

Experimental tests—The method used for the recovery of the molyb-
denite content in this ore was one that is considered to be the best practice
for concentrating molybdenite ores. It consists of crushing the ore in
primary crushers, grinding in ball mills in close circuit with classifiers*to
the required fineness to free the molybdenite, and floating the molybdenite
from its gangue by the oil flotation process. The flow sheet used was as
follows, with slight modifications for the various runs:—

Ore
Frimary crushers

fardinge, ball mill

Dorr classiffer in lc//*ou/z‘ with ball mil/
/?o//gA/'/}g cel/
. /‘i’aagﬁe/" cone.  first m//glﬁep tarlings
- Rouygther cell

/‘?oz/gﬁl r conc.  Jalfing z‘olwasz‘e

first cleaner cel/

First cleaner conc.  First cleaver aings
Second ¢ eaner celf
,C/eanél’r' conc.  Second cleaner 2557/7/}75;53
100 mesh liVef screen
¢ Fnished cone. 77 ﬁm;z/g/ﬁs

Note - ft may be advisable b dispense with the /00mesh wet screen
as s ore contains very /itdle impuribies, such as iron pyrites
.and a fygh grade concerntrate should be prodiced without the
addition of the screen.

Tig. 11. Tlow sheet of the Molybdenum Reduction Co’s. mine, Amos, Que.
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Lot No. 2, consisting of 5,942 pounds, was run first, followed by
Lot No. 3, of 1,989 pounds. These two lots were considered as one run,
as Lot No. 3 was too small to make a separate run. A partial clean-up
of the plant was made before running Lot No. 1, so that the concentrates
could be kept separate and an idea of the results on the smaller lot obtained
in order to make any changes in operation considered necessary before
1'unning the larger lot. Lot No. 1 consisting of 11,826 pounds was run last. -

It is a very difficult matter in a run of a few tons, to obtain ideal
operating conditions at once. The nearest approach to actual mill con-
ditions is the best results obtained over any one period of time during the
operations. It is also difficult to obtain a full recovery of mineral, owing
to a considerable portion of the pulp remaining as residue in the ball mill,
in the elevators, in the classifiers, in the cells, pipes, etc., and losses which
would not occur in practice under continual operation are inevitable in a
short mill run. In order to keep these losses as low as possible, it was
decided to consider all three lots together, and to make only one clean up
at the end. This clean up was figured as a residue, and the molybdenite
content in it determined.

The presence of considerable sericite, especially in Lot No. 1, pre-
sented another problem in the concentration of this ore. Consisting of
thin flakes of mica, if recovered in the operations it would mean a valuable
by-product worthy of consideration. In running Lot No. 1, an effort
was made to produce a mica product from the second rougher cell, and
this product is considered in the recapitulation of the results. Sufficient
of this product was not produced to have any bearing on the results of
the tests, and as the recovery of the molybdenite was of first importance,
this problem was left for future consideration.

Results of experimental tests—The following tables give the detalls of
the results from the test operationg:—

Lot No. 1—

Net weight received. .. .ooviiiiii it iiiiiiiiiniens -12, 0064 1bs.
Deduct loss during sampling due to amount of sample,
dust, floor sweepings, etc........oiiiiiiiiiin, 38

Net weight to ball mill. . ot vr i iiiiieii e iineens C... 11,8261bs.

Lot No, 2—

Net weight received....ocoooviiiiiiiiiiiiiinenine. 6,070
Deduct I05s 28 8D0Ve. vuriveriieiii i iinincnnns 128

Lot No. §—

Net weight received. o iiieiiiniiiieiiinrcnennnn 2,052
Deduct 1085 48 8bOVO...vveriiirciiiiiniiiiiiiiiaaans 63

Net weight to ball mill...... et ea ey 1,989
Total weightto ballmill....oveovr ittt ice e 19,757
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WeigaTS, Assays AND CONTENT oF ORE TREATED

Neb weizht|  *A Molybdenite content
et weig) S52y
Lot No. to mill MoS: Lbs. per Total
ton content
Lbs. per cent
Too.loeeee, 11,826 2.316 46-32 273-89
e 5,942 1.493 29-86 88-71
. 1,989 1.857 37-14 36-93
Totals and averages.......... 19,757 2-02 40-40 399.52

*Nore.—Molybdenum present as oxide deducted.

WeicaTs, Assaxs AND CoNTENT oF MorLyspENITE CONCENTRATES OBTAINED

Dry Assay Content
Product RunNo. | ooite | ‘MoSs MoSs
Lbs. Per cent; Lbs.
Concentrates produced from lots Nos. 2 and 3. 1 33-0 8440 27-85
2 32:0 89-48 28-63
3 34-0 91-35 31-06
99-0 88-40 8754
Concentrates produced from lot No. 1......... 4 275-5 91-80 236+39
Total concentrates produced.......o..feevevneenn.. 356-5 90-80 323-93

WeicaTs, Assays, CoNTENT AND PercENTAGES—ToTAL PRODUCTS OBTAINED

Net | A Content, | of toat
[ ssay ontent of tota
Product weight | MoS; | MoSy | MoSs
in ore

Lbs. Per cent Lba,

Total concentrates obtained..........cooueun.. 3565 90-80 32393 81-08
Mica product from rougher cell lot No. 1...... 164-0 287 3-89 0-97
Resgidue—clean-up of mill.... ................ 1,089-5 3:75 40-82 10-21
Tailings, weight by difference................. 18,147 0-10 18-16 4.54
Loss, unaccounted for........... PR CIP Y PN 1274 3:20
Totals and averages......o..ev.v.n....| 19,757:0 2-02 399.53 10900

SUMMARY OF RESULTS

The results of the mill run show the following:—

With an average mill feed of 2-02 per cent molybdenite, a concentrate
averaging 90-8 per cent molybdenite was obtained with an average tailing
over the whole operations of 0-10 per cent molybdenite. This is equiv-
alent to a recovery of about 95 per cent of the molybdenite content of the
ore.

The grade of the concentrates produced was above the usual market
requirements, which call for 85 per cent molybdenite. As the test proceeded
the grade gradually increased from 84-4 per cent molybdenite in the
first run, to 91-8 per cent in the fourth run, and there were no doubt

83300—0
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intervals in the latter run where a higher grade was being produced, show-
ing that. with continuous operation under more ideal milling conditions,
improvement on the grade produced in this test run could be expected.

Considering the grade of the ore, 2:02 per cent molybdenite, the
average tailing of 0-10 molybdenite obtained was most satisfactory. In
the first run, the tailing was higher than the average, being 0-14 per cent,
molybdenite, while as the test proceeded a lower tailing was being pro-
duced, and in the fourth run a tailing of 0-07 per cent molybdenite. was
being made, showing that with continuous operation a lower tailing assay
could be expected.

The tables, giving the results from the mill run, show an unaccounted
loss. This is due to unavoidable spills and leakages during operations on
such a small quantity of ore. They also show a residue from clean-up
operations, containing considerable molybdenite, that is not recovered
in a test of this nature, but which would not occur in the operation of a
molybdenite mill. In continuous operations there would be only two
products, namely a marketable concentrate, and a tailing, so that the
only way to arrive at the percentage recovery is to caleulate it from the
tailing assay. Taking 0-10 per cent molybdenite, as the average tailing
obtained, this would give a recovery of 95-2 per cent of the molybdenite
values in the ore.

CONCLUSIONS

The ore received for the mill run is of an exceptionally good grade’
slightly higher than the average for molybdenite ores in Canada. It is of
a different character from the majority of Canadian ores, in that it is
associated mainly with sericite and quartz, and is quite free from other -
sulphides. In this respect it can be classed as a clean ore. .

It is very amenable to concéntration by flotation. Its physical char-
acter, and the absence of appreciable quantities of other sulphides such as
copper and iron, make it an attractive milling ore. It is not difficult to
grind, the molybdenite being freed at about 40 mesh. These character-
istics permit of an exceptionally high-grade product being produced with
a very high recovery of the molybdenite.

Report No. 201

THE CONCENTRATION AND TREATMENT OF ARSENICAL GOLD ORE FROM
BATHURST, NEW, BRUNSWICK :

J. S. Godard

Shipment.—A. shipment of 200 pounds of arsenical gold ore was
received May 80, 1923, from Dr. L. D. Densmore, Bathurst, N.B. The
ore oceurs ten miles from Bathurst, on Stevens brook, in Beresford parish,
Gloucester co., N.B.

Purpose of experimental tesis—The object, in conductmg experlmenta1
tests, was to determine whether a marketable arsenopyrite concentrate
could be obtained, and also whether the precious metal values could be
recovered from the ore or concentrates before shipment to the smelter, or
before subsequent refining operations for the recovery of the arsenic. As
a general rule smelters and refiners of zusenml ores make no allowance
for gold content under $10 per ton.
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Characteristics of the ore.—The ore consists of arsenical pyrites with a
congiderable amount of iron pyrite in a siliceous gangue. Sma}l amounts,
of gold and silver values are present.

Sampling and analysis.—The shipment was crushed t0- one-half 1nch»
in a laboratory jaw crusher and a sample of 23 pounds cut out in a Joneg
riffle sampler. The sample was reduced to 65 mesh and a small sample of
200 grammes cut out. This latter sample was ground to 150 mesh and
assayed. Analysis showed the ore to contain:—

ATBENIC. .ottt e e 15‘-19 percent -
€7 1 0-07 oz. perton ' "¢}
1SR 1.75 “ i

bt

EXPERIMENTAL TESTS o
Test No. 1.—Cyanidation of the crude and roasted ore

Purpose—To determine the amount of gold and silver values tha.ﬁ’
could be recovered by cyaniding, first, the crude ore, and, second; the
roasted ore.

First: Cyanidation of the crude ore

Procedure.—A sample of 543 grammes was cut from the 23 pounds of
the ore crushed to 65 mesh. 100 grammes of this was taken and agitated
for 24 hours with the following:— ‘

500 c.c. of 0-25 per cent KCN solution
1-2 1b. per ton of lime

Results—The solution at the end of agitation was tested for cyamde
and lime. It showed a slight acid reaction and complete consumption of
the eyanide. Assay of cyanide tailing:—

[T PPN 0-020z.perton '
1:05 “ !

(€)1 71.4 per ecent ‘
40-0 “ .

Second: Cyanidation of the roasted ore

Procedure.—A. sample of 70 grammes of the roasted ore, containing
arsenic 1-02 per cent, gold 0-10 oz. per ton, silver 2- 46 oz. per .ton, was
agitated for 24 hours with the following:—

500 c.c. of 0-25 per cent KCN solution
1 1b. per ton of lime

Results.—On completion of the test the solution was found to be
acidic and showed a complete consumption of the cyanide. Assay of
cyanide tailing:— . -

1610 1 004 oz. per ton
1-86 “«

Gold........... N 600 per cent
2.4

83360—6%
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Summary.—In both cases the recoveries are low. The solutions were
found to be acidic at the completion of the tests. The acidity would
destroy. the free cyanide which accounts for the poor recoveries. Lower
recoveries on the roasted ore are due to the more rapid consumption of the
free cy‘mlde by soluble sulphates formed during the ro‘tstlng

Test No. 2 — T'able concentration

Purpose—~—To determine whether the ore could be concentrated by
tabling with the production of a high-grade arsenical product, carrying
the gold and silver values.

Procedure.~—1600 grammes of the ore previously crushed to one-half
inch was further ground to 40 mesh and sized on 80 mesh, making two
sizes, viz.: 720 grammes —40-+80 and 880 grammes —80 ‘mesh. Each
size was tabled separately.

Results.—Are shown in following table:—

Wesahs Analysis Percentage of values
Product g
per cent| As. Au, Ag.
per cent] oz. 0%, As. Au. Ag.
Concentrate +80 .................... 27.8 | 24.00 0-10 1 43.5 41-5 28-0
Concentrate —80. e 26471 24471 0:09 1.83 43:81 .359 29.0
Tmllng +80...... e 15-4 2:13 0-01 0-60 2:1 23 5.5
Tailing —80.. e 188 3-94 0-03 1.52 4.8 8.4 16-9
BlMES, v et 11.3 8:02 0:07 3 5.9 11-8 20-6
Ratio of CONCENbIAtION ., vvierierivreriiiiiaeieriiiieeiroriteeneiserrseintesseneiornas 1:1.8

Average grade of concentrate..,As. 24.35 per cent Au. 0410 0z, per ton Ag. 1.76 oz. per ton
Recoveries in concentrate......As. 87-1 ¢ Au.76:5 pereent - Ag.57:0 percent

Summary.—Table concentration does not give a very high-grade
concentrate, due to the presence of a considerable amount of iron pyrite
which reports with the arsenopyrite. The gold content is slightly higher
in the coarse concentrate, but the silver tends to go with the finer material.
The slimes contain 20-6 per cent of the silver values.

Test No. 83.—Jig and table concentration

Purpose—To determine the grade of the concentrate and recovery
of the values by jig and table concentration of the sized products.

Procedure.—A sample of 40 pounds of the half-inch material was cut
out and reduced to 4 mesh. It was closely sized, using Tyler
standard screens, from 4 mesh to 100 mesh. Sizes coarser than 20 mesh
were jigged, sizes finer than 20 mesh were tabled. Jig tailings were re-
ground to 20 mesh, sized and tabled. Concentrates and tailings were made
from each size.
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Resulis.—The final results obtained on the combined jig and table
concentrates and tailings are shown in the following table:—

Produt Weizht Analysis Percentage of values
por cent perA g;:nt f;;.‘ gzg As. I Au. Ag.
Combined concentrate.............. 63-8 | 22.656 | 0-083 2.06 91-1 87-3 86-7
Combined tailings.................. 31-9 2-40 | 0-024 0-62 8-9 12.7 13-3
Ratio of coneentration. .....ooeveiiiivinniiiiiirniiiniiiiiiiiiiiienss 1:1.56

Summary.—Compared with test No. 2, jig and table concentration of
the sized material gives a higher recovery of the arsenic, gold, and silver
values, but the grade of the concentrate so produced is not as high as by
straight table concentration.

Test No. 4—Cyanidation of the coarse concenirate

Purpose.—~To determine whether the gold and silver values could be
recovered by leaching with cyanide solution.

Procedure—500 grammes of concentrates —28--35 mesh were leached
with 0-25 per cent KCN solution. The first leach was for 24 hours. A
second leach for 19 hours was given with partly used cyanide solution.
The residue was washed twice, first with 0-05 per cent KCN solution
and the second wagh with 0-04 per cent KCN solution. The residue was
then washed free from cyanide, dried and assayed.

Results—The results of the test are shown below:—

After
leaching

Before

Metal Jeaching

| Recoveries

oz, per ton
0083
2.068

oz. per ton
0-046
1-21

per cent
44.5
41.3

(€10 [ R P

8 lbs., per ton
9.5 13

Test No. 6—Cyanidation of the roasted concenirate

Purpose.—To determine whether the gold and silver values could be
recovered from the roasted concentrate by cyanidation.

Procedure—A series of preliminary tests were made on the roasted
concentrate to determine the quantity of lime to be added to maintain a.
working protective alkalinity. It was found that lime equivalent to
18 Ibs. per ton of roasted concentrate was required. A series of tests were
made giving the roasted concentrate water washes to remove soluble
sulphates and thus reduce the amount of lime required for cyanidation.
Tests were made on the washed roasted concentrate using 0-05 per cent
KCN solution and lime equivalent to 8, 10 and 12 Ibs. per ton respectively.
The time of agitation was 24 hours.
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i Results—The concentrate previous to roasting contained: Gold,
0-083 oz. per ton, silver 2:06 oz. per ton. After roasting: Gold, 0-094
oz. per ton, silver 2:60 oz. per ton.

Before cyanidation Afte;- cyanidation Recoveries
an’lplo No.
_ Au. oz. | Ag. oz, Au. oz. | Ag. oz. | Au. per centjAg. per cent
0-094 2:60 0-023 2-08 756 20-0
0-094 260 0.023 1.88 75.6 27-7
0004 2:60 0:023 2.14 75-6 17-7
The eyanide and lime consumption was as follows:—
I R
’ KCN Ca0
Sample No. Per cent Per cent |Lbs. per ton{Lbs. per ton] Per cent |Lbs. per ton
before after consumed before after | consumed
0-020 1-80 - 8 0-0065 -63
0-020 1-80 10 0-025 8.51
0:016 2-04 12 0-024 10-57

Test No. 6—Cyanidation of the fine concentrate

Purpose.—To determine the recoveries of gold and silver values, using
varying strengths of solution and lime equivalent to 15 lbs. per ton.

Procedure.—500 grammes concentrates were ground to pass 100—mesh

screen.

Three lots of 100 grammes each were agitated for 24 hours in

0-05, 0-10 and 0-20 per cent KCN solutions respectlvely, with lime
eqmvalent to 15 Ibs. per ton in each case.

Results—The results were as follows:—

. Before cyanidation After cyanidation Recoveries
Sample No. Au. oz. Ag. oz, Au. oz. Ag. oz. Au, Ag.
per ton per ton per ton per ton per cend _per cent
0-083 206 0-047 1.45 43-4 29-6
0-083 2:06 0-052 1.48 37.3 28-2
0-083 2-06 0-047 1:05 43-4 49-0
The cyanide and lime consumptions were as follows:—
KCN Ca0
. Sample No. Per cent Per cent |Lbs. per ton|Lbs. per ton; Per cent ‘|Lbs. per ton
“ before ter I consumed before after consumed
005 Nil 3:0 15 neutral 15-0
0-10 0-01 5+4 15 0:0023 14-9
0-20 0-024 10-6 15 0-0024 14-8
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Summary of cyanide tests on concenirale.—The best results were
obtained by giving the roasted concentrate a water wash to remove
soluble sulphates. Cyanidation of the washed concentrate gave a recovery
of the gold of 75-6 per cent. Considering the low value of the gold content
in the concentrate, it is questionable if it would pay for its recovery.

Flotation and Table Concentration Tests

Purpose—To determine whether the ore could be concentrated by
flotation and tabling with the production of a high-grade arsenical product
carrying the gold and silver values.

Procedure:—

Test No. 9.—1,000 grammes of the ore ground wet in ball mill to 48 mesh with flotation
reagents; floated in laboratory Ruth machine making concentrate and
tailing, Talllpg concentrated on laboratory Wilfley table.

Test No, 10.—Same procedure as test No. 9.

Test No. 12.—1, 000 grammes of the ore ground wet in a ball mill to 48 mesh with flotation
reagents, floated in laboratory Ruth machine making concentrate and
tailing; rougher concentrate recleaned making concentrate and middling;
pulp enslty 1:3.

Test No. 18.—~1,500 grammes of the ore ground wet in ball mill to 48 mesh and screened
on 100-mesh- screen; the --100-mesh material was concentrated on labor-
atory Wilfley table making a clean concentrate and a tailing. The table
tailing was mixed with the —100-mesh material and floated in laboratory
Ruth machine making a concentrate and tailing. The rougher concentrate
was recleaned making a concentrate and mid lmg.

Test No. 14,.—1,000 grammes of the ore ground wet in ball mill to 100 mesh with flotation
reagents, floated in laboratory Ruth machine, the rougher concentrate
being refloated making a concentrate, middling and tailing.

Test No. 15.—642 grammes of the ore ground wet in ball mjll to 48 mesh with flotation
reagents; floated in laboratory Ruth machine, the rougher concentrate
being refloated making a concentrate, middling and tailing,

Reagents Used for Flotation Tests

Test No. 0. —Tar 01, . .. iuirvnriieireiirirenenrneensneree 050 1b. per ton
FUIMOL INO. Buvevrrenenrineneeseencncercnannons 2  drops
H:80s..... et ettt et e, 18  1b. perton
Test No. 10.—Barretts No. 684....0ueevieniinienirnnrneinrenns 0-50 1b. per ton
Fumol NO. 6.vvvvnnr v vinieniinerinneerennneanss 2 drops
7 0 7 T N 18 Ib. perton
Test No. 12.—~Water-gas tar, 50 per cent; Coal tar dreosote, 50
per cent,. .. 0-50 1b. per ton
Fumol No 2  drops
H.S04.. 15  1b. per ton
Test No. 13.—~Barretts No. 634 . 0-50 1b. per ton
Fumol . 2  drops
H:S04 . e veve.. 18 b, per ton
Test No. 14—Coal tar, 40 per cent; Coal tar creosote, 60 per cent  0-50 lb. per ton
Pine ofl N0, 850...vuevrenerenrnenrneriannnnenins 2 drops
2 01T 0 18  1bs per ton
Test No. 15—Coal tar,....covviiiiiiiierniiniiinanan., ereens 0+50 b, per ton
TUMO] NO. Beverear i ceieeirneierenranenenees 2 drops

YT 0 T 18  1b. per ton
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Results.—The results of the tests are shown in the following table:—

Tesh Weiht Analysis Per cent of values
5] Weigh
No. Product . D.C. As. | Te. | Au. | Ag.
pec. | pc. | oz | oz | As. | Au. | Ag.
9 |[Ilotation concentmte 55:0f 30-52 35-7'5 0-10 | 1.85] 88-0
Table 2-8] 27:09] 32-93} 0-07 | 3-38] 4-0
Tmlmg................. 42.21 3.63|...... 0-01 1:.14] 8-0
10 |Flotation concentmte ............ 586 30-07| 34-74] 0-11] 1.95( 91.4
Table . 0-9¢ 29-16| 32.93[ 0-07] 2.62 1:3
Tailing...oooverinennnnn... . 40-5| 3-58}...... 0-005f 0-98] 7.8
12 I‘lotutmn concentrate. ... RPN 39-3( 32.00]. 65-0].
middling, . .. 22.5| 25-40 29-5|.
« toiling,..oevvn i iinn. 38-2| 2.79 5.5
13 |Table concentrate,. 17-3{ 30-91 31-8| 25-4 Fe,
I‘lomtlon concentlate 27-2| 26-83 43.1] 40-3 Fe.
middling,. .. 15.9] 19-76 18:7} 20-3 Fe.
€ tailing i 39-6; 2-69 6-4f 14:0 Fe.
14 I‘lotatxonconcentmte 47.3| 29.22 76-4] 69:6 Io,
middling...... . 16-3} 14-45 13-0) 14.7 Fe,
o tailing......oovvnenninn. 36-4| 5-41 10-6] 15-7 Fe.
15 |Flotation congentrate 46-8| 32-91 754l
middling.. . 17-0| 18+65 1550 ... ..
« tailing..oooiiviinnina . 36-2f 5-12 9:1f......0..

SUMMARY OF FLOTATION AND TABLE TESTS

The results of the above tests show that an arsenical concentrate,
containing 30 per cent arsenic, 0-11 oz. gold and 1-95 oz. silver, can be-
obtained by flotation at 48 mesh and tabling of the flotation tmhng The
recoveries of the values in this concentrate are about 92 per cent of the
arsenic, 93 per cent of the gold, and 70 per cent of the silver values in the
ore. The amount of sulphuric acid necessary to float the arsenopyrite is
high, but no satisfactory ﬂotatlon results were obtained without its use
in liberal quantities.

Flotation at 48 mesh gives better results than when- finer grmdmg -
is done. :

GENERAL CONCLUSIONS

It does not seem advisable to cyanide the crude ore, or the concentrates
either crude or roasted, as they do not contain sufficient values to pay for
the cost of operation.  The recoveries are low and the cyanide consump-
tion high. The best results were obtained on the washed roasted con-
centrate where 76-5 per cent of the gold values were recovered.

. The simplest and cheapest method of concentration is flotation at
48 mesh and tabling of the flotation tailing. An arsenical concentrate is
produced, containing 30 per cent arsenic with a recovery of 92 per cent of
the arsenic values. This concentrate would probably stand shipment to
the arsenic smelters at present market prices for arsenic content in crude
concentrate.
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Report No. 202

THE TAILING DUMPS OF THE NAUGHTON GOLD MINTE, NAUGHTON,
ONTARIO

C. 8. Parsons

The Naughton gold mine is situated 12 miles from Naughton station
on the Soo branch of the Canadian Pacific railway. There is a good wagon
road to the mine from the station, but at present a number of the bridges
have been washed out, making the road impassible except in‘winter. The
best method of reaching the mine is by wagon road from Sudbury or Naugh-
ton station to the Indian reserve on Black lake, and by canoe across Black
lake, Round lake and Long lake, on which route there are two short port-
ages. The mine is about a mile southeast of Long lake.

A visit was made to the mine on August 3, 1923, for the purpose of
sampling the tailing dumps and estimating the available tonnage that
could be reclaimed. It was reported that the dumps contained a large
tonnage, assaying 10 per cent arsenic and 0-2 oz. per ton in gold.

Observations—The mine had been abandoned, the mill and other
buildings torn down and the equipment removed. The tailings were in
two main dumps, in a creek bed below the mill. They were held back by
a retaining wall 100 feet below the mill, and by a dam one-half mile farther
down the creek towards Long lake, and into which the creek entered. A
certain amount of concentration had taken place in the dumps, the coarser
sulphide minerals remaining in the upper dump, the sand, gangue minerals
and slime being washed down by the creek to the lower dump.

Estimate of recoverable tonnage—The upper dump covers an area of
13,800 square yards and in places would be 12 to 15 feet deep. Tiguring
on an average depth of 7 feet, this dump would contain approximately
40,000 tons that could be reclaimed. The lower dump covers a consider-
able area along the banks of the ereek, and in the basin above the dam.
It is estimated that the area is about 35,000 square yards, and figuring on
an average depth of 3.5 feet, the dump would contain approximately
55,000 tons that could be reclaimed. The total reclaimable tonnage from
the two dumps would be approximately 95,000 tons.

Samples and analysis.—Eight samples, numbers 1 to 8 inclusive, were
taken from the upper dump, and four samples, numbers 9 to 12 inclusive,
from the lower dump. These samples were so taken that they should be
fairly representative. The analyses are as follows:— .

TABLE I
Arsenic Iron Sulphur Gold Silver
Sample No. per cent per cent per cent | oz, per ton | oz. per ton
2:09 7-93 6-22 0:08 0:02
3-23 11.59 9.23 0:12 0-02
7.81 14-64 11.38 0-17 0-04
7:49 20-74 19.58 1.14 0-12
7-53 13-83 9.75 0:26 0-04
3-02 9-96 751 0-08 0-02
1.53 7-32 5.94 | 0-06 trace
1-06 4.88 4.64 0-04 trace
522 17.98 15-44 0-18 0:04
0-50 4.67 3:66 0-04 trace
1-74 5:69 3:24 0-04 trace
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Composite samples for conceniration lests—Composite samples were
made up from the samples from the two dumps, for the purpose of making
concentration tests to determine the grade of concentrate that could be
produced by a simple means of water concentration and to determine the
recovery of the arsenic and gold values. These samples showed the follow-
ing analyses:— ’

. TABLE II

Arsenic - Iron Sulphur ‘ Gold Silver -

Deseription of sumplo per cent per cent per cent | oz. per ton | oz. per ton

Composite sample upper dump 1-8 3-92 8:90 12-02 0-15 trace
Composite sample lower dump
S 2-24 8:90 8.94 0-08 trace

Concentration lests.—The composite samples were run on a small
Wilfley table without classification or sizing. The results are shown in
the following table:— ’ '

TABLE IIX

Analysis Per cent of values

Weight : 3 :
Product per cent| As S Fe. |Au.oz|Ag.oz| ,o © Au

per cént per c"ent per cent| per ton | per ton

Table test on combined
samples Nos, 1-8 in-| .
clusive— .

Concentrate..oovovvu..s 14.4 | 15.28 1 31.27 41-68 0:48 | trace 62:9 57-3
Tailings.cvves oo vevannen 85-6 152 446 6-51 0-06 | trace 37.1 42.7

Table test on combined
samples Nos. 9-12 in-

clusive— .
Concentrate..,....vv... 8:5 8:15 36:0 | 42-31 0-26 | trace 22.7 28-8
Tailings,cvve s connenans 91-5 1.94 3.79] 5.30 0-06 | traee 773 7.2

CONCLUSIONS

‘The Naughton tailing dumps contain an estimated tonnage that could
be reclaimed of 95,000 tons, 40,000 tons of which are in the upper dump,
and 55,000 tons in the lower dump. '

. The upper dump shows an average. analysis of about 4 per cent
arsenic and 0-15 oz. per ton gold. :

The lower dump shows an average analysis of about 2-25 per cent
arsenic and 0-08 oz. per ton gold.

© A concentration test on ‘a composite sample from the upper dump
shows & ratio of concentration of 1:7, a grade of concentrate 15:28 per
cent arsenic and 0-48 oz. per ton gold, with a recovery of 62-9 per cent
of the arsenic values and 57-3 per cent of the gold values.

A concentration test on a composite sample from the lower dump
shows a ratio of concentration of 1 : 12, a grade of concentrate 6-15 per
cent arsenic and 0-26 oz. per ton gold, with a recovery of 22.7 per cent
of the arsenic values and 28-8 per cent of the gold values.
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The results of the concentration tests show that a high-grade arsenical
concentrate, with fair recoveries, cannot be obtained by simple gravity
methods on account of the iron sulphides present in the tailings.

The analyses and results of the concentration tests indicate that it
would not pay to reclaim and concentrate the dumps, especially the lower
dump, as the grade of the arsenical concentrates produced would be too
low to stand the cost of concentration, treatment charges, and transport-
ation to the smelter.

Report No. 203

CONCENTRATION OF THE ZINC-IRON MIDDLING FROM THE DUMP AT
NOTRE-DAME DES ANGES STATION, QUEBEC

C. S. Parsons

Shipment.—A shipment of one bag of zinc-iron middlings, weighing
109 pounds, was received at the Ore Testing Laboratories, October 5,
1923, from the British Metals Corporation, 263 St. James St., Montreal

Location of dump.—The dump from which this sample was taken is
situated at Notre-Dame des Anges station, Que., and is estimated to
contain about 40,000 tons.

Character of sample.—The material, in this dump, is a zinc-iron mid-
dling product, produced by a former concentration mill in which the ore
from the Notre Dame mine was treated. The material is a mixture of
zine, iron, and lead sulphides that have been freed to a large extent by the-
previous milling operations. There are small amounts of gold and silver
agsociated with the sulphides.

Sampling and analysis—A sample was taken of the shipment, and
the report of the analysis is as follows:—

24-54 per cent
2:51 ¢

.. 25.02 ¢
0-10 oz. per ton
456 “

Purpose of experimental work.—A product of the above analysis is
not marketable. The purpose of the experimental work was to determine
whether the zine, lead, gold, and silver values could be concentrated by the
elimination of the iron sulphides and gangue minerals.

Experimental work.—Two methods of solving the problem were
tried—flotation, and magnetic separation. The latter method was supple-
mented by a magnetic roast. One test only was run using magnetic separ-
ation, as this method was given an extensive trial in the past and met
with very little success. Flotation processes offered the greatest possi-
bility, and it was on these that the work was concentrated.

Magnelic separation.—The ore was roasted at approximately 800° If.
in a small rotary kiln. The kiln was fed and discharged continuously.
The results of this test are shown in the accompanying tables.

Conclusions from magnetzc separation test—A high recovery “of the
zine can be obtained by this method if the roast is properly controlled.
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The zine concentrate, however, will contain all the siliceous material,
which prevents a high-grade product from being obtained. It is possible
that tabling would raise the grade of the zinc product without much loss.

Flotation.—A concentrate was desired which would contain over 40
per cent zine. Twenty-five tests were conducted, using various combin-
ations of reagents. The zinc concentrate in a few of the tests was tabled
to remove the lead. The results are given in the accompanying tables.

Conclusions from flotation fests.—The results of these tests are not
conclusive, they simply indicate that certain recoveries can be obtained
under certain conditions. It is possible, and quite probable, that slightly
better results may be obtained. The material is, however, difficult to
float. The lead is partly oxidized, and there are considerable quantities
of soluble salts present. There is no doubt that a mill starting operations
on this dump material would have trouble obtaining and maintaining the
correct flotation conditions. It would be extremely optimistic to assume
that any better results can be obtained in practice than were obtained in
tests Nos. 2, 23, 24, and 25. It is the writer’s opinion that small scale
batch tests on material of this kind ave not reliable, and that tonnage
check -tests should be conducted before a mill is erccted.

RuacenTts UsED IN Conpucting Frorarion TEsTS

Test No. 1.—0re —60mesh......oovviiiiiiiiiiineiienrensnenns 1000 grammes (approx.)
Lime..ouvsiiiiieiniiionnenns e ireraiarresriieaes 1 gramme
[ 10T6 C B 1)« WA 2 grammes
Copper sulpbato,..... et et en et eeiaas 1 gramme
Barretts No. 634....00vvvviiiniiiniiiniainnnenns 10 drops
TT mixture tocelloceovriiiennivniriiiiinenennnaa,s 4 «
Pine oil to cell...... e eane st rarnes 1 drop
Rougher concentrate recleaned.

Test No. 2.—O0re —80mesh........ovvviiiivnnnnnn., rereenes . 1000 grammes (approx.)
Lime..ovvaea.sn e b eereat e ae e raaeas 0-5 gramme
1505 T 1)« 2.0 grammes
Copper sulphiate...ese s eriiniertieivenenrioneenns 1.0 gramme
Barretts N0, 634, .. 000 iiiiinniiininininniiniennns 16 drops
TT mixturetocell.....oovvivenienne, Ceeeieearenns 6 “
Pineoiltocell.e.ooeaniiiiiiiiiiiiiiiiiiii 1 drop
Rougher concentrate recleaned.

Test No. 3.~Ore —90 mesh.............. Ceerecrsaresareessess . 1000 grammes (approx.)
7 T T 2:0 grammes
R TeTe 1T T S 11 | “
Copper sulphate...ccovvernreeriirieennens Ceverenes 1.0 gramme
Barretts No. 684, ..c.viiiviviiiiiiiriernionasnnss 0-5 c.c.
TT mixture to cell....... P 6 drops
Pine oil to cell......... e r et irearsreceteetrenen . 1 drop
Rougher concentrate recleaned.

Test No. 4.—~Ore —90 mesh.........ccovvnnnn. ereeae ereens .. 1000 grammes (approx.)

k S0dn 85D esieerecercrriarreriieriinsenans . 2+5 grammes

Copper sulphate..coviererinenrreeeninnnans 1-0 gramme
Barretts No. 634.c00vvvieeiiiininnsnnnis ces 05 e.c.
TT mixture to cellyee i veriveriireriniecenrennnes 60 drops
Pineoiltocell....covvviiiiiiniiinneienrnenrnnnnns 2.0 ¢

Rougher concentrate recleaned.



Test No. 5.—Ore —100 mesh..... S8 tettiessonatesearasantsonns 1500 grammes (approx.)
i e 0:75 gramme

Soda ash..... Ceeetasiereiiiiettatsnararaetsnanne . 3-0 grammes
Copper sulphate,..oveeve i iriiniiieininneenernns. 1.5 gramme
Barretts No. 634 20 drops
TT mixture to cell 6 “
Pineoiltocell.vvureennininiiniinennieninnnnn, 1 drop
Rougher concentrate recleaned.

Test No. 10.—1000 grammes ore, 10 minutes in ball mill,
LiMe.eeeesrnrneeneninnss A 0-8 gramme
e T 2+5 grammes

Copper BulPhate..uvveervvrernerenererenronnernnns 1.0 gramme
Barretts No. 634............ ciriiiesess. 15 drops
TT IIXBUTC. evnereiernnernereenernrnnass O “

Test No. 11.—1000 grammes ore, crushed for 15 minutes.
Sodium sulphide,.,.ouvvureeennn.. Ceereieereanas .. 5 1bs. per ton

Sodium sulphite....oovvvnnnnn. Ceeebreneterainans . 2 “
Barretts water-2as tar...vvvee s vverrerenrnenrrnes . 6 drops=0-35 1b. per ton
YZ mixture..eeeevererreeenronnnnns erreerereeenes 0-25 Ib. per ton

YZ added in flotation machine, also sodium sulphide.
It was allowed to mix for 2 minutes before floating.

Norg.—Necessary to add 0-36 1b, more water-gas tar.
Very hard to float anything,

Test No. 13.—1000 grammes ore, 15 minutes in ball mill. .
Barretts water-gas tar.......coovviniiinniiinnnnn.. 0-5 1b. per ton

G0 percentacid.....ouivunivnnnn... 5 c.c.
Pineoiliicuuunvivnninnniniennninninnn... ... 2drops
XY mixture,........... i b ettt et ran, 6 ¢
Test No. 12.—1000 grammes ore, 15 minutes in ball mill,
No. 34 gravity fuel oil and
Salt cake added in Ruth machine,
Concentrate high in iron and tails high in zinc.
Test No. 14.—1000 grammes ore, 15 minutes in ball mill, —80 mesgh,
Barretts water-gas tar to ball mill................. 0-5 drop
XY to cells......... eeane e reerie i i ve.n 6 drops
Pineoiltocells......oovvrvinniiniiinneiinnennnns. 2 “

Floated rougher concentrate. In cleaning rougher con-
centrate very little floated, Added 3 drops more XY, very
little additional float obtained.

Test No. 15.—1000 grammes, 15 minutes in ball mill,

Barretts water-gas tar to ball mill................ . 4 1b. per ton
Na,8S to cell....., et estentotatentocnceonns veeerees 7 “
YZ tocells............ : . 4 drops
Pine oil to cells g 2 «

Coal tar creosote. ., 6 «

Nore.—Iron floated, apparently zinc in tails, No mid-
dling made.

Test No. 16.—~1000 grammes ore, 15 minutes in ball mill.

CuSOginballmill....o.ovrivnvrnrrnrennnnn. 4 1b. per ton
Water-gas tar............. Cveierieriieieriinesenaees 18 drops
YZ to cells....... e ee ettt i, Cerarae . 6 «

Pine oilievereeiiiiiiiiiiii i 2 ¢

Heavy froth obtained. Added 1 drop pine oil in recleaning
rougher concentrate.
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Test No. 171000 grammes, 15 minutes in ball mill.

CuSOsinballmill....oooiiiiiiiiii i iiiiiiennnnn, 4 Ib. per ton
Water-gas tar,. 9 drops
XY incelldiooiiiiieaiiiiiieiaiiisieenrenasenas 6 «
Pine oil in cells 2 «
Test No. 18.—1000 grammes, 15 minutes in ball mill.

* Y% mixture to ball mill................... TN 0:15 c.c.
Sodaashtoballmill......c.ooooviiveniiiiinnen.. 2.5 grammes
Copper sulphate........oooiiiii i 2-0 “
YZtocleanercell......o.oooiiiiiiiiiiiiiiiiin 1 drop

Nore.—This test was run to determine effect of presence
of soda ash in pulp compwred to last two tests Nos. 16 and 17
when no soda ash was use

Test No. 19.—1000 grammes, 20 minutes in ball mill,

Barretts water-gas tar to mill......... erreeeneens 6 drops
CuSOqtoballmill,....ooviiiiiiiiiiiiiii e, 2 grammes
Sodaash,..ccoveevivnnnnns 25 grammes
YZ mixture to cells 4 drops
Pineoiltocells.....coovviriiiiiiiii e 1 drop
Made clean looking concentrate and tailing. .

Test No. 20,—1000 grammes, 30 minutes in ball mill.
Barretts water-gas tar to ball mill................. 6 drops
CuSOstoballmill,....ooooviiiiviiiiian. RPN 2 grammes
Soda ash to ball mill..... vt 2.5 grammey.
XY mixture to cells 4 drops
Pine ol vien it e i e 1 drop
For comparison of YZ and XY mixtures.

Test No. 21.—1000 grammes ore, 20 minutes in ball mill,
Barretts water-gastartomill..................... 6 drops
Sodaashtomill.................... e reneeriarens 2.5 grammes
YZ mixture to cells... 4 drops
Pineoiltocells.........oviiiiiii i, 1 drop

Nore.—This test was run to determine effect of CuSOx.

* Test No. 22.—1000 grammes ore, 30 minutes in ball mill,

Barretts No. 634 to ballmill............ooeennen. 6 drops
CuSOstoballmill,,.oeviiiiiiiiiien e 2 grammes
Soda ash......... JE U N 2:5 grammes
YZtocells. . v eiiiiiiiiiir et eiiinnesneaes 4 drops
Aldoltocells.. ... v iiiir it 1 drop

Nore.—This test was run to determine effect of fine
grinding, The pulp was not alkaline,

Test No. 23 —1000 grammcs ore, 25 mmutes in ball mill, —100 mesh.-

Barretts No. 634 to ball mill 6 drops
CuS04to ballmill.,.......... ves 2 grammes
TAINC. ettt vn e ieeenrnrennes ... 05gramme
Sodaash..eeveireiieneiienianes 2-5 grammes
YZtocells......cooovnininiennns 4 drops
Aldoltocells.......oveviiiiiiiiiiiniiriiiiaeenss 1 drop

Nore.—Pulp was not alkaline, so added 1 gramme more
soda ash to cell. Pulp turned alkaline, This looks the best
test of all, probably due to alkalinity with soda ash. Other
tests were not fully alkalme
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Test No. 24.—1000 grammes ore, 25 minutes in ball mill.

Water-gas tar to ballmill......................... 3 drops
Sodaash toballmill..........oovvvnininiinnnnan.. 3+5 grammes
CuSOstoball mille...vvevnisninieininenninnes, 20 “
Limetoball mill.........ocovvvuninenenn.n, .. 05 gramme
YZ to cells......... e tere e eiheeees 3 drops
Soda ash to cells.vvvrvneneirerirnenennnsnsn. ceee 0+5 gramme
Aldolto cellg.re. i inrivrienrenenenrneneeeenssnnes 1 drop

Nore.—Pulp was not alkaline, so added 0-5 gramme soda
ash to make it so.

Test No. 25.—1000 grammes ore, 25 minutes in ball mill.

Water-gas tar to ball mill................. 3 drops
Soda ash to ball mill..... 4.5 grammes
CuS04 to ball mill 2-0 “
Lime to ball mill............ 0:5 gramme
YZ to cells..... ettt vees 2 drops

Aldol added to clezner eell only.
Nore.—Pulp was alkaline from ball mill.




Results of Magnetic and Flotation Tests on Zinc-Iron Middlings from the British Metals Corporation
Head sample: Zn.24-54 per cent. Pb. 2-51 per cent. Fe. 25-02 per cent. A/u. 0-10 oz. per ton. Ag. 4-56 oz. per ton.

Weight Analysis fﬁgﬁ: gﬁ gggz Per cent of values
Test
No. Product Per Za. | Pb. | Fe. 13;1 %zg
Grms cent |- DL | per | per pex" pe;.' Zn. | Pb. | Au. | Ag. | Zn. | Pb. | Au. | Ag.
cent | cent | cent ton | ton
Mag-
net- | Zine....... - [ 57-4] 38.09/ 2-67| 7-90] 0-03{ 3-87|2185 | 153-4 1.72| 222-0| 86-7| 68-6| 50-3| 49.7
ic Iron.... 42-6| 7-87 1-64| 48-60] 0-04| 5-28| 335 70-0[ 1-70| 225-0f 13-3| 31-5 49-7| 50-3
1 Zn. concentrate table.......eee.......| 338-2| 33-8| 46-73| 2-80( 9-54| 0-04| 6-14/1580 94-6] 1-35 207-5| 65-1/ 36-3| 33-9] 39-1
Pb. «“ € rveeveereanronene.]| 11-2| 1.1} 13-46| 51-65|...... 0-48| 58-56| 14-8| 56-8| 0-53| 64-4] 0-6f 21.7] 13-3} 12-1
Zn. middlings flotation.......... ...| 54-6] 5-5| 22-52 4-6 [ 25-8 | 0-06| 9-54| 124 25-3| 0-33| 52-4f 5.1 9.7 82 9:9
Zn. tailings flotation............c.ue 593-8| 59-4| 11-95( 1-42| 33-56f 0-03| 3-49] 710 84-3| 1-78| 207-3] 29-2| 32-3| 44-6| 38-9
2 22l 52-4] 40-220 4-35]......] eenei]ieennn 2120 | 228-0|......|-..... 81:0] 81-8ceeersfeeuen .
. 12-9] 22:73] 1-90|......|ceeeae]eonn. 293 24-50. ... ]venn. 11-2] 8-8l.iinve]inannn
34-6; 5-837 0-76...... tr, 2-02| 202 26-3|...... 69-9] 77 94l......fiei.n
3 27-8] 40-47| 4-38[......[cco0nifeennns 1125 | 122-0f......}...... 46-2] 49-4|......} 0000
8:9] 24-44| 2.48|......0.. 0. feeanns 218 22-0|......0..... 89 89]...ciifiirnnn
63-3] 17-25( 1-63|......1 ... .feeeenn 1080 | 103-0)......}...... 44-9] 41-7]...eee]ennne
4 17| 6-22| 40-95|...... 0-60| 49-4| 108 69-6] 1-02| 76-4] 4-3] 31-2|......[|.... ..
45-20 37-02] 2:87|......cveneifeenens 1673 [ 107 [......|eeen.. 68-4] 48-0l..c.ceenfinuens
20-9] 21-72( 1.44)......].ccccifeeeann 454-51 30-1f......1...... 18:6] 13-5|.c.cvefiuunes
32-2] 6-51] 0-50[......0 ccc- feurnnn -209-5] 16-1)......|...... 86| 7T3|....oiliine .
5 40-0| 84-28| 5-1 | 16-58] 0-10f 8-78|1372 | 204-0f 4-0| 351-0| 57-2| 78-2| 58-0f 72-8
16-8| 25-34| 1-7 | 24-20{ 0-07| 3-60| 426 28-5| 1-2{ 60-5/ 17-8 11-0| 17-4[ 12.5
43-2| 13-88| 0-65| 27-97] 0-04] 1-64| 600 28.2f 1.7 70-8] 25-0f 10-8| 24-6; 14.7
10 | Concentrate..occeeeeeeececececesn....| 364-4|...... 47.61} 3-74| 10-68|......[.¢c... 1742 |oeieii]oeennifeeanns 67-6]...c00fceeen N s
...... 25.48] 4-72| 26-07)...0. ]e0eeeal 220 fooiiifoiiiieenen, 23] AP IR P
...... 11-15) 117} 3753, ..c.ufeeea 3 607 foeiii]eeiaidieie ] 28-5|iiiiiidiiiii]iiene.
11 23-8| 87-41].. ... ]eeeuei]iererifeneen- 830 [oveerefouranefenenns 36+6l..cenefineens
175} 25-38l.... .. ceeeei]oenenelannens % S (R IR P 18:2f. iveeelineenelinnane
887} 18-75]..covufeeensifoaee]eanens b3 {1) I (PRI DD P 45-2..... P IS P .
13 43-51 29-221 ... ]ceiiiifeeenns]oennnn 1271 foeveiifooeanifencnne 13 234 PP PP R,
22:3] 28-64]......].ciii]ierenifovennn (553" 7 DR PO P 259..... efecaseclinnes .
342 16-34). ... cveeei]iernee]aeann 550 leieeefoerenideinnn 721 P P N R

¥6
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14 19-4
19-3

61-3

15 27-9
72.1

16 51-5
10-4

38-1

17 46-9
14-7

38-4

18° 42-0
15-2

42.8

19 47-8
17.9

34-3

20 39-3
14-6

46-2

pal Concentrate 26-4
Mlddhng 18-4]
Tailing. . 55-2

22 Concentrate 50-2
Middling 4-0

B 551 1+ N 458

23 Concentrate 54-0
MiddHng. .covvenneriencueoseeneonnans 16-1
Tailing....cocvvveninnnnnnn. 29-9

24 Concentrate 48-4
Middlng...civvaenrerararanoneneaanas 19-5
Tailing. .. .ovivecrinrrnoteasacananans 32-1

25 Concentrate 36-4
MiIddlng...cteeceerenenenennancnnnn 8-3
Talling. ccveiiiennieratae e 553
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I

REPORT ON WORIK AND INVESTIGATIONS OI' THE CHEMICAL
LABORATORY :
H. G. Mabee
Chemist in Charge

The work covered by the staff of the chemical laboratory of the
Division during the year 1923 may be included in the following classes:—

I.. The regular routine analytical work in connexion with the investi-
gations conducted on ores, ete., in the ore testing and research laboratories
of the Division of Ore Dlessmg and 1 \Ietflllulgy

II. Special investigations entailing preliminary chemical tests on ores
and minerals with the object of- detectmg and regulating any interfering
elemeénts in the processes of concentration.

ITL. (a) A study of the results of the application of the flotation
process to the treatment of low-grade nickeliferous pyrrhotite ores, with
respect, more particularly, to the behaviour of the precious metal content
anc}l to. the extent of the successful elimination of barren pyrrhotite in the
tal lngs

- (b) A study of the apphcmtlon of leaching and electro de position
processes for- the treatment of ‘Canadian pyrrhotite and pyrite ores.

.. Various interruptions of the work of the chemical laboratory occurred
during the year due to changes in the staff, rearrangements and additions
to the present laboratory buildings, ete. Notmthstandmg this, however,
. more w01k was accomphshed than in any previous year. .

I ROUTINE ANALYTICAL WORK
: H. C. Mabee

The regular routine work was of the usual w1de variety, covering
1,295 samples, invloving about 4,800 chemical determinations, the results
of which appear in the general 1ep01ts on investigations conducted on
ores and mineral ploduets in the ore- testmg a,nd research laboratories of
the Division.

- These samples may be included under the following claSSIﬁcatlon —

]

9 sflmples of antlmony ores 1 samples of lead—zmc—mfmrrfmese ore
S _ arsenic ores . 55 molybdenite ores
121 « copper ores .20 “ platinnm-gold ores
500 “ gold ores 22 “ silver ores
24 “ gold-cobalt ores 53 “ silver-lead-zine ores
00 “ gold-copper ores 193 “ silver-lead-zine-iron
86 ¢ gold-silver-copper 55 “ silver residues

“ iron ore . 36 “

lé “  for identification )

The renewed attention to gold mining continued during the year, and

as a result, about seventy—ﬁve per cent of the total samples reported

included 1esults in gold and silver content. These ores were of various

composition as the classification indicates, each wvariety requiving its

special treatment. In order, therefore, to keep up with the work promptly,

it was found necessary to pulch‘mse an additional muffle furnace and othel—
wise add to the assay laboratory equipment.

graphite oves
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As the room provided for this work was too small to accommodate
the additional equipment, and as it had become necessary to provide more
space in which to carry on the work connected with the electro-deposition of
iron, a request for an addition of sixty feet to the present temporary
building was made. At the close of the year the work of construction was
well under way.

II. SPECIAL INVESTIGATIONS PERTAINING TO THE INVESTIGATIONS
CARRIED ON BY THE ENGINEERING STAFF -
THE VALUE OF GIVING THE SILVER RESIDUES FROM THE DOMINION REDUCTION CO.,
COBALT, ONT., A WEAK SULPHURIC ACID WASH PREVIOUS TO CYANIDING,
BY B. P, COYNE
Tests were made to find the value of a weak sulphuric acid wash
previous to cyaniding. In each test, ore ground to 65 mesh was used.

go 1, 58 grammes ore treated with 180 c.c. ; per cent HzSO4 (apprommately)
o 0 c.c.
No. 3 50 “ “ 100 c.e. 3 “ “

In each case, the sample was agitated for about 1 hour, the solution
filtered off, 10 c.c. taken for analysis, the remainder made up to 100 c.c.
with the orlgmal acid and then added to 50 grammes fresh ore, and the
process repeated to find the amount of the acid consumed. The ore from
the first treatment was washed until free from soluble iron and sulphate
salts, the sample which required the least amount of washing was then
cyanided.

Grammes Grammes Grammes

Iron dissolved (as I'e:03) 18t o2nd 3rd
1 per cent acid, 50 grammes ore, . ...uuuvrvrercnennes 0-0170  0-0255  0-0230
2 “ “ 50 e 0-0425 0-0580 0:0570
3 “ “ 50 e 0-0380 0-0670 0:0750

Acid consumption— Percent Percent Percent
1 per cent acid, 50 Erammes Ore..ovveeverenneiessns 44.8 10-4 3.4
2 « “ 50 TR T O 37-9 25.4 2:9
3 “ “ 50 E N 36-5 30-7 0-1

After washing five times, sample No. 1 was found to be free from
soluble iron and sulphates, samples Nos. 2 and 3 still held these soluble
salts. Sample No. 1 was cyanided, using 200 ec.c. 0:125 per cent KCN
solution and 0-1 gramme lime per 50 grammes ore. The cyanide con-
sumption was 9-2 lbs. per ton. It was found that a 1 per cent sulphurie
acid wash was as efficient as a stronger acid wash for removing the soluble
salts from the ore; that it was easier to wash out the soluble salts when 1
per cent acid was used; that this treatment reduces the cyanide con-
sumption.

DETERMINATION OF SOLUBLE CYANICIDES IN CRANBERRY HEAD GOLD ORE
AND THE EFFECT OF CHRTAIN REAGENTS ON CYANIDE
CONSUMPTION, BY B. P. COYNE

Tests were made to determine whether the ore contained soluble.
cyanicides, and to determlne the effect of certain reagents on the eyanide
consumption.

Test No. 1.—To determine whether the ore contained soluble cyani-
cides 100 grammes ore {—65 mesh) were agitated for 24 hours with 600 c.c.
water, 500 c.c. filtered off, 0-625 gramme KCN added to the filtrate and
again agltated for 16 hours. Filtrate contained 0-124 per eent KCN. :

8336974 : -

a
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Test No. 2.—Similar to No. 1 except that 1 gramme of lime was
— added to the ore. _

Test No. 3.—100 grammes ore cyanided without the use of lime.

Test No. 4—Similar to No. 2 except that 0.5 gramme NaOH was
added instead of using the 1 gramme lime.

Test No. 5—100 grammes ore cyanided with 0:125 per cent KCN
and 0-15 gramme Na,0,.

It was found that the ore does not contain any cyanicides soluble
-under working conditions; that the use of NayO, reduced the eyanide con-
sumption to 156 lbs. per ton ore.

DETERMINATION OF SOLUBLE SALTS IN EUSTIS COPPER ORE, AND THE EFFECT
OF ADDING LIME FOR SELECTIVE FLOTATION OF THHE
CHALCOPYRITE, BY B. P. COYNE

. A number of tests were made to determine the amount of soluble salts
in]the ore and the effect of adding lime. In each case 1,000 grammes ore
were agitated with 1,000 c.c. distilled water. The time of contact varied
from 35 to 45 minutes. In test No. 5, 5 grammes of lime were added to

the pulp.
pup SOLUBLE SALTS

85 minutes contact 45 minutes contact

Test No. Fe.grms,  SO; grms.| Fe.grms (S0s grms.

per litre per litre per litre per litre

0:073 0.23 0-072 0:20
0024 0:53 0:020 0:53
2:09 939 2-32 9.67
0-073 0:23 0-072 0:20
trace 0:43 trace 0-28

It was found that the oxidized ore (test No. 3) contained a much
greater amount of soluble salts than the unoxidized ore; that the addition
of lime kept the iron from going into solution.

III. A STUDY OF THE RESULTS OF TWO SMELTING TESTS ON SHEBANDOW-
AN LAKE ORE, AND OF THE ELIMINATION OF BARREN PYRRHOTITE
IN THE FLOTATION TAILINGS FROM THE SUDBURY ORES.

: (a) THE PRECIOUS METAL VALUES IN PRODUCTS FROM SMELTING TESTS ON
COPPER-NICKEL ORE OF SHEBANDOWAN LAKE, ONT., BY H. C. MABEE

In the Summary Report of the Mines Branch for 1922 there is given,

under test No. 172, the assay results of five samples of ore from the Sheban-

. dowan Lake nickel-copper deposits, collected by T. L. Tanton, and sub-

mitted to the Ore Dressing Laboratories through the Director of the

Geological Survey. In January, 1923, a further shipment of 400 lbs. of

this ore was received from Messrs. Jamieson and Peacock, Duluth, Minn.,
upon which the following experimental tests were conducted:—

Two lots of twenty pounds each were fluxed and smelted in large

pots and a low-grade matte was obtained. Hach of these lots was ground

separately, the iron was partly eliminated by treatment with dilute hydro-
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chloric acid and the residue carefully roasted was fluxed and assayed in
the usual manner for the platinum metal content, with results as shown
below:— : -

Analysis of Ore
Nickel..ooverovnnennnns 2-97 per cent Lime............... 250 per cent
1.65 ¢ Magnesia........... 764 ¢
015 « Sulphur............. 15.84 ¢
24.30 ¢ Gold............... 0-01 oz, per ton
10-158 ¢ Platinum........... 0-03 “
26-55 ¢ Palladium,,........ 0-048 ¢

| From the above analysis the content of the ore may be calculated as
follows:— ‘

Total sulphides—Pentlandite...................... 14-22 per cent
Pyrrhotite,...................... 23:24 ¢
Chalcopyrite.....ovevvvvenvinnin. 4.71 ¢

—_— 4218 per cent
57.82 ¢

The average analysis of the slag from these two smelting tests on the ore
ig as follows:— _
Nickel and cobalt. P N 006 per cent

U ST

The weight of matte obtained averaged about 37-5 per cent of the original
weight of ore In the charge. Taking into consideration the analysis of the
slag as indicated above, it will be observed that only about 1 per cent of
the total sulphides, including pyrrhotite, was eliminated in the slag, hence’
a yield of low-grade matte. This may be accounted for in this case, as
these smelting operations were conducted almost out of contact with the:
air and consequently less opportunity for oxidation than would exist in
regular smelting operations. The analysis of the matte gave the following
result in platinum group metals:—

Melt No. 1.—Cold, 0-027 oz. per ton. Platinum, 0-080 oz. per ton. Palladium, 0-128 oz. per ton.
Melt No. 2. “0.030 «“ B 0-085 “ « 0-131 “

THE BLIMINATION OF BARREN PYRRHOTITE BY CONCENTRATION OF THE
NICKELIFEROUS PYRRHOTITE ORES OF THE SUDBURY DISTRICT BY
SELECTIVE FLOTATION, BY H. C. MABRE

In continuation of the experimental tests by flotation made during
1922 on the Sudbury pyrrhotite ores, further investigations were carried
on with respect to the applications of this process, with regard more par-
ticularly to the nature of each flotation product, the behaviour of each
of the sulphides contained, and the relative losses of precious metal values
in the tailing product. In this work several analyses were made, especially
of the tailing products, and from these the nature of their “content was
determined. The following shows the analyses of the two lots of ore upon
which the tests were performed:—

Ore Copper | Nickel | Iron {Sulphur| Silica Oz. per ton
per centlper cent|{per cent|per cent|per cent Au I Plat I Palad

No. 8 mine, International
Nickel Company......... 1.25 1-35 23.7 10-7 | 37-85%1 0-008 | 0-014 0-017
Murray mine, British Amer- .
ica Nickel Company...... 0-47 1.17 20-9 11.191 42.15 1 0-005 ] 0-0067 0-009
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From these analyses it may be calculated that the content of each of the
above samples is made up as follows:—

Pentland- Chalco- Pyrrho-
Ore ite pyrite tite
per cent per cent per cent

Gangue Total
per cent sulphides

No. 3 mine, International Nickel|

COMPANY .evurerrernrenanenns 6-14 3-57 1856 7173 28.27
. Murray mine, British America

k. Nickel Company............... 4-59 1.34 24.44 - 69-63 30-37
! ) .

: In previous Summary Reports of the Mines Branch, a complete report

of the results obtained from the application of flotation to the ores will be
found, embracing percentages of recovery, assays, etc., of each of the
flotation products. Upon further examination of the tailings derived from
these tests, the content _proved to be the following on analysis:—

- ! s Oz. per ton
as Copper | Nickel | Iron |Sulphur| Silica
'I‘aﬂm.g from per cent[per centlper centlper cent|per cent; Gold I Plat. I Palad.
No. 8 mine, International
Nxckel Company... 0:05 ] '0-16 814 323 | 46-75 | 0-002 | 0-0027 [ 0.0038
Murray mine, British Amer- .
. ica Nickel Company......| 0:05 0-21 9-49 | . 5.52 1 41.30 | 0-0009| 0-0011 | 0-0020

From these results the composition of the tailings may be assumed
as follows:— -

Pentland~ | Chalco- Pyrrho-
Tailing from ite pyrite tite
per cent, per cent per ecnt

Gangue Total
per cent, sulphides

No. 3 mine, International Nickel

COMPANY .\ verrenrrennnernnnns 0:73 0.14 7-62 91.51 8-49
Murray mine, British America :
Nickel Company............... - 0-96 0-14 13.12 85.78 . 14-22

Considering the pyrrhotite composition of the ores, namely, 18-56
per cent and 24 - 44 per cent respectively, and of the tailings, namely 7-62 per
cent and 13-12 per cent respectively, 30 per cent of the pyrrhotite content
in the first ore, and 41 per cent of the pyrrhotite content of the second ore,
has been eliminated in the tailings. This elimination of almost barren
pyrrhotite, together with the gangue minerals, means considerable saving
in several directions.

With regard to the particular sulphide minerals with which the
platinum group metals are associated nothing definite has been deter-
mined. In studying the ratios between these metals and the copper,
nickel, iron and sulphur content of the flotation products, there is no
definite uniformity of values or proportion between these metals and the
chalcopyrite, pentlandite and pyrrhotite content in the ores and flotation
products. Whether this should be accepted in support of the opinion that
the lower grade ores carry relatively higher values in the platmum group
metals is questionable.
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(b) THE HYDROMETALLURGICAL TREATMENT OF PYRRHOTITE AND PYRITE ORES

SUCH AS THE LEACHING OF PYRRHOTITE AND THE ROASTING AND LEACHING

OF PYRITE, WITH SUBSEQUENT PRODUCTION OF IRON BY ELECTRO-DEPOSITION

AND THE RECOVERY OF SULPHUR AND OTHER METALS AS BY-PRODUCTS, BY R,

3. TRAILL

Introductory—The process being investigated was described in the
Summary Report for 1922, and is known as the Eustis process.

Initial laboratory scale experiments were reported last year, and
these have been continued, with the object of securing more complete
data regarding the sultablhty of the process for the treatment of iron
sulphide ores, preparatory to a study on a larger scale.

The satisfactory results obtained from these small laboratory tests
show that the process gives promise of being commercially applied to the
treatment of Canadian pyrrhotite and pyrite ores, and warrants the con-
tinuation of the investigation on a larger scale with a complete cycle of
operations, including the electro-deposition of theiron. One of the greatest
difficulties will be to obtain solutions from the ores, free from impurities
detrimental to electro-deposition.

The production of iron by electrolytic methods from the leaching of
sulphide ores is attracting increased interest, partlcula,rly in England and
" the United States. The Department has had various enquiries relative
to the subject under investigation.

General Procedure—
Leaching Apparatus

An enamel pail of 5 to 6 litres capacity with a glass agitator and an
" asbestos slate cover was found best for leaching purposes. The solution
was heated by means of a steam jacket around the pail.

Solutions for leaching were prepared from ordinary grade ferric
chloride containing about 20 per cent iron, and the ferrous chloride,
purified from copper and lead, obtained in previous leaching tests.

Treatment of Pyrrhotite

The ore used, in the following tests, was a shipment of pyrrhotite
received from the Smith property on the west side of lake Memphremagog,
Que., and contained about 80 per cent pyrrhotite and 2-5 per cent chal-
copyrite. The general procedure was to treat, by continuous agitation,
a certain quantity of the ore, ground to pass 200 mesh, with a solution
containing known quantities of ferric and ferrous chlorides, at a tempera-
ture from 95° to 98° C. Samples of the solution were drawn off at various
intervals to ascertain the extent of the reaction between the ore and the
ferric chloride. When reaction was complete, or the set time limit had
expired, the leach was cooled, filtered, and the volume noted or made up
to the original bulk. The iron content (ferrous and ferric) was ascertained,
and the residue dried; weighed and assayed for iron, copper, ete.

Calculation of Extraction
Iron extraction—
2FeCly 4+ FeS = 3FeCl -+ 8
ferric chloride mono sulphide {ferrous chloride sulphur
From the amount of ferrous iron in grammes found after leachmg,
subtract the amount of ferrous iron in grammes originally present in the
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leach solution, plus twice the amount in grammes of copper, zine or lead
dissolved (obt'uned by subtracting amount in reSIdue from amount in
" ore charge). The result gives the amount of ferrous iron formed in the
reaction, and_this divided by 3 gives amount of iron dissolved from the
ore charge. Percentage extraction is arrived at by dividing the amount
of dissolved iron by amount of iron treated and multiplying by 100.

Copper, zine and lead ete., extraction:—
2TeCls -+ RS 2IeCly + RCl: 4+ S
ferric chloride metal sulphide felrous chloride metal ehloride sulphur
Extractions of these metals are figured by subtracting the amount
found in the residue from the amount contained in the ore charge. This
amount divided by the amount in ore charge multipled by 100 equals
percentage.

Test No. ‘ 181

ORE—SMITH PYRRHOTITE

Leaching test No. 56—
Purpose of test—This test was made to study effect of leaching with .
a solution containing both ferric and ferrous chlorides, the condition that
will occur in regular practice. '

Quaniitics—
3+6 litres solution—82 g amimes per litre ferrous iron= 295-2 grammes Fe.
71 ferric ¢ = 25n.
258 grammes ore —49.6 per eent iron =-128.0 “
0-85 “.  copper = 2.2 “ Cu.
1.14 « zine = 2.04 « Zn.

Excess of ore over theoretical required 4.0 per cent.
The solution was heated to 70° C., the ore added, and temperature:
raised and maintained at 95° to 98° C. :

Test taken after 30 minutes leachmg showed 119 £ramimes per litre ferrous Fe.

{3 L1} 3 hOUlS « {3 160 . “ “
[{3 ({4 5 [ & “ 172 [ &«
o “« ¥ oo« « «“ 178 « «
@ « g « «@ « 180 «“ ¢« -

Test stopped-at this period, cooled and filtered.

Volume 3-3 litres at 180 grammes per litre ferrous Fe= 594 gramines T'e.
and 7 ferric T'e, = 23-1

Residue weighed 140 grammes, and contained:—

E, e ut et it i i ey M., 258 per cent—- 36-1 gmmmes
(2 T 0-35 0-49

Result of 8 hours exhactlon.
Trom extraetion. .uue e en sttt i e v 75+4 per cent
L0703 < S 7.7«

This result shows that the presence of ferrous chloride in addition to
the ferric chloride does not materlally affect the leaching action.

Leaching test No. 8—
- Puipose.—In depositing iron from a solution of ferrous chloride, a
certain amount of ferric chloride is formed (compare Summary Report,
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1922). In the process this ferric chloride, with some ferrous chloride, will
be conveyed from the cell to the leaching apparatus The leaching process
on large scale operation may be conducted in two ways. (1) An excess of
ore may be maintained in the leaching agitator, so that the ferric solution
will be completely reduced in the one operation, and the residue obtained,
treated for recovery of sulphur by distillation, or a non-oxidizing roast.
The product from this roast would be available for further leaching treat-
ment and recovery of iron. (2) Leaching may be done by a counter-
current extraction method. In this method two or more leaching agitators.
would be used, designated primary and secondary. The solution coming
from the cell would be fed to the primary agitator, where the ore already
partly treated in the secondary agitator and fed at intervals to the primary
would be acted on, the solution becoming reduced to a certain degree, and
finally being completely reduced in the secondary agitator by addition of
fresh ore.

To study the feasibility of the latter method the followmg test was
run, leaching fresh ore first with a solution considerably reduced and then
leaching the residue with a solution of a composition similar to that coming
from the electrolytic cell.

Quantities—

Solution No. 1 contained— .
3.6 litres at 132 grammes per litre ferrous Fe. =475.-2 grammes Te.
20 ferric Fe. = 72:0 “

Solution No. 2 contained—
3.0 litresat 71 grammes per litre ferrous Fe. =255:6 grammes Fe.
63 ferric Fe. =226-8
Ore charge—
300 grammes at 49-6 per cent Ie. =148.8 grammes Ie.
0-85 ¢ Cu 285 ¢

114 % Zm. 3.42 «
Eixcess ore=3-5 per cent. )

in

The ore was treated with solution No. 1 at 95° C. for one hour, after
which time reduction was complete. Solution was cooled and filtered.

Volume 3-37 litres at 165 grammes per litre ferrous Fe=>556 grammes
Pe. The residue without drying was treated with solution No. 2 at 95 to 98°
C. and the time test showed:—

After 1 hour leaching,........cvvvvvvnnnnnn. 113 grammes per litre ferrous Fe.
3 hours 134 « «
[{4 14
“ 14 114 [{4 [{$
(] 10 (] 114 [{] [{4
{3 12 [{4 {4 {4 (]

The test was stopped at this period, cooled and filtered.

Volume 3-15 litres at 179 grammes per litre ferrous Fe, =563-8 grammes Fe.
and at 2 erric Fe, = 6-3 «

The residue weighed 145 grammes and contained:—

T euinn i ieesiiiitiiiei it it 20 per cent 29 glammes
L 048 = 0-696

Result, 13 hours extraction:—
N Y CTc =5 o O U 826 per cent
u, 727 ¢
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From this test it is evident that this method of treatment does not
affect the percentage extraction. It may be observed, however, that the
action is somewhat slower, due possibly to the sulphur that is set free,
adhering to or coating particles of the ore.

The question whether method No. 2, or the straight single treatment
method No. 1 would be the more satisfactory and economical in general
practice will be more carefully investigated when equipment of the con-
tinuous circuit type has been installed.

Leaching tests Nos. 9, 10 and 11—

Purpose.—In various leaching tests it has been observed that the copper
extraction has varied from 50 to 85 per cent, and an explanation has been
sought for this difference in extraction.

In the leaching of chalcopyrite with ferric chloride, it is possible that
both cupric and cuprous chloride may be formed. Cuprous chloride, it
is claimed, when boiled with freshly precipitated sulphur, deposits the
copper as cuprous sulphide, CusS. It is quite possible that this prempl—
tated sulphide of copper is insoluble in the conditions obtaining in the
leaching. This explanation is borne out to some extent by the results
obtained in the following tests:— :

Leaching test No. 9—
Quantities—
4 litres solutmn at 70 grammes per litre ferrous Tre. = 280 ‘grammes Fe.
ferric Fe. =272
275 grammes ore at 49 6 per cent Fe = 136-4 “
085 = 234 “ Cu.

1.14 “ Zn
Excess ore = 4.3 per cent.,

The solution was heated to 75° C., the ore added, and the temperature
ncreased and mainteined at from 95 to 98° C. Time tests taken showed:—

After 1 hour, .
« 311(3‘111'5

3:13 “  Zn.

135 grammes per litre ferrous Fe
156 & «

... 176 «“ .ok
180 | « .« (volume about 3-4 litres)

Test was stopped at this period, solution cooled rapidly and filtered
immediately, the residue being shghtly washed.

Volume 375 litres at 163 grammes per litre ferrous Fe.= 61125 grammes I‘e
13 ferric Fe.= 48-75

- Res1due weighed 135 grammes and contained:— -
TP 267 percent— 209 gfrnmmes

Result 6 hours extraction:—

Fe extraction. .. ioviiireiiiiie e iniiii i it ae 794 per cent
Cu extraction,............ e e e 86:5 «

Leaching test No. 10— .
Purpose.—To dUphcate test No. 9.
Quantities—

4 litres solution at 69 grammes per litre ferrous Fe.= 276 grammes Fe.
73 ferric Te.= 202 .
138 8 .“ [
2-38 ¢ Cu.
3.192 “ - Zn.

280 grammes ore at 49-6 per cent "Fe.
0-85 Cu.
1.14 ¢ Zn.

No excess ore.
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The solution was heated to 75° C., the ore added and temperature
raised to 95-98° C. Time tests taken showed:—

After 1 hour....eovvevvvvnns. 133 grammesg per litre ferrous Fe.
156 &« {3

:163 [{4 [{3
. 172 [{] ({3
. 179 [ {3 [{3
“. ... 105 “ “ (volume about -2 litres)

Test stopped at this period, cooled rapidly and filtered immediately
wasghing residue.

Volume 3-75 litres at 166 grammes per litre ferrous Fe.~ 622-5 grammes Te.
9 « erric Ye.= 33:75 “

«

D

Residue weighed 140 grammes and contained:—

Result 6 hours extraction:—

BT 47 X 5 (03 K 807 per cent
[O21R ¢n -1 0T . 86.5 ¢

This result agrees very closely with that obtained in test No. 9 in so
far as extraction is concerned.
Leaching test No, 11—

Purpose.—To find copper extraction under conditions that will allow

precipitated sulphur to act on any cuprous chloride formed in leaching
reaction.

Quantities used—

4 litres at 70 grammes per litre ferrous Fe.= 280 grammes Fe.
atb 72 « ferric Te.= 288 “ ¢
280 grammes ore at 49+ 6 per cent Te, = 138.8 ¢ “
0-8 ¢ Cu. = 2.38 ¢« Cu,
1.14 ¢ Zn., = 819 ¢ Zn.

Excess ore = 025 per cent,

Solution heated to 75° C., ore added and temperature raised and main-
tained from 95 to 98° C. Time tests taken showed —

After 1 houi‘ ....... e, 136 grammes per litre ft‘a‘rrous Te.
.

176 [y €«
192 “ “ (volume about 8-1 litres)

Test stopped at this period, allowed to cool slowly with agitation and
let stand overnight. Solution filtered and residue washed. Extra washing
required on account of calcium sulphate crystallizing,

Volume 4 litres at 152 grammes per litre ferrous Fe.= 608 grammes Fe.
- at 13 « ferric Ye.= 52 “

Residue weighed 142 grammes and contained :—
Teioovvvivinnnnn, [P feeiana Ceerenaias 24.1 per cent= 34-2 grammes
05 “ = 071 ¢

R_esult 6 hours extraction:—

Fe. extraction............... ceeees veeraaes e 76-3 per cent
Cu. extraction 701«
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Comparing the results of extractlon on these tests it will be observed
that test No. 11 shows a slightly lower iron extr action (due in part possibly:
to slight oxidation occurring in standing overnight) and it shows a very
much lower extraction in copper amountmg to 15 or 16 per cent. It
would appear therefore that some such action, as suggested under purpose
of tests Nos. 9, 10, and 11, has taken place.

COPPER Recovery TusTs

The solutions obtfuned from leaching tests 9 and 10 were tr eated for
- recovery of copper by the iron precipitation method, the procedure being
as follows:— ‘

The solution, contained in the enamel pail, was heated by means of
a steam jacket to 90° C., and steel in the form of short turnings added.
The amount of steel used was about 50 per cent in excess of that required
to reduce the ferric iron present in the solution, and to precipitate the
copper. After treatment the res1due was ﬁlteled off dried, and assayed
for copper content.

Copper recovery from soluiion test N 0. 9 —3 75 litres solution contain-
1ng 2 grammes copper was treated for 114 hours at 90°C. with 40 grammes
steel turnings. A residue weighing 25 grammes (mostly steel) was obtained:

containing 1-94 grammes copper. This would.be equwalent to 97 per cent
of the copper present in solution. Result:—

Copper recovery from solution 0T, ..ve v s i iviiin s erenrrnnenss 070 per cent
COpPPer TECOVETY fTOI OTC. 11t ieiviret st eetnenrnnarasnereeresnnnns 830

Copper recovery from solution test No. 10.—Solution from test No. 10
was treated in the same manner for 4 hours and showed a

Copper recovery from solution or..... e r ettt re e, 087 per cent
Copper YCCOVEry from OT@. . uviveriers e tensirriinrreacnorerornsens 854 ¢

No attempt was made to rid the above solutions of the last trace of copper,
as it seems reasonable to assume that this would be accomplished in a
second treatment with iron or steel.

RECOVERY OF SULPHUR

The process as described in the Summary Reportb for 1922 provides
for the recovery of the sulphur. The reaction between the ore and the
ferric chloride is shown as— ' ‘

2FeCls + " FeS- . 8FeCly +
ferric chloride mono gulphide ferrous chloride sulphur

the sulphur set free being found in the gangue or insoluble material. It is
proposed to recover this sulphur by distillation.

In addition to this, where the single extraction method, as suggested
in leaching test No. 8, is used; a product suitable for further leaehmg may -
be obtained after the sulphur distillation, thereby recovering the iron and
other metals in the residue.

: For the purpose of determining the fea81b111ty of this idea the follow-
mg test was made.
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The iron content of these residues runs from 22 to 25 per cent, con-
sisting of unattacked pyrrhotite or pyrite (if present in ore), iron as oxy-
chloride precipitated by hydrolysis, and perhaps iron precipitated by lime
or magnesia in the ore. )

The copper content ranges from 0:23 to 0-5 per cent, present as
unaltered chalcopyrite or chaleocite and possibly precipitated cuprous
sulphide. A retort type of container was made from a piece of iron pipe
8 inches long by 2 inches ingide diameter, closed at one end with a screw
cap, and the other end fitted with a screw cap having a three-eighth-inch
diameter pipe as outlet, bent at right angles.

The retort containing the charge was placed in a small electric mufile
furnace at 750°C. for 214 hours. "The retort was then removed from the
furnace, allowed to cool, and the loss in weight determined. No special
precautions were taken to assure the complete condensation of the gaseous
sulphur, the outlet simply delivering into a loosely covered receiver and
the pipe being heated by means of a Bunsen burner to prevent sulphur
condensing in it. ,

The residues obtained from tests 9, 10 and 11 were thus treated and
showed volatile losses respectively as follows:—

o S 55 per cent loss
B T € S 53« “
o 5 52 « ¢«

From residues Nos. 10 and 11, 42 grammes and 35 grammes of sulphur
were recovered, equivalent to about 60 and 52 per cent respectively.
Much sulphur was lost because of the unsuitability of the condensing
apparatus, and some sulphur would be oxidized to sulphur dioxide (S0O,)
in the initial stage of heating. The sulphur recovered appeared to be of
quite good grade, judging from its colour and general appearance.

The test satisfactorily demonstrated the possibility of recovering the
sulphur from these residues. The material left, after the sulphur distill-
ation, had the following composition:—

Iron Copper Sulphur S0s
Residue test No. 9.... 47-30 per cent 0-54 per cent 2816 per cent 161 per cent
“ No. 10.... 62.70 0-52 ¢ 3090 « 0-15 ¢
“ No. 11,... 52-00 “ 1.00 “

There was insufficient of this material to make a standard compara-
tive leaching test, but a treatment with ferric chloride proved that this
material was as easily leached as the natural pyrrhotite, and that recoveries
equivalent to those obtained on the raw ore could be expected.

Test No. 182
TREATMENT OF PYRITE

Pyrite is much less soluble in ferric chloride than is pyrrhotite, but it
is readily made soluble by a simple non-oxidizing roast. By this treatment
an artificial pyrrhotite is formed, one atom of sulphur being driven off,
which, by a suitable apparatus, may be recovered as a by-product.

A test illustrating the roasting of pyrite and subsequent leaching was
described in Summary Report for 1922 under test No. 182.
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. Turther tests have been carried out on this method of treatment and
are described below. The retort type of container described as used in
sulphur recovery from pyrrhotite residue treatment tests Nos. 9, 10 and
11, was used in the roasting process.

Two distinet methods were used and compared in effecting the elimin-
ation of the sulphur atom. (A) The first method was in the nature of a
reducing roast. The charge, placed in the 8 by 2-inch tube, closed at one
end, was subjected to a temperature of 750°C. in an electric muffle furnace.
Almost immediately sulphur was set free, which combined with the oxygen
in the container forming a reducing gas, namely, sulphur dioxide (SO,).
The gaseous sulphur gradually replaced the SO, in the container and burned
at the outlet. This feature served as an indication of the progress of the
roasting, the flame gradually diminishing as the roasting progressed.
When the flame died out the container was withdrawn from the furnace
and placed on end, the open end being loosely covered to prevent undue
© oxtdation. It was observed that the product was strongly magnetic.
Several samples weighing about 200 grammes - were roasted in this manner
for a.period of 5 to 7 hours and results were fairly concurrent, the magnetic
portion (using a horseshoe magnet) running from 88 to 92 per cent, a,nd
the total iron 50 to 52 per cent.

(B) The second method employed was by distillation, and is identical
with that described in the treatment of residues from pyrrhotite leaching
tests Nos. 9, 10 and 11, the container being similar to the one used in the
previous method. This container was charged with 200 grammes ore and
placed in the muflle furnace at 750°C. It was found that the time neces-
sary to accomplish the elimination of the sulphur atom required from
12 to 14 hours. This time was reduced to about 7 to 9 hours by increasing
the tempm ature to 840°C. No special precautions were taken to condense
the gaseous sulphur, a simple air-cooled receiver with a loose cover being
employed. This served to recover only 30 to 45 per cent of the sulphur
in the ore charge. The sulphur so obtained was of a deep yellow colour,
and there was also a very small quantity of dark brown oily fluid which
finally solidified with a deep yellow éolour.

No satisfactory method of observing the progress of distillation was
available so that it was necessary to examine the residue for unaltered
pyrite, and if any was found the whole was re-distilled. A number of
samples were thus treated, and on examination the residues were non-
magnetic, and of a slightly lighter colour than the magnetic material.

To determine the difference between the magnetic and non-magnetic
_products an analysis was made. The samples were first’ passed over an
Ullrich magnetic separator. TFrom the material obtained by method A,
98 per cent was separated as magnetic, the 2 per cent non-magnetic being
discarded. From the material obtained by method B, 14 per cent was
separated as magnetic and discarded. Analysis of the magnetlc and non-
magnetic resulted as follows:—

) Mngnetic Non-magnetic
TobAl T10M. L ivvviirenieeie i inr e ciesananienaenns 5350 per cent 51 85 per cent
Ferrous iron, L 52.250 ¢ 1-85 ¢
Sulphur..... vee 320 s« 33 40 ¢

eer 1e “ 1-90 ¢
7T . « 074 ¢
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‘Tt will be observed that the magnetic product contains a small per-
centage, namely, 1-25 per cent ferric iron, possibly due to magnetite having
been formed in the roasting.

Leaching roasted pyrite—~Leaching tests were made on the magnetic
and non-magnetic products to determine which product gave the best
extractions, and to find how the extractions compared with those of
pyrrhotite under the same conditions as in the pyrrhotite leaching tests
Nos. 9 and 10. '

Leaching test No. 18 on magnetic material—

Quantities:—

4 litres solution at 71  grammes per litre ferrous Fe. = 284 grammes e,
73 “ forric Fe. = 202 “
138:5 “
5-17 “  Cu.
2.0 “  Phb.

265 grammes ore at 52-25 per cent available Fe.
1.95 “  copper
0-76 “  lead

nnn

No excess ore.

Solution heated to 75°C., ore added, and temperature raised to 95 to 98°C.
Time tests taken showed — :

After 2 hourS..u. v e i e neennennnnn 127 grammesg per litre ferrous Fe.
S T O Sarees 160 “ «
L T ceess 178 “ “

Test stopped at this period, rapidly cooled and filtered, washing residue
and making up to original volume of 4 litres.

Volume 4 litres at 152 grammes per litre ferrous F'e, = 608 grammes Fe.
17 “« ferric Fo. = 68 “

Residue weighed 135 grammes and contained:—
Iron..ovvvennns. Cesseteerenteretrtnrerearensanas 22-2 per cont=30 grammes
[00)1]: 1 S PP Cereeeans . 035 ¢ = (.47 “
Lead...o.vvveiiiiiiieeirinnniienssnnnineennns,. Trace

Result 6 hours extraction:—
Tron extraction................ Cereeenens 750 per cent
(8705031 240 ¢ 1012 o) | 90 “«
Lead extraction...ueveeeiuiveiniirennrennnnn, ceveiereiiees, 95 to 100 f«

Leaching test No. 13B:—
Purpose—To duplicate test No. 13.

Quantities:—
4 litres solution 2t 73 grammes per litre ferrous Fo. = 292 grammes Te.
70 « ferric Fe. = 280 “
266 grammes ore at 52-25 per cent gvailable Fe. = 138-5 “
1-95 “  copper 5.17 “  Cu.
0:76 “  lead “  Ph.
Excess ore, 4+0 per cent.

i
2o
=
S

Solution heated to 75°C., ore added, and temperature raised to 95 to
-98°C. Time tests taken showed:—

After 2 BOoUIS.veer e e erieinenenrernns 125 grammes per litre ferrous Fe.
S S 140 “ “
R . Ceriieesreereees 163 «“ “

Test stopped at this period, cooled rapidly and filtered, washing residue
and making up to 4 litres.

Volume 4 litres at 157 grammes per litre ferrous Fe. = 628 grammes Fe.
15 “ ferric Fe. = 60 “
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Residue weighed 1345 grammes and contained :—

Iron.....covuues 2645 per, cent 35:6 grammes (90 per cent in ferrous condition)
COopPPereceivensn, 0.45 0-6
Lead......... .. Trace

Result of 6 howrs extraction:—

Tron extraction... 77.7 per cent
88.4

ad 95 t0 100«
Leaching test No. 14—Non-magnetic material—
Purpose—Comparison with test No. 13.
Quantities:—
4 litres solution at 73 grammes per litre ferrous Fe. = 202  grammes Fe. ’
70 erric Fo. = 280 “
270 grammes ore at 51:8b per cent iron = 140 “«
1.90 “  copper = 5.13 “  Cu,
074 % lead = 200 “ Pb

Tixcess ore, b per cent.

Solution heated to 75°C., ore added and temperature raised to 95 to 98°C.
Time tests taken showed:—

After 2 hourS..vvv vt vieinianeriieniiiinanes 134 grammes per litre ferrous Fe,
“ i it naenes e 156 “ “
R TN S £ 1 “ ' R

Test stopped at this period, rapidly cooled and filtered, washing residue

and making up to 4 litres.

Volume 4 litres at 168 grammes per litre ferrous Fe. = 672 grammes Fe.
ferrio Fo. = 12

Residue weighed 142.1 grammes and contained :—
21+15 per cent= 30  grammes (88 per cent ferrous)
1.23  « = 1.75 «

Trace

............................................. 88 per cent
e e e e e ee e teae et as e e nieans 66 «
............................. 95 to 100 “

Leaching test No. 14B—
Purpose.—Duplicate of 14.
Quantities:—

4 litres solution at 72 grammes per litre ferrous Fe. = 288  grammes Fe.
71 ferric Fe. = 284 “«

270 grammes ore at 5185 per cent iron = 140 o
1-90 copper = 5.3 €« Cu.
074 “  lead = 2.00 “ Pb.

Tixcess oxe, 3+6 per cent.

Solution heated to 75°C., ore added and temperature raised to 95 to 98°C.
Time tests taken showed:—
After Z hours .......... e teeatereatiaetreans %gg grammes per litre ferr(ﬂ:s Fe.

“ g o« v ;196 . “ “

Test stopped at this period, rapidly cooled and filtered, washing residue
and making up to 4 litres.

Volume 4 litres at 166 grammes per litro ferrous Fo. = 664 grammes Fe.
8 ferric Fo, =
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Residue weighed 136-6 grammes and contained:—

5 ) 1 VO 18-3 per cent=25 grammes (91 per cent ferrous)
(0707115 0.7 ¢ = 1.02 “«
Lead....oovveiieiiveneninns Trace

Result 6 hours extraction —

Tron extraction. cou.evererenreisrsninrniieesiiiniicisonraes 86-6 per cent
COPPET & ittt i e 0.0
Lead L N 95 to 100 “

Comparing these results it would appear that the magnetic product
gives the higher copper extraction and the non-magnetic gives the higher
iron extraction. No explanation can be given for the difference in copper
extraction on duplicate tests Nos. 14 and 14B. The iron and copper
extractions obtained on the magnetic material compare very closely with
those obtained on the natural pyrrhotite, and the iron extraction from non-
magnetic material is slightly better than from the natural pyrrhotite.

CorrER RECOVERY

95 to 98 per cent of the copper was recovered from the solutions by
precipitating on steel turnings, but no lead was found to be precipitated
with the copper.

TesT oN CoMPLEX SULPHIDE ORE

In an endeavour to obtain some idea as to’how other metallic sulphides,
and particularly gold and silver, would be acted upon in this process, a
preliminary test was run on a complex sulphide ore. It was thought
advisable to use a sample with high gold and silver content, as more
accurate data would probably be obtained than by using low-grade ore.

The sample, selected for this test, was from a concentrate obtained
from the Woodsworth ore which was shipped to this laboratory for ore
dressing tests. An analysis of the concentrate is as follows:—

[T G e 20-2 ozs. per ton
Silver 15-68 |, ¢
0-92 per cent
2:50 ¢
. 15:20 ¢
. 2890
. 39.28 ¢
8.00
1.57 «

The iron was present mostly as pyrite, and the sample was therefore
roasted in a non-oxidizing atmosphere as outlined in pyrite roasting treat-
ment A, the temperature not exceeding 750°C. The roasted product’ had
the following analysis:—

22-2 ozs. per ton
1 ‘2 [13

7

1-08 per cent

2:94 ¢
17.70 ¢
34.0 “
29.20 «

0.57 «

The loss in weight was 146 per cent.
83360—8
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From these figures it would appear that the volatiles consisted only
of sulphur and arsenic, 70 per cent of the latter being volatilized. Theo-
retically, the product contains 55+ 7 per cent of metallics capable of reacting
with ferric chloride (excluding arsenic). '

Leaching test—A leaching test was made on this roasted material,
observing the regular procedure.

Quantities:—

3.3 litres solution at 30  grammes por litfo ferrous Fe, = 99  grammes Fe.
71 ¢ ferric Ye. -3 “

|

210 grammes ore at .65-7 per cent reacting metals =117 - «
- 34 “ iron = 71.4 “

17.7 “  zing = 37-17 grammes Zn.

2:04 % lead = 8.17 “ ° Ph.

1-08 “  copper 2.27 i« Cu.

No excess ore. .
OCSolution heated to 75°C., ore added and temperature raised to 95 to
98°C. :
Time tests taken showed:—

Aftor 2 hours... v vive it i ineeinenananss 91 grammes per litre ferrous Fe.
“ it reeaissaisasiieaiseaanas 134 ¢ “
L T P 143 “ ¢«
w g DINDINDDIIDNINDIN s e z

Test was stopped at this period, cooled and filtered, and residue washed.
Volume 3 litres at 132-33 grammes per litre ferrous Fe.=397 grammes Fe, and trace ferric Fe,

Residue weighed 96 grammes and contained:—

6-46 per cent =6-2 grammes
0-35 « =0.336 ¢«
Trace
1.97 ¢« =1.89 «“
50-79 ozs. per ton=0-1672 “
6-88 «“ =0-02265 “
Result 6 hours extraction:—
B F0)1IE) <1 117 (o3 ) VA 085 per cent
(0703 7= 85:2. «
Load i i i i s s e et 99.0 «
Zine DO T 94.9 «
Gold U TP e rieeeriraae None
Silver it e tetatteetartrat ettt atrsaeaerthea e 817«
) zéfsenic was present in both residue and solution, but was not deter-
mined. - ~ .

The extraction is remarkable in that it is about 98 per cent of the theo-
retical. The iron extraction is outstanding and it is perhaps possible that
some of the other metals act in the manner of catalysts and increase the
extraction. The gold is left almost free from other metals and from the
residue it should easily be recovered. ‘ ‘

REcovErRY OoF METALS

The recovery of these metals from solution presents-an interesting
problem, upon which the success of this process will very much depend.
It is essential that the method employed should not introduce any sub-
stances that would interfere in any way with the subsequent recovery of
the iron by electro-deposition. Serap iron or steel, hydrogen sulphide,
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and sodium sulphide are probably the most commonly used precipitants.
These precipitants were tried with the following results:—
Recovery using steel turnings '

A quantity of the solution from the above test was treated with
steel turnings for 214 hours with stirring, at a temperature of 75°C.,
the precipitate filtered off and assayed. The following recoveries were
made, based on the amount of the metal in solution:—

It is quite within reason to expect that a second treatment would
have resulted in a more complete recovery. The recoveries obtained above
would represent a total recovery of these metals from the ore of i—

(0703 5 13 730 per cent
T 84.9 ¢
L1 636 ¢

The silver recovery would of course be increased by the amount of
siIY(Calr recovered with the gold values in the subsequent treatment of the
residue.

Recovery using sodium sulphide

The amount of sodium sulphide required to precipitate the reacting
metals in solution, plus a small excess, was added to the solution at about
70°C. and treated with occasional shaking for 30 minutes. The precipitate
obtained was filtered off and assayed, showing the following recoveries of -
dissolved metals:—

{8703 151 64.5 per cent -
Lead.... 25-0
gilver.... 48.5

/71T 2 3.0 «

The filtrate was treated with a further quantity of sodium sulphide,
using half ag much as in the first treatment, in the same manner and time.
This second treatment resulted in additional recoveries that brought the
total recoveries up to:—

[0 1) 2 =3 P 85-2 per cent
77 66.9
1 53043 79.7 «
/75 T 10-5
Iron precipitated..ovses v ivriiiiiirniieiinrereinereiiiinainian 1.7 «

A third treatment in the same manner showed a further increasei’in
metals precipitated, resulting in total recoveries from solution of:—

representing total recoveries from the ore of:—

Copper...
Lead....
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Recoveries using hydrogen sulphide

This test was conducted in a large flask, using hydrogen sulphide as
precipitant under a slight pressure for 5 minutes. Precipitate was filtered
off and an assay showed recoveries from solution of:i—

CODDOT . 4t vasneeaeneenstuseseetosoninssvosnesasseinssnacansonaons 900 per cent
Lead 8.6 &

.............................................................

Amount taken for this test, namely 200 c.c., was too small to permit
accurate silver determinations, and therefore 110 recovery in silver could -
be figured. A second treatment with hydrogen sulphide for 20 minutes
showed an increase that gave a total recovery from solution of:—

(0703 5= AN 92.0 per cent
91 .3 [{}

A third treatment with hydrogen sulphide for 20 minutes brought the
total recovery from solution to:—
(071315 32 % per‘cent

[0 13 1) gi g per‘cent

This test clearly demonstrates the suitability of this process for the
treatment of this type of ore, and it is evident that quite simple methods
can be employed in the recovery of metals contained in the leach from

this ore.
CONCLUSIONS

The tests were carried out on a laboratory experiment scale, antici-
pating, as far as possible, problems and conditions that would arise in
actual practice, before attempting to experiment on a larger scale.

These tests have demonstrated that on an average 80 per cent of the
~ iron and copper can be extracted with ferric chloride from pyrrhotite ores.

Pyrite, with a preliminary treatment, has also been shown to be amenable
to this treatment, with almost 51m11a1 recoveries. Lead, zinc and silver
are also easily extracted gold is separated in a more concentrated con-
dition, and methods for recovery of these metals have been described,
with the exception of zinc, for which no satisfactory method of separatmn
has yet been found.

The separation of iron has, so far, not been attempted, as no suitable
apparatus is at hand. However, a special laboratory is being equipped
with the necessary apparatus for electro-deposition of metals, and also
with leaching and precipitating apparatus, so that a more complete study
of the application of this process to Canadian ores can be made under
conditions more closely approximating those of actual practice. '
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1V
SELECTIVE FLOTATION AS APPLIED TO CANADIAN ORES

C. S. Parsons
SELECTIVE IPLOTATION PROBLEMS

For the purpose of this article, selective flotation is taken to mean
the separation by flotation of one mineral from another, where two or
more flotative minerals are present in an ore. The separations generally
required are on complex ores, consisting of combinations of lead, zinc and
iron gulphides, copper, zinc and iron sulphides, molybdenum and iron
sulphides, antimony and arsenical iron sulphides, graphite and iron sul-
phides, and other similar combinations.

The logical way to separate these minerals by flotation is to float first .
the mineral which has the highest floating properties. A list of the more
common minerals met with in selective flotation, in order of the ease with
which they are floated, from the writer’s own experience is: graphite,
molybdenite, stibnite, galena, chalcopyrite, sphalerite, pentlandite, pyrite,
arsenides and antimonides, ete., pyrrhotite, arsenical pyrite. Ior instance,
in the selective flotation of a lead-zinc sulphide ore, the lead should be
floated first, as it is the more easily floated mineral of the two, in a copper-
zine ore, the copper should be floated first, and so on.

O1Ls USEp FOR SELECTIVE FLOTATION®

During the early stages in the development of the flotation process
much more weight was given to the function of the oil than is given at
present, as it was supposed that every ore required special oils. Dozens
of different oils and oil mixtures were tested on each ore. Some mills were
operated in which oil mixtures containing four or five different oils were
used, whereas in all probability only one or two were essential. The
Depa,1tment has over 300 samples of oils, but of this number 90 per cent
are never used in the regular test work. It has been found that satis~
factory results can be obtained on the majority of ores from a group con-
taining a few varieties. A list of the oils in this group is given, together
with the selective properties of each as found by actual experience.

Reagents used for the flotation of lead sulphides in the presence of
zine and iron sulphides:—
Mixture of coal tar and coal tar creosote.
Cresylic acid. .
7 cake or thiocarbanilide.
Steam distilled pine oil.
Light hardwood creosote oil.

Reagents used for the flotation of zinc sulphides from iron sulphid e
after lead or copper sulphides have been removed:—
KX oil No. 2—Southwestern Fngineering Co.
No. 634 creosote oill—Barrett Co.
Sodium creosote from hardwood.
YZ mixture, or xylidine and thiocarbanilide.

*Qil, in flotation terminology, is a generic term used to designate the organic substance that
is used to produce a froth or effect sclection of metalliferous minerals (Taggart),
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No. 34 gravity fuel oil—G. W. Oil Co.
TT mixture.
Water-gas tar—Barretts.

Reagents used for the flotation of copper sulphides from zine and iron
sulphides:—
Mixture of coal tar and coal tar creosote. .
XY mixture or xylidine and alpha-naphthylamine.
Neutral fractions of hardwood oils.

Reagents used for the flotation of copper sulphides from iron
sulphides:—
Barretts No. 634.
XY mixture _
%ﬁ;ﬁg&g © Reagents of the General Engineering Co.
ZY mixture
Sodium resinate—use very limited.
T'uel oils (paraffin base).

Reagents used for the flotation of copper-nickel sulphides from iron
sulphides:—
: Thiofizzan.
TT mixture.
XY mixture.
TFuel oil (paraffin base).
Coal tar and coal tar creosote mixtures.

Reagents used for the flotation of molybdemte and graphite from iron
sulphides:—
Kerosene oil.

Frothing reagents used with the above:—
Steam distilled pine oil.
Fuamol—manufactured by Canadian Electro Produets Co.
Ketone oil—manufactured by the Standard Chemical Co.

AppitioN REAGENTS

The use of addition reagents is as important as the use of oils for
selective flotation. If the conditions in the pulp are correct there is gener-
ally found to be considerable latitude with regard to the kind of oil used.
In the writer’s experience, the chief function of the more common addition .
reagents used in practice for selective flotation are:—

Lime.—The use of lime for the selective flotation of certain minerals
was first brought to the attention of the Department in 1917, when
operating a customs plant for the concentration of molybdenite ores
from all points in the Dominjon. A few carloads of very badly oxidized
ore were received and trouble was encountered in floating the molybdenite.
It was found that large quantities of soluble salts were contaminating the
pulp. Lime was added to the ball mill with the object of preventing these
salts from going into solution, and it was found that the lime, besides
eliminating the trouble with soluble salts, also prevented the iron sulphides
from floating, resulting in a much higher grade concentrate. In this con-
. nexion a very interesting phenomenon was observed. When the pulp was
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contaminated with soluble sulphates, as much as 100 pounds per ton of
kerosene oil could be added without causing any raw oil effect on the
cells, a voluminous but absolutely barren froth being obtained. On
ordinary clean ores the addition of one pound of kerosene oil would pro-
duce a raw oil effect on the cells and kill the froth. The only explanation
that could be advanced was that the presence of soluble sulphates in the
pulp caused the oil to form a stable emulgion. It was found that if the
soluble salts were subsequently washed from the pulp, the emulsion was
broken down and the oil appeared on the surface of the cells.

When lime is used it should always be added to the ball mill feed,
as long contact with the pulp is essential owing to the time required for
the lime to go into solution. Lime is used in the selective flotation of
copper sulphide ores to prevent the iron sulphides, also the zinc sulphides,
if present, from floating. In the selective flotation of lead-zine sulphide
ores, it prevents the zinc sulphide, ag well as the iron sulphides, from float-
ing. In the flotation of antimony ores it has been found to absolutely
prevent stibnite from floating. It is used in the flotation of molybdenite
and graphite, where iron sulphides are present, for the same purpose.
The quantity added varies from one to twenty pounds per ton of ore.

Soda ash.—The addition of soda ash to the flotation pulp will increase
the flotation of zine sulphides, copper and nickel sulphides and stibnite,
and has a tendency to prevent iron sulphides from floating. The quantity
used varies from one to ten pounds per ton of ore. '

Sodium sulphite—This reagent is used in the selective flotation of
lead-zine sulphide ores. It prevents zinc sulphide from floating but has
a slight tendency to float iron sulphides, so that if these are present in any
quantities, lime must be used also.

Copper sulphate—The addition of one to two pounds of copper sul-
phate per ton of ore, when an alkaline pulp is used, will generally assist
the flotation of zinc sulphide.

ConrtroL oF FroraTioNn PurLp

The control of the pulp in a flotation plant is very important and
should be given as careful attention as in a e¢yanide plant. Commencing
at the discharge of the primary, wet-grinding mills, control samples should
be taken of each succeeding step in the operations at various intervals of
time. The correct condition of the pulp for flotation must be obtained
before it enters the flotation cells. Characteristics displayed by the pulp
in the ball mill discharge and in the classifier circuits will in most cases
indicate to the operator how the cells are working and whether the pulp
is in the right condition for flotation.

Density control.—Careful control must be maintained of the density
of flotation pulps. The densities should be kept as uniform as possible
and only vary between very narrow limits. The reason for this is obvious,
ag any variation in the dilution of the pulp will change the concentration
of the modifying reagents used to increase the selective flotation. It is
often found necessary to sacrifice efficiency in the grinding circuits to obtain
efficiency in the flotation circuit. For instance, in order to obtain a low
tailing in the selective flotation of a copper-iron sulphide ore, it has been
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necessary to maintain a pulp density in the flotation cells of 1 :2-5.
Dewatering of the flotation feed could not be practised because a definite
protective alkalinity with lime must be maintained in the cells to prevent
the iron sulphides from floating.

Temperature conirol.—The control of temperature in the grinding mills
is very important in the case of easily oxidized ores, such as the copper-
nickel ores of the Sudbury district and copper ores where the chalcopyrite
Is associated with large quantities of iron sulphides. Trouble in this con-
nexion is seldom met with in conducting the small scale tests. The tempera-
ture can be controlled by pulp d1lut10n, but to do so genemlly means
sacrificing the grinding efficiency.

The control of temperatures in the flotation circuits for selective
flotation is practised in certain plants where large tonnages are handled
to raise the grade of the concentrate being produced. It introduces an
extra item of cost and should only be done when absolutely essential,
and where a profit can be shown as against flotation at ordinary tempera-
- bures.

Control of soluble salls.—In conducting selective flotation tests, the
greatest care should be taken to obtain samples which will truly represent -
the ore to be concentrated. The samples should be of freshly mined ore.
In an ore consisting of a larpe percentage of sulphides, soluble salts form
very rapidly. The writer has found that the lead and nickel sulphides
in samples of lead and copper-nickel ores, crushed to 10 mesh, will oxidize
so rapidly that, in as short a time as ten days, the flotation properties of
the minerals W111 be seriously affected. All ores contain soluble salts which
~are generally sulphates of iron, aluminium, calcium and magnesium.

These salts play a very important part in selective flotation and no definite
rules can be given as to how they will act. Large amounts of them will
interfere with and even prevent flotation. Small amounts either interfere
or improve the selective flotation of one mineral from another. In con-
ducting selective flotation tests, the amount and nature of the salts should
be determined for every ore. The subject of overcoming or taking advan-
‘tage of their effect is too large a one to consider in detail in this article.
Further reference is made to them in dealing with the type of testing
apparatus.

Control of modifying reagents.—Samples of the water from the flotation
cell tailing should be taken at regular intervals and analysed for protective
amounts of modifying reagents.

Examprms oF SmLucTIVE FLoTATION PRrOBLEMS

A copper-zinc-iron sulphide ore.—This particular ore was a complex
association of copper, zinc and iron sulphides on which grinding to 200
mesh was necessary to free the minerals. It contained chalcopyrite 7 per
cent, zinc blende 7 per cent iron sulphides 73 per cent, and gangue minerals
13 per cent.

It was found that a high-grade copper concentmte could be obtained
by using lime to prevent the pyrite and zinc blende from floating. The
pulp, after flotation of the chalcopyrite, was dewatered to eliminate the
lime. Fresh water and soda ash were added for the flotation of the zine
blende. The governing condition for the separation was in the control of
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the lime added for the selective flotation of the chalcopyrite. It was
found that lime, in excess of the requirements to produce a high-grade
copper concentrate, was necessary to prevent the pyrite from floating with
the zinc blende. The addition of lime to the zinc heads did not produce
the same effect, nor did running the pulp direct from the copper cell with-
out dewatering. In both cases so much lime was present that the zinc
blende could not be floated. The lime had to be added to the grinding
circuit before flotation of the chalecopyrite. Investigating the reason for
this it was found that, apparently, a skin formed around the grains of
pyrite resulting in a greater concentration of lime around the pyrite than
in the remainder of the pulp. The concentration of the lime around the
grains would vary according to the amount of lime in the pulp, so that it
was necessary, in the first place, to add enough lime to obtain a concentra-
tion in the film that would maintain the wetting effect on the pyrite after
dewatering for the selective flotation of the zine blende.

A copper-iron sulphide ore.—This was a heavy sulphide ore of copper
containing 3 per cent copper as chalcopyrite, 39 per cent iron as pyrite,
and 8 per cent ingoluble. Grinding to 100 mesh was necessary to free the
minerals. An alkaline pulp was maintained by the addition of 10 pounds
of lime to the ball mill. The most important point was found to be the
control of the pulp density in the flotation cells. A low tailing could only
be obtained when a density of 1:2:5 to 1 :3 was maintained in the cells.
Under these conditions a concentrate containing 22 per cent copper with
a recovery of 95 per cent of the copper values was obtained from this ore
without the least difficulty.

Lead-zinc~iron sulphide ores.—The following method has been proved
to have the most general application. Lime and sodium sulphite are
added and ground in contact with the ore in the ball mills. The lime is
added to keep the iron down, and the sodium sulphite to keep the zinc
from floating. After the flotation of the lead, the tailing pulp from the
lead cells is dewatered, eliminating the bulk of the lime and sodium sulphite.
The pulp is then made up to the required density with fresh water, and soda
agh and copper sulphate added for the flotation of the zine. This method
was used to obtain the separations given in examples Nos. 1 and 2 in the
accompanying tables. The method used by the Consolidated Mining and
Smelting Co., at Trail, to concentrate the ore from the Sullivan mine has
also been used with success. An ore containing 1-96 per cent lead, 5-52
per cent zine and 7-42 per cent iron, all as sulphides, was treated by this

" method. Example No. 3 in the accompanying tables gives the results of

a tonnage test on the ore. In this particular case the ore was ground to
65 mesh to free the minerals. The oils used on the Sullivan ore were found
to be unsatisfactory, but no change in the addition reagents was neces-
sary. Soda ash at the rate of 5 pounds per ton was fed to the ball mill
together with a mixture of coal tar and coal tar creosote. A little cresylic
acid was added to the lead cells together with 0-1 pound per ton of sodium
cyanide. The tailing from the lead cell went to a mixer where the Barretts
No. 634 oil, T'T mixture, and 1 pound copper sulphate per ton were added
for the flotation of the zine in the zinc cells.

A zinciron sulphide ore~—~The selective flotation of the zinc can
generally be obtained by the use of an alkaline soda agh pulp, but in some
cases the soda ash will not hold down the iron and it is necessary to use
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lime. When lime is used it should be added in the ball mills and the pulp
dewatered before the soda ash is added. Copper sulphate will often
increase the recovery of zinc.

The oils used in the above methods of separation have been purposely
omitted. The reason for this is that while the addition reagents have
been found to give consistent results on a variety of ores, the oils have not.

ExAMPLES OF SELECTIVE F'LOTATION

The following tables contain examples of separations obtained in the
laboratory of the Department of Mines by selective flotation:—

Separation of copper-zinc-iron sulphide ore:—

Approximate analysis: Chalcopyrite 7 per cent, zing blende 7 per cent, iron sulphides
73 per cent, gangue minerals 13 per cent.

Analysis . . Distribution of values
Product Cu. Zn. Fe. Au, Cu. Zn. Au.
per centlper centfper cent| oz. |per centiper centijper cent
Copper concentrate.ioveeeeiiienianns 167 4.4 24-3 0-10 | 87-9 106 18-2
Copper middling..oovuieesrerasrnens 1.8 8:7 283 0:10 1-89 4.17 36
Zino concentrate..ceeeveiiiianiinnn, 0-45| 40-7 17.9 1 0.1 1.27| b2-52 10-8
Zine middling.ceverererseerienns 0-5 8:9 33.7 0-07 1.34'| 10-90 6:6
alling....o00s 0-3 1.9 35-4 007 7-57 ] 21-84 608
Separation of copper-iron sulphide ore:—
Analysis: Copper 2:98 per cent, Fe. 39:0 per cent, insoluble 8:0 per cent.
Analysis | Reco;/ery
Product : - Cui cogper
per cent |. per cent
COPDET CONMCENTIALE. vevaeeenrronrneresarseesssssaesencassseesassssasnsn 20-20° 93-3
Al s v v e veensnernecoseenoesasssassesnesssosnesassrasesnssannsnnnans 0-12
Separation of lead-zinc-iron ores:—
Analysis: Lead 17:6 per cent, zinc 28+88 per cent, silver 1345 oz. per ton.
-BExamrie No. 1
Analysis Distribution of values
Product
Ph. Zn. Ag.
per cent | per cent 0z. Pb. Zn. I Ag.
60-0 8:5 42.0 76-2 6-5 G9-6
7-0 45-9 6.6 21-6 86-5 26-7
1.6 8:5 21 2.1 6-8 36
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ExamprLe No. 2
Analysis: Lead 11-40 per centf, zinc 11:40 per cent, iron 32:25 per cent.

Analysis Distribution of values
Product Pb. 7.
per cent per cent Pb. Zm,

Lead concentrate............ [ 5260 6:10 63-0 75
Lead middling....ooovvuiierrerenencasaaesseses 219 10:0 9-4 4.3
Zine concentrate.......oovviiiiiiiiiinnn. raee 8:3 37-4 17.1 773
Zine middling....oovvvvrriiieanins 9.8 11-1 2.1 2:4
Tailing. ..o v vrreesenrarsrsaessonriaeassons 1-67 1.7 8-4 85

Exameie No. 3

Analysis: Lead 1:96 per cent, zinc 5-52 per cent, iron 7:42 per cent, gold 0-02 oz. per ton
gilver 3-23 oz. per ton.

Analysis Digiibution

Product
Pb. Zn. Cu. | Ingol. Au, Ag. Pb Zn
per centiper centiper cent|per cent{ oz. 0z. ‘ .

Lead concentrate...........[ 51-09 4.17| 2-60.] 16-13| 0-30] 66-20 89-4
Zine concentrate.......... . 1.00] 46-19 |........ 94-8
Tailing,....ceoovaevveennans| 015 0-32 :

Separation of copper-nickel pyrrhotite ore:—
Analysis: Copper 1-56 per cent, nickel 1:24 per cent.

: Distribution
Analysis of values
Product C e G +'N’
u. i u.-+Ni, :
per cent | per cent | per cent Cu. Ni.
Congentrate, 12:5 9:6 22-10 97-2 85-6
ailing,..... 0-05 0:20 |....... 2.8 14.4

SMALL ScALE TESTING APPARATUS FOR SELECTIVE FLOTATION

The majority of testing laboratories are equipped with the small
bateh type of laboratory apparatus. The writer has found that the results
obtained in this type of machine are, in many cases, unreliable and cannot
be obtained in practice. This particularly applies to selective flotation
tests and to tests on ores containing appreciable amounts of soluble salts.
The batch machine is very satisfactory for preliminary work, but a con-
tinuous feed type of small testing unit with its own grinding circuit should
be used to check the results. In this latter type of testing apparatus, the
reagents can be added continuously with the feed, as in practice, and not
all at once which is generally the case in conducting batch tests. The
batch method will usually give a better separation than can be obtained
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in practice. If a small scale flotation machine, with a continuous grinding
circuit, is not available, the following procedure should be tried out to check
the batch methods of adding reagents. During the grinding of the sample
the ball mill should be stopped, opened up, and portions of the total amount
of reagents to be used added from time to time instead of all at once, and
in this way conditions more nearly approaching mill practice are obtained.
In conducting flotation tests, the ore should be prepared by wet grinding.
Dry ore should never be fed to the flotation machine unless dry crushing
is to be adopted in the milling practice.

CONCLUSIONS

The application of selective flotation has increased rapidly in recent
years. Although it is a new field in ore-dressing, the scope of its usefulness
is gradually being enlarged. It will play a very important part in the
economic treatment of complex ores and will permit the commercial
development of many ore-bodies which have hitherto been thought unprofi-
table and will prove to be an important factor in the development of our
mineral resources.

The purpose of this paper is to introduce the subject of selective
flotation in the hope that other investigators will publish the results of
their work and the methods used both in the laboratory and in practice.
As yet, very little information has been published. It would be to the

‘mutual advantage and benefit of all concerned if it were more openly and
freely discussed.
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A

EXPERIMENTAL TESTS ON THE BENEFICIATION OF
' CANADIAN IRON ORES

W. B. Timm

The Ore Dressing and Metallurgical Laboratories of the Mines Branch,
Department of Mines, Ottawa, were first equipped in 1909 for experi-
mental work on iron ores, and previous to the war a large amount of test
work was conducted on the beneficiation of Canadian iron ores. During
the war the laboratories were used almost entirely for work on war minerals,
and since the war for experimental test and research on non-ferrous ores.
‘The progress made on the beneficiation of iron ores has been closely
watched, and the laboratory equipment for this work kept up to date by
the purchase of improved apparatus, so that the pre-war work can be
supplemented by further investigations, when, by prospecting and develop-
ment work, representative ore is made available for test.

Experimental work has been conducted on shipments of a few hundred
pounds to forty-five tons, from various localities, such as the Bristol
mines, Bristol, Que., the Bathurst mine, Bathurst, N.B., the Wilbur mine,
Wilbur, Ont., the Culham mine, Lanark, Ont., Nictaux-Torbrook mine,
Torbrook, N.S., Goulais river, Algoma district, Ont., Natashkwan river,
lower St. Lawrence, Que., the Bessemer mine, Bessemer, Ont., the Childs
mine, Bessemer, Ont., Riviere des Rapids, Saguenay, Que., Groundhog river,
Sudbury dist., Ont., Lavant mine, Lanark, Ont., Kaministikwia, Ont.,
and Clarendon, Ont. Results of these tests have been fully described in
the Summary Reports of the Mines Branch.

The following is a brief summary of the more important results of the
experimental tests on the majority of the above ores:—

Wilbur Mine Ore—Shipment 10 Tons

Location of property.—Lots 8 and 4, con. IX, XII, XIII, Lavant tp.,
Lanark co., Ont.

Character of ore~—Moderately fine crystalline magnetite, the gangue
consisting for the most part of quartz, calcite, and chlorite in seams and
stringers throughout the ore. Other gangue minerals present in smaller
amolunts are hornblende and muscovite. Both sulphur and phosphorus
are low.

. Results of preliminary cobbing tests.—These tests showed the magnetite
fairly free at about 40 mesh and a 60 per cent iron concentrate with a low
tailing was made at this mesh.

Results of wet magnetic separation tests—Screen analysis of ball mill
discharge was—on 100 mesh, 24 per cent; on 200 mesh, 67 per cent;




124

through 200 mesh, 83 per cent. Analyses of crude ore, concentrate, and tail-
ing, were:—

Crude ore | Concentrate Tailing

per cent per cent per cent

.............. 48-5 66-10 72
luble residue..... Seerens 13-08 3-30
Sulphur.....eiiveennnn sesesserssnaranbonae rerssisenas 0-105 0028
Phosphorus..ccevvsiesnns tenesasatssaartaiennas Ve 0.011 0-004
i ' 3-00 0-30
640 1-40

Ratio of concentration...ccvveveveereniiririraniineens Cereniireaaan veeses 1:1:43

Recovery...... SAARasaRRsasRsasARAsss éé-3percent.

Wilbur Mine Waste Dump—Shipment 5 Tons

Character of ore—Similar to run-of-mine. Major portion of gangue
granitic gneiss; calcite and chlorite present in about the same proportion as
in run-of-mine.

Results of wet magnetic separation tests.—Screen analysis of ball mill
discharge was—on 100 mesh, 32 per cent; on 200 mesh, 63-5 per cent;
through 200 mesh, 36-5 per cent. Analyses of crude ore, concentrate,
and tailing, were:— .

Crude ore Concentrate Tailing
per cent per cent per cent
0N, civiieinsenncaasanenenss Cereraees 382 64-6 50
Insoluble residue..veeeerisseresassseisoscasoas 22-18 6:11
Sulphur....c.covene reraensenns 0-101 0-023
Phosphorus....... eeeres Cerrenias 0-011 0-006
Lime........ N 3:20 0-14
MAagnesif,...eeereeersaransacnsarasnrnns 7-0 1.64
“RAHIO Of COMCOMTALION. ¢evuverensesaenseeesosserersrecsnssvsssenssnssasress 1118
Recovery..ccoviennins Cereraentensaneiesaneen veseriensearananseass 945 per cent

General conclusions.—A high-grade iron concentrate can be made from
both the run-of-mine and the lower grade waste ore at fairly coarse grind-
ing. The concentrate would have to be sintered, but the resultant product
would be very satisfactory for blast furnace use.

Robertsville Mine Waste Dump—Shipment 5A Tons

éﬁocatz‘on ofproperty.——Loté 3 and 4, con. IX, Palmerston tp., Frontenac
co., Ont. :

Character of ore.—TFairly coarse crystalline magnetite in a gangue of
diorite country rock. Black hornblende and pink calcite with smaller
amounts of white quartz is also associated with the magnetite. Sulphur
and phosphorus present in small amounts.
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Results of wet magnetic separation tests.—Analyses of crude ore, con-
centrate and tailing:—

Crude ore | Concentrate Tailing
per cen per cent per cent
TEOM. et ieie it iii et ieie e ttee e e, 28-00 70-5 3:6
Insoluble residue..useeernrenrrrerrnrrieeeeieessnensens 50-70 3-1
Bulphur. . .ottt ittt i iaaae, 0-004 0:00
PhoSDROIUS. .« v ivietiirerennivunernirnnennennnnas vees 0-028 0-014
5T N 3-30 0-00
MAENEBIR . 4 teer s truerenreerensereneronronsenesssnenses 1-90 0-06
Ratio of concentration..vueiresees e iiierirerrnieneriernirerseererseneess 1:2.74
ROV OIY s eareustrenssosnrertoensnosnssonsoosessonsnsnssrsssaassos 918 per cent;

General conclusions.—A high-grade iron concentrate was made with
a high recovery. The concentrate would have to be sintered, but the
resultant product would be very satisfactory for blast furnace use.

Culham Mine Ore—Shipment 3 Tons

o Location of property—N. % lot 21, con. VII, Bagot tp., Renfrew co.,
nt.
Character of ore—Moderately fine-grained crystalline magnetite, the
gangue being schistose material, calcite and iron pyrites. Both sulphur
and phosphorug are present in objectionable amounts.

Results of wet magnetic separation tests—Analyses of the crude ore,
concentrate and tailing were:—

Crude ore | Concentrate Tailing
per cent per cent per cend
47-7 67-0 6-6
9-3 2.5
1-656 0-357
0:179 0-074
4.20 0-10
0-66 0-05
Ratio of concentration,..vivvessirusiiieriieeineseneiiecnronocsossssnorns 1:1.47

.. 95+5 per cent

Recovery.ucivisesrensnes

General conclusions.—A high-grade iron concentrate was made with
a high recovery. The phosphorus content is above the Bessemer limit,
but low enough for mixing purposes. Sintering would be required, and this
would reduce the sulphur content and make the resultant product satis-
factory for blast furnace use.

Bathurst Mine OCre—Shipments 15 and 10 Tons

Location of property.—Lot 12, range XVII, Bathurst tp., Gloucester
co., N.B.

Character of ore.—A. compact cryptocrystalline mixture of hematite,
magnetite and quartz. The ore possesses a slightly laminated structure,
although an alternate banding of hematite, magnetite and quartz is not
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apparent to the naked eye. Hematite and magnetite appear to be inti-
mately associated in about equal proportions, the colour and streak of the
ore varying from red to black, according to the proportion of ferric iron.

Resulls of wet magnetic separation tests.—Analyses of crude ore, con-
centrate and tailing were:—

Crude ore | Concentrate | Tailing
per cent per cent per cent
TEOD. e v tiesenreneneereneensenseseonensransranensanens 48.7 60-3 382
Ferrous OXide. . cvveeieosoeereorersonssssrsessessanssss 18-1 238 9
Ferric 0XIde. .qveerevecocrencrseescssncnasssnssasnnese 49-4 597 438
Insoluble residUe. . ceseseercisssessssrsaorarerssssenes 16-9 77
BUIDBUL. ot v ereeeenerasseasentiacnteonesiercnnsnsnras 0-127 0-046
S T ) 1103 T e 0-760 0-350
Ratio of concentration..icieiieereserereeionrsncarinsenss [ 1:2:1
RO COVEEY ehetetrononsosnssaneeantseraonasesrannsoensaransassnsansse 588 per cent

General conclusions.—A good grade of concentrate was produced, but
with a low recovery of the iron. The loss in iron was due to the hematite
in the crude reporting in the tailing. This method of concentration is not
adaptable to the Bathurst ore. Magnetic cobbing tests and jig tests were
made on carefully sized ore, but by both these methods it was found that
the grade could not be raised any appreciable extent without a high loss
of the iron content. It would seem that concentration methods beyond a
rough cobbing to remove any waste material broken with the ore are not
applicable to Bathurst ore.

Torbrook Mine Ore, ‘“Hematite Vein’’—Shipment 15 Tons

Location of property.—Nictaux-Torbrook area, Annapolis co., N.S.

Character of ore—The Torbrook hematite vein is composed of hard
compact ore of finely crystalline magnetite and hematite of the specular
variety. The gangue is predominantly siliceous, although lime and
magnesia are present in small amounts. Hematite and magnetite exist
in about the proportion of 1 to 2-6 respectively.

Results of. wet magnetic separaiion tests,—Analyses of the crude ore,
concentrate and tailing were:— ' .

Crude oxe | Concentrate | Tailing
per cent pexr cent per cent
TIOM. esvcersvasruesoeeeacasesnossssanissansassaasasens 47.2 61-0 330
Ferrous oxide. . 14.9 216 9.4
Ferric oxide.. ¢ 508 63-7 36-7
Insoluble residu . 217 9.9
Sulphur......... PN 0:011 0005
Phosphorts. covisiieerssneiieiinernecsnsennioiisssanes 1-41 0-54
MAZNESIA. v veestnerrrossssssecsssssessseresstonsaverss 0-86 0-28
Ratio of concentration....oe.evecrssciresicisiosanns et 1:1.97

ROCOVEIY e ievetrouneennssasessnsoernensanresessnsrnsnnsnsna rrerene .. 65-6percent
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Torbrook Mine Ore, ‘“‘Shell Vein”—Shipment 15 Tons

Character of ore—Very similar in physical characteristics to the
hematite vein, although the former is more magnetic. The ore is siliceous,
but contains considerably more lime than the hematite vein.

Results of wet magnetic separation tests—Analyses of the crude ore,

concentrate and failing were:—

—_— Crude ore | Concentrate Tailing
per cent per cent per cent
e 42.5 60-5 228
Terrous oxide 19:0 21-8 8.1
Perricoxide................ .. 39-6 62-1 236
Tnsoluble 1eSidUe. .. ovvevrrerrerreinreireinenraeensss 18-4 8-5
SUIDRUL. .o e e 0-033 0-005
Phosphorus 1-03 0-62
Lime..ooviieenivirinnnninnnnnss 5-50 0-68
MaNeSiB . c.oeernetieert st i, 0-37 trace
Ratio of coneentration,...ooieueireieirrreeieineenierineriirieirreennns, 1:1.91
RECOVELY . euv et verenrarenrenssencnsens . 74-5 per cent

General conclusions—The Torbrook ores being a mixture of magnetite
and hematite, the greater proportion of the hematite is lost in the tailing
by fine grinding and magnetic concentration. A concentrate over 60 per
cent iron was made in both cases, with low sulphur content but with
phosphorus over one-half per cent. Recoveries of 65 per cent to 75 per
cent were made depending on the proportion of magnetite in the ores.
Hematite slimes badly and it is, therefore, doubtful if tabling of the tail-
ings from magnetic concentration would pay.

Goulais River Gre—Shipment 15 Tons

Location of property—Tp. 22, range XII, Algoma district, Ont.

Character of ore—The ore is extremely fine-grained. It consists
almost entirely of a mixture of silica and magnetite alternating in narrow
bands, the two coustituents varying widely in their proportions. The
leaner bands of quartz contain considerable iron and the richer bands of
magnetite appreciable amounts of silica. The average iron content of the
shipment was about 35 per cent. Sulphur is low, being about 0-05 per cent.

Result of wet magnetic separation tests—Analyses of the crude ore,
concentrate and tailing were:—

_— Crude ore | Concentrate Tailing
per cent per cent per cent
................................................... . 339 50-5 4.3
Ingoluble residue.......ovvveriviiiiivenerenrnennnnnen. 52-1 30-9
UL BUT. ottt et e e, 0056 traces
PROSPROTUS. ¢ ot v evvteeeenereernn s enninensrarenees 0:090 0046
7 Y 0-20
MAagNeSif. vvveeserrreeerrieniare e 0-10
Ratio of concentration......ocevviveiuieriieinniiinnariaiereniocsrnrenans 1:1-57
RO OOV 1 e vseevatsenanennnsnseeensessasnssnsasnssnssessasssasnsons 94.8 per cent

83369—9
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A screen analysis of the concentrate shows 35 per cent on 200 mesh,
65 per cent through 200 mesh. The —200-mesh concentrate contained
61-4 per cent iron, showing that final grinding to 200 mesh is necessary
to produce a product over 60 per cent iron. -

General conclusions.—From the nature of the ore it would seem that
the Babbitt practice of stage crushing, sizing and cobbing, for the elimin-
ation of waste and final reduction and separation at 200 mesh would be
applicable, resulting in a product, on being sintered, better than 60 per cent
iron, low sulphur “and phosphorus within the Bessemer limits, highly
desirable for blast furnace use.

Natashkwan Sands—Shipment 45 Tons

Location of property.—Natashkwan river, lower St. Lawrence, Saguenay
district, Que.

The shipments made consisted of the samples obtained from an
accurate survey and sampling of the deposits.. The sands occur at the
mouth of the Natashkwan river on the north side of the lower St. Lawrence,
for a distance of 6 miles east of the present mouth of the river. The sands
consist of rounded particles of titaniferous magnetite and silica, washed
down by the river and deposited at its mouth. Concentration of the sands
has taken place by wave and wind action along the coast.

Resulls of wel magnetic separation fests—Average analyses of crude
ore, 1st and 2nd concentrates, and tailings:—

Crude 1t 2nd s
- ore concentrate | concentrate Tailing
per cent per cent per cent per cent
5o+ DO 9-60 64061 68-37 5-61
Titanic oxide,....covveiiiiiniiinnnnnns . 2:26 236 1.61 2:69
Siliea,.... PR R 635 227 84.58
Sulphur .. trace
Phosphorus. 0:023
Manganese.. 0:19
Lime....... P e .. 0-13
B FY e =T T O A [ 0-145
Ratlo of lstz1 concentratlon { 1408 Recovery ..................... 45.5 i)er“cent
Tinal ratio of “ 1:16-2 Tinal reco{réfs"..'.: el a3 w

Nore.—Iron analysis given above is total iron, and not magnetie iron, hence the low recovery
by magnetic separatlon.

General conclusions.—The magnetic iron sands of the lower St. Law-
rence can be concentrated up to a high-grade iron product, low in sulphur
and phosphorus, but containing up to 2 per cent titanic oxide. The con-
centrate would require sintering for blast furnace use.

Bessemer Mine Ore—Shipment 2 Tons

Location of property.—Lot 4, con. VI, Mayo tp., Hastings co., Ont.

Character of ore—TFine-grained magnetite, with an associated gangue
of calcite, garnet, epidote and other silicates. The magnetite and gangue
are, however, intimately mixed, and it is possible to cob out a large pro-
portion of the gangue before final separation.
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Result of wet magnetic separation tests—Analyses of crude ore, con-
centrate and tailing were:—

Crude ore | Concentrate Tailing
j:er cent per cent per cent
5 o T 365 674 4.5
Ingoluble residue 35+37 5.87
SUlphUT. o e 0-314 0.185
Phosphorus. . s .. 0-026 0007
ime......... 5-68
BT LT - 0-30
Ratio of ConeentIation, .vvuuvrsueesreueriinrein et iie e, 1:1.96
T 940 per cent

A screen analysis of the ball mill discharge shows:—On 100 mesh, 22
per cent; on 200 mesh, 50 per cent; through 200 mesh, 50 per cent.

General conclusions.—The screen analysis shows that very fine grinding
is not necessary to produce a high grade concentrate. The concentrate
would require sintering, but the resultant product would be high grade,
low in sulphur and phosphorus, and highly desirable for blast furnace use.

Bessemer Mine Ore—Shipment 5 Tons

Results of wet magnetic separation, and siniering tests—Analyses of
crude ore, concentrate and sinter were:—

Crude ore | Concentrate Sinter
per cent per cent per cent
o | P 43.9 67:5 66-2
Ingoluble. ..uenn e e e 30-88 5.98
Sulphur, . ..o e e 0-3 011 0-023
Phosphorus. . ...ovuivneiiierieirineneeiernssesnanannes 0-028 0-019 0-016

The sinter produced was hard and extremely porous, an ideal product
for blast furnace use.

Childs Mine—Shipment 2 Tons

Location of property.—Lots 11 and 12, con. IX, Mayo tp., Hastings
co., Ont.

Character of ore—Granular magnetite with an associated gangue of
calcite, pyroxene, chlorite, ete. Although the ore is quite soft, the gangue
minerals are so intimately associated with the magnetite that fine grinding
is necessary to effect a satisfactory separation of the magnetite from the
gangue.

83360—0%
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Results of wet magnetic separation tests—Analyses of crude ore, con-
centrate, and tailing were:—

— Crudc ore | Concentrate Tailing
per cent per cent per cent
8 35-0 664 57
Insoluble residue 36-8 6-09
113 5) DT PP 0.045 0.022
Phosphorus....... R .. 0.083 0:016
5 YT 5.83
B T4 LT T R 0-41
Ratio of Coneentration. .vu.uue e iereer ittt iari ittt 1:2
ReCOVeIY . vvunrnrreinenens et e eee s e e ae st re e aeaas 92 per cent

A screen analysis of the ball mill discharge showed:—On 100 mesh,
33 per cent; on 200 mesh, 63 per cent; through 200 mesh, 37 per cent.

General conclustons.—The screen analysis shows that very fine grinding
is not necessary to produce a high-grade concentrate. The concentrate
would require sintering but the resultant product would be high grade,
very low in sulphur and phosphorus, and very desirable for blast furnace
use.

Groundhog Ore—Shipment 15 Tons

Location of property—Groundhog river, tps. of Keith and Penhor-
wood, Sudbury district, Ont.

Character of ore—Banded structure, consisting of bands of magnetite,
hematite and jasper, the bands ranging from one-half inch in width down
‘to a very small fraction of an inch. The magnetite occurs almost pure in
some cases, in others mixed with the jasper, and in other cases finely
disseminated throughout the jasper. Coarse crushing will not free the
thinner bands of magnetlte nor the hematite, as the hematite is in most
cases firmly attached to the jasper. The shlpment showed an average
analysis of 35 per cent iron, of which 26-5 per cent was magnetite, and 8.5
per cent hematite, with only traces of sulphur, phospholus and other
impurities. The problem was therefore simply one of raising the iron
content.

Results of experimental tests.—A large number of tests were conducted,
including magnetic cobbing, jig and table concentration, and wet magnetic
separation tests. Magnetic cobbing tests were made on the sized material
from 1 inch down. These tests showed that no appreciable amount of
concentrate approaching 55 per cent metallic iron could be recovered in
gizes coarser than 1/16 inch. By crushing to 1/16 inch, magnetic cobbing,
jig and table concentration of the sized 1/16-inch tailings, a concentrate
was produced, assaying 53-5 per cent iron, with a recovery of 73-2 per
cent and with a ratio of concentration 1: 2.

Wet magnetic separation tests on this ore, followed by tabling of the
tailings, after grinding to 69 per cent through 200 mesh, gave a magnetic
product assaying 64 per cent iron, and a hematite product assaying from
50 per cent to 55 per cent iron, with a recovery of total iron up to 85 per
cent. The ratio of concentration was 1: 1-8.
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General conclusions.—The results of the experimental tests show that
a high recovery of the iron content cannot be expected on this class of ore
by any simple method of concentration. A fair grade of concentrate was
made after grinding to 1/16 inch, and a much better grade on finer grinding.
The concentrate would require sintering for blast furnace use. The sinter
would be high in silica and low in sulphur and phosphorus.

Kaministikwia Ore—Shipment 240 Pounds

Location of property—Marks-Wiley property, Loon lake, Thunder
Bay distriet, Ont.

Character of ore—Banded structure, very similar to Groundhog ore.

Results of experimenial tests—Crushing to 4 mesh, jig and table
concentration of the sized material gave:—

Analysis of crude Totaliron (FFe.)........ovveveevnnivennnennnn.. 37.19 per cent
ore:— Hematite (Fe203)............. . 17.98  «
Magnetite (Fea04). . 33-97 ¢«
Analysis of concentrate: Iron........... . 55 “
Analysis of tailing: Tron..........coviiiirinriiiiireaineans, 20 “
Recoveryof ironcontent........oovvvrver v iirnininiannns 70to75
Ratio of concentration.........c.c.cvvevririiieiriiiiriinirineas 1:2

" General conclusions.—Concentrate too fine for blast furnace use.
Would require sintering. Produet high in silica, low in sulphur and
phosphorus.

The equipment of the Mines Branch laboratories consists of small
and large scale apparatus and machinery permitting of experimental tests
on a few hundred pounds, and on carload lots. With the present equip-
ment, a flow sheet duplicating, on a small scale, the Babbitt practice can
be followed, and various combinations can be set up to permit of deviations -
therefrom. Roasting and sintering tests can be made on a small secale.
With very little additional equipment the laboratory investigations could
be extended to the point where the details of operation might be worked
out in a pilot plant. The chemical laboratories of the Division are
equipped for making all necessary determinations in connexion with the
experimental work by means of the Davis testing tube.

The small scale equipment of the laboratories consists of jaw erusher,
rolls, pulverizer, screen frame for sizing, jigs, Wilfley table, classifiers,
magnetic separators, rotating kiln, roasting furnace, and a Davis magnetic
testing machine for the determination of magnetic iron.

The larger scale equipment consists of Blake crusher, picking belt,
two sets of rolls, Hardinge ball mill, Traylor ball mill, automatic samplers,
two sets of jigs, standard size Wilfley table, Ferraris screen, Hummer screen,
Callow duplex sereen, Dorr simplex classifier with bowl attachment, launder
classifier, Grondal magnetic cobber, Grondal magnetic separator, Davis
magnetic log washer, Ullrich magnetic separator, roasting furnaces, duplex
Dwight Lloyd sintering pans.
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VI

THE SELECTIVE FLOTATION OF THE LOWER GRADE
- NICKELITEROUS PYRRHOTITE ORES OF ONTARIO

W. B. Timm
INTRODUCTORY

The practice of smelting the copper-nickel ores of the Sudbury district
direct in the blast furnace, or by mixing the green ore with a certain portion
of roasted product, or by smelting the roasted fines in a reverberatory
furnace, has given very favourable results. This practice has been especially
adaptable to the higher grade ores when consideration is given to the
favourable market conditions that have prevailed to within the last few
years. ) '

In the treatment of the lower grade ores of the district, of which there
are enormous reserves, it is a question whether it would not be more eco-
nomical to apply certain methods of concentration to produce a product
with a fairly high copper-nickel content prior to smelting.operations. One
of the operating companies has for several years been treating a portion
of their lower grade material by concentration on tables and by flotation.
By sintering these concentrates with flue dust and mine fines they obtain
a roasted product very desirable in many ways for mixing with green ore
for the blast furnace charge.

Experimental tests were conducted in the Mines Branch laboratories
at Ottawa to determine whether a large portion of the barren pyrrhotite,
as well as the siliceous gangue, could be eliminated, with the production
of a concentrate having a copper-nickel content similar to that of the matte
pow being produced. Ifurther, as the success of any such process would
depend to a large extent on the recovery of the. precious metal values,
as well as the copper-nickel values, the experimental work included a
study of the concentration products, to determine whether the precious
metal values were reporting in the copper-nickel concentrate.

THE SELECTIVE FLOTATION OF THE LOWER GRADE COPPER-NICKEL-
ORIES OF THE SUDBURY DISTRICT, ONTARIO

Experimental tests—The first series of tests was made on the lower
grade ores from two mines, to determine whether "a high-grade con-
centrate could be made by selective flotation with high recoveries of the
copper and nickel values, by the elimination of the gangue minerals and
8 large portion of the barren pyrrhotite. No attention was paid to where
the precious metal values were reporting in this series of tests.

Table I gives the results of tests Nos. 1, 2, 4 and 5, on an ore of the
following analysigi— .
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Recoveries indicated include the actual recovery made in the con-
centrate plus 50 per cent of the values in the middling that would be
recovered by returning this produet to the head of the circuit. This per-
centage was proven to be a conservative estimate.

Table IT gives the results of tests Nos. 6 and 8 on the same ore.
The"middling was re-run without further grinding. By regrinding the
middling product, higher recoveries could be expected.

Table III gives the results of tests Nos. 1, 2, 3, 4, 5, 6 and 8 on a still
lower grade ore, of the following analysis:—

(07:31)11=) SN P 047 per cent
Nickel..... e e PRI B N 117«
5o N 20-90 ¢
S T 1) s 11.19  «
25110 42.15 ¢«
TABLE I
s Parcentage Total
Concentra- Analysis of values recoveries
Test | tion. Weight
O | products | B8 Cu. Ni. 4911\111 Cu Ni Cu. Ni. 491{111
per cenb|per cent per ce;lt * * |per cent|per cent per ce;lt
1 | Concentrate 106 12-50 09:-60 1 22:10 93-2 76-2 x
Middling...| 147 | 040 113[.0..0.. 4.1 12-4} 95-3 | 8241 801
Tailing..... 758 0-05 0-20|........ 2-7 11.3
2 | Concentrate 75 16-50 | 10-20 | 26-70 88-3 58.7
Middling...] 15| o0-65| 1-70]........ 7.2 20-2} 01-9| 688 808
Tailing..... 785 0-08 0:35}........ 4.5 21-1
4 | Concentrate 95 | 13-66 9.75 | 23-41 93-6 69-8 .
Middling...| 146 035 1:55[........ 3.7 17-0} 95-4| 783| 871
Tailing..... 758 0-05 0-23........ 27 131
5 [ Concentrate] 170 7-40 6-20 | 13-60 92-0 80-0
Middling...| 94| 055 1.27(....... 3-8 9-0} 93-91 845 892
Tailing..... 730 0-08 0:20}........ 42 11-0
TABLE I1
: Percentage
. Analysis of values
'11;1881; Conce:lltration Weight G
0. products grms, Cu. N1 u. . Cu.
’ ‘Iper cent{per cent p;‘; 1:32;1‘; Cu. Ni. -+ Ni,
6 |Concentrate.................. 376 7:60 5.70 | 13-30 91-4 86-5 89.2
Tailing....ocoonveienennnen. 1,594 0-17 0-21 0-38 86 13-5 10-8
8 |Concentrate.................. 292 9-10 7-50 | 16-60 967 83-4 90-2
Talling.ooovrvrneennninens.. 1,675 0-055| 0-26 0-31 3:3 16-6 9-8
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TABLE {II
Analysis Percentage Total
) of values recoveries
Test Concentration Weight s | Cu. N Cu.
No. products Zrms. C“: Nl: +Ni. s Cu. Cu. | Ni. -+ Ni,
per | por o Cu. | Ni. +Ni| per | per
cont | cent | <o | cent | cent (?e(gt‘
1 |[Concentrate.......... 156126 | 6.2 |88 [87-4]82:6
Middling............. 159 | 0+16 | 0-62 |...... 5.2 8~4} 84:0 | 90-0 | 86-8 | 878
Tailing............... 694 [ 005 | 0-151]..... 7.4 89
2 |Concentrate.......... 1756 | 2-80 { 5-75 | 8-05 | 89-3 | 84-7
Middling.. ... ..0el 181010 [ 0-45 |...... 2.7 4~5} 86-0 | 90-7 | 87.0 | 88-0
Tailing,.............. 7151 0-05 | 018 |...... 8:0110-8
3 |Concentrate.......... 104 [ 2-15 | 5-26 | 7-41 | 89.7 | §7-1
Middling......oovons. 82| 015 | 057 ... .. 2.6 3-6} 82:4 1909 | 81:6) 841
Tailing............... 730 | 0:05]0:20 |...... 7.7 | 10-6
4 |Concentrate.......... 220 | 1-90 | 4.80 | 6-70 | 91:5 | 88-5
Middling............ 744 | 0-05 | 0430 |...... 15 3-6} 80-3 1023 90-3 | 00-8
Tailing.............. G20 [ 0-05 J 015 ]..... 7.0 7-9
5 |Concentrate......... 64 | 3-05 | 7-12 |10-17 | 83-7 | 76-6
Middling. ........... 60 | 0-17 | 0-56 |...... 5.1 0-5} 786 | 8G-3 | 80-0 | 81-8
Tailing.............. 3691 0-07 1027 }...... 11-2 | 16-8
6 [Concentrate.......... 66 | 6-65 |13-36 {20-01 | 82-1 | 73-0 ’
Middling,............ 122 | 0.25 | 1:33 |...... 5.6 13.4} 757 [ 84-9 | 79-6 | 81-2
Tafling............... 8251 0-08]0-204......[ 12-3 | 13-6
S |Concentrate.......... 168 | 2.70 { 5-83 1 8:53 | 93-2 | 80-4
Middling. ........00o 205 | 007 | 0-6L |...... 2.9 10-3} 84:0 1 04-G 1 85-5| 881
Tailing............... G632 | 0:03 | 018 {...... 3:9( 9-3

The procedure followed in conducting the tests was:—

The ore was crushed to 20 mesh; 1,000 grammes was ground wet in
a small ball mill with the reagents for about 40 minutes; a rougher con-
centrate and tailing were first made; the rougher concentrate was re-
cleaned, making a concentrate and a middling. In tests Nos. 6 and 8 of
Table II two 1,000-gramme lots were used in order to obtain sufficient
mlddhng for refloating. The concentrate from refloating the middling
was added to the final concentrate, and the tailing to the rougher tailing,
so as to have only two products, concentrate and tailing.

No test work was done to determine the degree of fineness to which
the ores should be ground to obtain the best results. For the tests, approxi-
mately 90 per cent would pass a 200-mesh screen. For test No. g of Table
111, it was ground to pass a 100-mesh screen, 67 per cent through 200 mesh.

Conclusions from experimental tests—There isno apparent difficulty in
making a fairly high-grade concentrate, with a good recovery of the copper-
nickel values. A product was made, in certain cases, with a higher copper-
nickel content than that contained in the blast furnace mattes and cer tamly
higher than the mattes that would be produced by present smelting practice
on the same grades of ores.
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Tor the selective flotation of the ores, the alphabetical reagents were
found to be the most suitable. In using these reagents the essential point
is to maintain an alkaline pulp by the addition of lime, soda ash or caustic
soda. The chalcopyrite floats with remarkable ease, but the nickel minerals
are more difficult to float.

Examination for the amounts of pyrrhotite being eliminated in the
tailing was made on the flotation products of the tests run for the deter-
mination of precious metal values as given in Tables IV and VI, where the
concentration was not nearly so good as in some of the tests given in Tables
I and IIT. This was found to be 30 per cent and 41 per cent respectively,
of the amounts in the ore. This elimination of practically barren pyrrho-
tite, together with the gangue minerals, means considerable savings in
several directions. Taking the flotation products of tests Nos. 1, 2 and 4
of Table I and of test No. 6 of Table III, where high-grade concentrates
were made, the percentage of pyrrhotite eliminated in the tailings would
be much higher than that given above.

THE PRECIOUS METAL VALUES IN THE FLOTATION PRODUCTS OF THE
LOWER GRADE COPPER-NICKEL ORES OF THE SUDBURY DISTRICT

Experimental tests—To determine if the precious metal values in the
ores were being concentrated with the copper-nickel values, flotation tests
in one kilogram lots were conducted on 13 kilograms of each ore. The
products from the thirteen tests on each ore were combined to .obtain
sufficient quantities of the flotation products for accurate determination
of the precious metal contents. In conducting these tests attention was
not paid to obtaining the best flotation results, as this was demonstrated
by former tests, the results of which are given in Tables I, II and ITL

Tables IV and V give the results on the first ore, the flotation results
on which are given in more detail in Tables I and II

Tables VI and VII give the results on the second ore, which was of

still lower grade, the flotation results on which are given in more detail
in Table IIL.

TABLE IV
Assays

Product Weight | 101101 | Copper | -Gold | Plat. | Palladm. | (Rhods | Precions

grms. - | Trid., ete.| metal

per per 0Oz. per | 0z. per 0z. pcy oz. per values

cent cent ton ton ton ton content

* L33

Concentrate.......... 2,050 5.88 7.55 | 0-036 | 0-062 0-072 0-006 813 18
Middling............. 1,490 0-93 020 | 0012 [ 0-019 0-022 - 0-004 4 47
Tailing............... 9,460 0-16 0-05 | 0-002 [ 0-0027] 0-0038 trace 0 62
(0] ¢ Y 13,000 1-15 1.25 [ 0-008 | 0-014 0-017 0-0014 304

*Results are no doubt low due to oxidation and volatilization in fusing and scorifying.
*#Figures from December, 1922, quotations on these metals. .
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TABLE V
Percentages in products
Product . . Precious
Weight | Nickel | Coppor Gold Plat. |Palladm.! metal
values
Concentrate,.......... 15-8 806 95.5 66-8 70-3 63-5 68-4
NIiglglIillg,... ; 11.5 9.3 1.8 16-1 15.7 16-3 16-8
Tailing.. .. 72-7 10-1 2.9 17:1 14-0 15.2 14-8
TABLE VI
Assays
Weight Rhod Precioils
. cigh . . hod., meta
Product grms, C(;)%gex Nlclfel Gold‘ Plat. Pnlladng. Trid., ofc.| values
per | oz, per | oz. per | 0z. per oz ver | content
cent cend ton ton ton t.oln
*® sk
‘Concentrate.......... 1,635 2:90 6-40 | 0:027 | 0-032 0-043 0:005 S7 40
Middling.............| 1,418 0-27 1-65 | 0-013 | 0-010 0:015 0-003 3 54
Tailing......ooovvenns 9,947 0-05 0-21 1 0-0009 { 0-0011 0-0026 |.......... 030
' 13,000 043 1.14 { 0-0055 | 0-0067 [ 0-0009 0-0009 155
*Results are no doubt low due to oxidation and volatilization in fusing and scorifying,.
**Trigures from December, 1922, quotations on these metals,
TABLE VIIL
Percentages in products
Product Precious
Weight | Copper [ Nickel Gold Plat, | Palladm.| metal
. values
Concentratc..o........ 12:6 844 70:3 |* 61-8 60-9 60-0 -60-3
Middling.......ovnt.t. 10-9 6-8 15-7 257 26-4 18-0 24.9
Tailing.....ooooeinen 76-5 88 14:0 12-5 12.7 220 14.8

Conclusions from examination of flotation products.—The results show,
in the case of the first ore, that 68 per cent of the total precious metal
values is contained in the concentrate, 17 per cent in the middling product
and 15 per cent. in the tailing. By regrinding and floating the middling,
which represents 11-5 per cent of the original feed, a total recovery of
80 per cent of the precious metal values would be obtained in the copper-
nickel concentrate by selective flotation. ‘

The results show, in the case of the second ore of lower grade, that
60 per cent of the precious metal values is contained in the concentrate,
25 per cent in the middling product, and 15 per cent in the tailing. By
regrinding and floating the middling, which represents 10-9 per cent of



137

the original feed, a total recovery of 75 per cent of the precious metal
valyes would be obtained in the copper-nickel concentrate by selective
flotation.

The results of the above tests show that the gold and the platinum
group metals are reporting to a large extent in the concentrate with the
copper and nickel minerals. )

Tn the determination of the precious metal contents, the total flotation
products were used, and the assay results obtained figured to the per ton
basis. The assays so obtained should be reliable and accurate.

No definite conclusions were arrived at with respect to the particular
mineral or minerals with which the platinum group metals are associated.
In studying the ratios between these metals and the copper, nickel, iron
and sulphur content in the flotation products, there is no definite uniformity
of values or proportions between these metals and the chalcopyrite, pent-
landite, pyrrhotite, content in the ores and flotation products. Whether
this should be accepted in support of the opinion that the lower grade ores
carry relatively higher values in the platinum group metals is questionable.

THE SELECTIVE FLOTATION OF THE COPPER-NICKEL ORES OF SHEBAN-
DOWAN LAKTE DISTRICT, ONTARIO

Experimental tests.—Tests were conducted on a shipment of ore from
this district to determine whether a high-grade copper-nickel concentrate
could be obtained with a satisfactory recovery of the copper-nickel and
precious metal values. The tests were made on an ore of the following
analysis:—

Nickel....ooveveov... 297 per cent Lime ........... 250 per cent
Copper...cvevnrecnnn. 1-656 ¢ Magnesia......... 7-64 ¢
(6701571 (O 0-15 Sulphur.... .. 15.84 ¢
Tron,......ocovvuunns 24.30 « Gold...... 0-01 ozs. per ton
Alumina,............ 10-15 ¢ Platinum. . .. 0-03 «
Silica,,......50e0e... 2655 ¥ Palladium........ 0-048 “

Table VIII gives the results of the tests. In test No. 1 a concentrate
and tailing were made. In test No. 2 a concentrate, middling and tailing
were made. :

TABLE VIII
: Percentage Total
Analysis of values recoveries
Test Weight | . | Cut . | Cut
No. Product per cent| Cu. I\élt;'*' Ni.+4| Cu. Ni.+ Cu.+4| Cu. IET}I(;+ Ni.+
perﬁ P or Co. pmt; o NCi.-i- pert pef Co.
cen | per | cent. . 0. | cen per
cent cent cent cent
1 |Concentrate,......... 25.7 | 6-35 | 9-88 |16-23 | 83-0 | 92-1 | 88-3 | 83-0 | 92-1 | 88-3
Tailing............... 74-310-45)0.24]...... 17-0 | 79
2 |Concentrate.......... 30.7 | 5-00 | 8-56 |13-56 | 88-3 | 95-5 | 927 5 . .
Middling............. 17.0 | 0-58 | 030 |..... 5.7] 1.9 ..... } 91-1 1 06-4 | 944
Tailing,,.....ocovvnes 52:3 1020|014 ]...... 6:0( 2:6].....
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Conclusions from experimental tests.—A high recovery of the copper,
nickel and cobalt values was made in a good grade of concentrate. The
recovery of the copper is not as good as on the Sudbury ores, probably
due to oxidation. Continuous grinding and flotation tests will be made,
and the precious metal values in the flotation products determined, to
prove whether these values are reporting in the concentrate. Taking the
results obtained in test No. 2 of Table VIII, determinations made, show
that 36 per cent of the pyrrhotite in the ore is eliminated in the tailing,
and this elimination of pyrrhotite, if practically barren as is the case in
the tests on the Sudbury ores, together with the gangue silicates, is very
desirable for subsequent smelting operations.
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Vil

DESCRIPTION OF ORE CONCENTRATION PLANTS
IN CANADA

THE NEW SULLIVAN CONCENTRATOR AT KIMBERLEY, B.C.

On August 24, 1923, the Consolidated Mining and Smelting Co. of
Canada put into operation its new concentrator at Kimberley, B.C., for
the treatment of the Sullivan mine ore. It is the result of years of experi-
mentation in the laboratory and in pilot plants on the treatment of this
complex sulphide ore.

The Sullivan ore is a valuable mixture of zine, lead and iron sulphides
with relatively small amounts of gangue, principally calcite and quartz.
The zinc content varies from 12 to 15 per cent; the lead content from 10
to 12 per cent; the iron from 32 to 35 per cent; the sulphur from 30 to 33
per cent; the insoluble from 4 to 6 per cent; the silver is about 3 ozs. per
ton. The chief minerals are marmatite, galena, pyrrhotite, pyrite, calcite
and quartz. A polished section indicates the intimate association of the
minerals and fine grinding to at least 200 mesh is necessary to free them.

The concentrator is favourably situated on the slope of a hill, 2214°
to the horizontal, and advantage is taken of gravity for the flow of the ore
and pulp. Below the concentrator is a large area of 40 acres for tailing
disposal. The concentrator is connected with the coarse crushing plant,
situated below the portal of the lower adit, by a standard gauge railway,
314 miles long, and is also connected with the main railway for the ship-

ping of concentrate to the company’s smelter at Trail, B.C.
' Coarse crushing plant.—In this plant the ore from the mine is reduced
to 3 inches in a 36 by 42-inch type C Buchanan jaw crusher and in two
No. 8 Gates gyratory crushers, and conveyed to one 2,500-ton railway bin.

Roll plant.—This plant is situated to one side and ahove the con-
centrator. It receives its feed from a 1,000-ton ore bin. The ore is here
reﬂuced to three-fourths inch in two sets of 72 by 20-inch Alaska type
rolls.

Sampling plant.—From the roll plant the ore is conveyed to a 2,500-
ton fine ore bin, directly above the concentrator. In passing to this bin
a one ten-thousandth portion of the feed is cut out by 2 system of automatic
sampling and mixing. Flood automatic samplers are also used f01 control
samples at various points in the mill.

Fine grinding plant.—In this plant the ore is reduced to the required
fineness for flotation, namely 95 per cent through 200 mesh. To obtain
this reduction, two 8-foot by 48-inch Hardinge ball mills are used for primary
grinding and four 8-foot by 48-inch Hardinge ball mills for secondary
grinding. Ten 6 by 25-foot rake Dorr classifiers are used for primary
classification and two 10-foot bowl, 3-foot rake Dorr classifiers for secondary
classification.

Lead recovery plant—TFor the recovery of the lead sulphide, three
primary 18-cell, 24~inch modified Minerals Separation flotation machines
are used, followed by three steps of cleaner cells each consisting of 8-cell
24-inch modlﬁed Minerals Separation flotation machines.
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Zinc recovery plant.—For the recovery of the zinc sulphide, four
primary 18-cell, 24-inch modified Minerals Separation flotation machines
are used. Four products are made, namely a lead-zinc concentrate, a
clean zinc concentrate, a zinc middling, and an iron tailing, The lead-
zine concentrate is tabled on 32 Plat-O and Wilfley tables, a lead-iron
concentrate being returned to the rake classifiers of the fine grinding plant;
a clean zine concentrate combined with that from the flotation cells, and
a zine middling to be re‘treated. The zine middling from the flotation cells
and the zinc middling from the tables are reground in an 8-foot by 48-inch
Hardinge ball mill. The iron tailing from the flotation cells is classified
in a 10-foot bowl, 3-foot rake Dorr classifier, the sands being reground in
the ball mill with the zine middling, the slimes going to the dewatering plant.
Zing is recovered from the reground zine middling and the sand tailing in
an 8-cell 24-inch modified Minerals Separation flotation machine.

Dewatering plant.—The lead concentrate is dewatered in two modified
Genter vacuum thickeners and -in two G-foot diameter, 6-disk, 2-valve
American filters. The filter cake is conveyed to the lead concentrate
loading bins.” The zine concentrate is dewatered in two 50 by 8-foot Dorr
thickeners, and in three 6-foot diameter, 6-disk, 2-valve American filters.
The fiker cake is conveyed to the zinc loading bins. The iron tailing is
dewatered in a modified Genter vacuum thickener and sluiced to the tail-
ing pond. .

Reagents used.—For the separation of the minerals, selective flotation
is employed. The water used in the fine grinding plant is made alkaline
by sodium ecarbonate. TFor the flotation of the lead sulphide, & mixture
of water-gas tar and coal tar creosote is used with small amounts of sodium
cyanide and cresylic acid. Copper sulphate and water-gas tar are added
to the zinc cells for the flotation of the zinc sulphide. The conswunption
of reagents is considerably reduced by the retwn of solutions from the
dewatering plant to storage tanks above the mill.

Special features of construction.—Ample room is provided on all floors.
Floors are provided with overhead travelling cranes and are served by an
inclined tramway running from the repair shops to the bottom of the mill.
Individual direct connected motor drives are used on all machinery where
practical. All circulating solutions and pulps are handled by Wilfley
pumps. The arrangement for the pumps in the tunnel below the main
floors in the centre of the building provides for taking care of spills, over-
flows caused by temporary shut downs, for keeping the mill clean, and
delivering the material to the proper compartment of the mill. Railway
track scales are provided for the weighing in of the ore as received from
the coarse crushing plant, and the weighing out of the lead and zine con-
centrates to the company’s smelter. ‘

Results being obtained.—In October, 1923, W. B. Timm, of the Depart-
ment of Mines, visited the concentrator, and although it was not operating
at capacity, due to shortage of power, 2,000 tons of ore were being treated
daily. The full equipment was not being utilized; in the fine grinding plant,
the bowl classifiers were not in operation; in the lead recovery plant, only
one cleaner was being used; in the zinc recovery plant, the re-treatment
portion for the zine middlings, and the tables, were not in operation, yet
a better grade of concentrate was being produced and a higher recovery
obtained than in the concentrator at Trail, formerly treating this ore.



141

Working at full capacity, and with all units in operation, 3,000 tons of ore
daily will be treated. Final concentrates made on November 17, 1923,
showed the lead concentrate to contain—Iead 70:1 per cent, zinc 5-4 per
cent, and the zinc concentrate to contain—Ilead 4.0 per cent, zinc, 43-3
per cent.

THE SILVERSMITH CONCENTRATOR AT SANDON, B.C.

The Silversmith mill, of the Silversmith Mines, Ltd., Sandon, B.C.,
represents the latest design in modern mill practice for the concentration
of the silver-lead-zinc ores of the Slocan district, by a combination of
gravity methods and the oil flotation process.

The principal minerals of the Slocan ores are argentiferous galena,
zinc blende, siderite (spathic iron) and iron pyrite. Tetrahedrite and
chalcopyrite are found in small quantities associated, as a general rule, with
the galena. A general assay of the Silversmith milling ore shows, silver 25
ounces per ton, lead 9 per cent, and zinc 7 per cent. The silver values being
of greatest importance, the process that is followed recovers the greatest
percentage of these values in a concentrate, having the greatest marketable
value. The galena slimes badly, therefore the main object is to remove
the greatest possible amount of it, by the use of jigs and tables, with ag
little grinding as possible. No attention is paid to the zinc blende in the
gravity stages of concentration, as a clean zinc concentrate cannot be made
by this means on account of the spathic iron having a similar specific
gravity to the blende. A clean zinc concentrate is made by the flotation
process after the galena is removed.

The concentrator has a daily capacity of 125 tons. The ore is supplied
to the mill bins by an aerial tramway. It is crushed in a 10 by 20-inch
Blake crusher, passed by a conveyer belt, which is also used as a sorting
belt, to the mill feed bins. Clean ore is picked off the sorting belt and
shipped direct to the smelter. From the mill bing the ore goes to a set of
rolls, thence to jigs, and from there through successive stages of regrinding,
clagsification, sizing, jig and table concentration, until finally reduced to a
fineness (minus 80 mesh) suitable for treatment by flotation. Regrinding
is done in two sets of rolls, a 4 by 5-foot cylindrical ball mill, and in a 6-foot
by 16-inch Hardinge mill. Classification is done in two sets of 6-cell
hydraulic classifiers, and in a Dorr clagsifier. Sizing is done in a set of
3 mm, trommels. By this method the galena is removed as soon as it is
freed, without excessive loss in slimes from fine grinding. The jig and
table concentrate is easily dewatered for shipment by a simple method of
drainage.

The classifier overflows are thickened in Dorr settling tanks for flota-
tion. The flotation plant is of the Callow pneumatic type, and consists of
two lead rougher cells and one lead cleaner cell; one zinc rougher cell,
and two zinc cleaner cells. Lead concentrate made from the two lead
- roughers goes to the lead cleaner, where a high-grade argentiferous lead
concentrate is made, the tailing from the cleaner being returned to the
head of the rougher cells. The tailing from the lead rougher cells goes to
the zinc rougher cell, the tailing from which goes to waste and the con-
centrate passes on to the first cleaner cell. The concentrate from this cell
is further cleaned in a second cleaner cell. The tailing from the cleaner
cells is returned to the head of the zinc rougher cell. The final zinc
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concentrate made is about 48 per cent zine. The lead and zine flotation
concentrates are thickened in Dorr tanks and dewatered in American disk
filters. :
A visit was made to the mill by W. B. Timm, of the Department of
Mines, in July, 1922. Since that time the concentrator has been in con-
tinual operation and regular shipments are made to the smelter of the
Consolidated Mining and Smelting Co. of Canada, at Trail, B.C.

THE NEW BRITANNIA CONCENTRATOR AT BRITANNIA BEACH, B.C.

In January, 1923, the new concentrator for the concentration of the
Britannia mine copper ores was completed. It was built with an initial
capacity of 2,000 tons daily, but this tonnage can readily be increased to
3,000 tons by slight alterations in the fine grinding equipment. It replaces
the former mill, destroyed by fire in 1921, and is of fireproof construction
throughout. It is situated on a steep hillside, and has seven main floors
for the various operations. . :

The Britannia ores are iron pyrite and chalcopyrite in a. highly
siliceous gangue. The metallic sulphides constitute about 17 per cent of
the total weight of the ore. . :

Coarse crushing is done at the mine. The mine ore is reduced to 3-
inch size in one 24 by 35-inch Blake crusher and in two Allis Chalmers No.

1 gyratory crushers. From the coarse crushing plant, the ore is trans-
ported to bins of 2,500 tons capacity, situated above the concentrator at
the beach.

The ore, as received from the mine, contains from 5 to 15 per cent
moisture, mainly in the fines. A novel method of reducing the ore to three-
sixteenths of an inch, for ball mill feed is practised without resorting to wet
crushing, thus avoiding the difficulties generally experienced in dry crush-
ing ore containing this percentage of moisture. The fines are washed out
by spraying, the ore passing over Hummer screens having three-sixteenth-
inch openings. Compressed air sprays are used on the coarse material
which goes direct to the rolls containing only 2 per cent moisture. The
fines, representing 20 per cent of the total ore, plus the wash water, go
direct to the ball mills. .

The roll plant consists of one 72-inch by 20-inch Traylor roll, crushing
bo three-quarters of an inch in closed circuit with 8 Hummer screens
delivering oversize plus three-sixteenths of an inch to four 54-inch by 20-
inch Traylor rolls in civcuit with the screens. The ore reduced to three-
sixteenths of an inch is conveyed to the fine storage bins, 3,600 tons
capacity. ~ ’ : :

Tine grinding is done in eighteen 7 by 10-foot ball mills, each in closed
circuit with a 19-foot simplex Dorr classifier. The feed from the fine
storage bins is conveyed and divided by switch distributors to the classifiers.
The ore is reduced to a fineness, 18 per cent on 65 mesh. The Dorr classifier
overflows contain 20 per cent solids and are laundered direct to the flota-
tion machines. . ‘

The flotation plant consists of six 14-cell Minerals Separation standard
machines. The feed is distributed to the head of four of these units. Clean
"concentrate is obtained from the first four cells of each unit, a middling
product is taken off from the remainder, and is conveyed by air lifts to
the head of the other two units for recleaning, and the tailing is sent to
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waste. From the two units used for recleaning the middling, a clean
concentrate is obtained, and a middling which is returned to the head of
the first four units.

The flotation concentrate is dewatered and settled in three 40-foot
two tray Dorr tanks, the thickened concentrate being pumped to two 8-
foot six disk American filters. The filter cake is conveyed a quarter of a
nile to a 10,000-ton storage bin at the wharf. From this bin it is removed -
by cranes and conveyer belt to the steamers for shipment to the smelter.

A visit was made by W. B. Timm, of the Department of Mines, to
the concentrator in October, 1923. At that time the mill feed was aver-
aging 2-0 per cent copper, the copper concentrate produced contained
20 per cent copper, and the tailing contained 0-16 per cent copper. These
results were being obtained by flotation of the chalecopyrite from the pulp,
made alkaline by the addition of two pounds of lime per ton of ore. The
flotation reagents used were a mixture of coal tar creosote and pine oil,
and small quantities of sodium resinate. The original flow sheet of the
concentrator included Hancock jigs ahead of the fine grinding mills for

~ the removal of a portion of the copper as coarse concentrate. Danish

flint pebbles were used in the fine grinding mills at the start. The flotation
plant was installed for roughing only. Laboratory experiments showed
that by changing from an acid to an alkaline pulp, the grade of the con-
centrate could be doubled by selective flotation of the chalcopyrite from
the iron pyrite, without any appreciable loss of copper. The jigs were
eliminated from the flow sheet; the pebble mills were changed over to
ball mills for greater capacity, and the flotation units converted into
rougher and cleaner units for selective flotation.

A NEW COPPER CONCENTRATOR AT ANYOX, B.C.

The Granby Consolidated Mining, Smelting, and Power Company
is erecting a concentrator at Anyox, B.C., to concentrate the greenstone
copper ores of the Hidden Creek ore-bodies. The initial capacity will be
1,500 tons daily. Crushing capacity of 3,000 tons is being installed to
take care of increased capacity later.

The Hidden Creek ores are of two types, namely, a heavy pyritic ore,
and a greenstone ore, impregnated with chalcopyrite and pyrrhotite.
Smelting operations are semi-pyritic, so that in the course of mining
operations a large tonnage of greenstone ore was left behind, it being too
expensive to smelt thig type of ore.

A typical analysis of the greenstone ore will show:—

COPPEr «vvvvvverennnes 1-85 per cent Sulphur.............. 16-0 per cent
Insoluble..... PP 42.0 “ Lime........ vees 40«
Silica, . .o.vverrinnnn. 35-0 “ Magnesia. ... 50 ¢
Iron,..ovveeienenennns 24.0 « Alumina, . ..... 9.0

The chief sulphide minerals are chalcopyrite, pyrrhotite, pyrite, and
sphalerite. Small amounts of precious metal values are also present in
the ore.

The erection of the concentrator is the result of experimental work
in the laboratory and in a pilot plant, in which 50,000 tons of ore were
concentrated. It was proven that a copper concentrate, assaying from 12

84309—10
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to 15 per cent copper, with a concentration ratio of 8 to 1, and with a good
recovery of the copper and precious metal values could be produced by
selective flotation.

A visit was made to the works of the Granby Consolidated M1n1ng,
Smelting and Power Co., at Anyox, B.C., by W. B. Timm of the Depart-
ment of Mines in November, 1993. At that tlme the foundations and-floors
of the concentrator were completed, the steel frame work was erected, and

_ the machinery was_being set in: place. It was hoped to have the con—
centrator completed and ready for operation in the early spring. -It is
situated on the slope of a “hillside between the mine and smelter.. . The
mine ore-will be reduced to 3-inch size in gyratory crushers-and-to three-
eighth-inch size in two sets of Alaska type rolls. -Fine grinding. will be
done in rod mills in closed circuit with drag classifiers, gr1nd1ng to a fine-
ness of 70 per cent through 200 mesh. The use of rod mills is new. to fine
grinding practice in this country, their use being confined to compara-
tively coarse grinding. - The flotation plant will consist of Cole rougher.
and cleaner cells, the concentrates thlckened in Dorr tanks and dewatered
by Oliver filters. : S e

THL COPPDR CONCDNTRATOR ALLDNBY B. C

The Allenby concentrator, built by the Canada Copper Corporatlon
was completed in 1919, and operated for a short time uring the latter
part of that year, when operat1ons ceased, due to the decllne in the copper
market.

The 2,000-ton concentrator is s1tuated ﬁve and & half mlles south of
the town of Princeton, B.C., and seven and a half miles farther south is
the Copper Mountain mme, both connected by the Copper Mountain
branch of the Kettle Valley railway from Princeton. Development work
at the mine is reported to have blocked out 10,000,000 tons of copper ore
of an average grade of 1-74 per cent copper.,

.The ore is chalcopyrite and bornite, disseminated through the granodl-
onte - Associated with it are small amounts of. hemat1te, magnetlte and
iron pyrite. An average analysis of the oreis:

- Copper....ovvun.n, 1.77. per cent Sulphur. eeheeeaa 1-1 per ‘cent .
Siliea,. oo ovvieiinnn 50-0 ‘Aluming, .......... 199
Iron...... e 5.8 « Gold.........:0i..,0: 005 oz. /ton
Lime....... PR I § “. Silver.... .l 0 0020

The ore lenses have been developed from three ad1ts, the lowest one
being used as the main haulage level. It is connected with the inter-
mediate level by an ore pass 804 feet long. Below: the lowest adit is the
coarse crushing plant, consisting.of one 30 by 42-inch jaw crusher in which
reduction 'is made to 8-inch size, and .two No. 7145 gyratory crushers

reducing the.ore to 214 inch, flom Wh1ch it is dehvered to storage bins of
2,000 tons capaclty‘ {

From the mine bins the ore is hauled in rallway cars to con-
centrator bins of 1,800 tons capacity. From these bins it is conveyed and
distributed to six 3 by 4-foot impact screens with five-eighth-inch - open-
ings, the oversize from the screens being crushed in one set of 72 by 20-inch
Garfield rolls, three-quarter-inch opening, and conveyed to the five-éighth-
ingh impact screens. The undersize from the screens is ‘conveyed to a
2,000-ton storage bin, from which it is drawn to two sets, of 54 by 20-1nch

v
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rolls set close. After reduction by these rolls it is screened on eight
Colorado Iron Works impact screens, 5-mesh openings, the oversize from
the screens returned to the rolls, and the undersize going to the primary
fine grinding unitg. Primary fine grinding is accomplished .in four 7 by
10-foot ball mills, the discharge of the mills classified in four Dorr model D
classifiers, the oversize ground in six 5 by 20-foot tube mills in closed circuit
with six Aking clagsifiers. The overflow from the Dorr and Akins
classifiers, which will practically all pass 80 mesh, a large proportion being
finer than 200 megh, goes to the flotation units. ' .

From the flotation units, a concentrate, a middling that is returned
to the head of the unit, and a tailing which goes to waste, are made. The
concentrate is thickened in two 40-foot Dorr thickeners and dewatered
in two continuous American filters, and the cake conveyed to a concentrate
bin of 200 tons capacity.

The copper minerals, in the ore, being chalcopyrite and bornite, with
only small amounts of iron sulphides present, permit of a high-grade copper’
concentrate, about 30 per cent copper being made by flotation, Such a
concentrate is highly desirable for mixing purposes with lower grade ores
and concentrates. The concentrate will be shipped to the Trail smelter
of the Consolidated Mining and Smelting Co. of Canada.

A large pumping plant supplies water to the concentrator and other’
buildings from the Similkameen river. Electric power is furnished by
the West Kootenay Power Co. from their transmission lines from Green-
wood to Copper Mountain,

During 1923 the Granby Congolidated Mining, Smelting and Power
Co. acquired the holdings of the Allenby Copper Co., until recently known
as the Canada. Copper Corporation, and took immediate steps towards
putting the mine, surface plant and concentrator in condition for operation.
Due to the unfavourable conditions of the copper market this work was
suspended. :

THE CONCENTRATOR FOR ROSSLAND ORES, TRAIL, B.C.

In November, 1923, the Consolidated Mining and Smelting Company
of Canada, Ltd., commenced treating their Rossland ores in the concen-
trator at Trail, B.C., that had formerly been used for the treatment of
the lead-zinc ores from the Sullivan mine. The new concentrator at
Kimberley, B.C., having been put into successful operation on this ore,
the. Trail concentrator became available for the treatment of Rossland
ores. , : Co

- The original concentrator was built as a pilot plant for Rossland ores,
and after running for some time, demonstrating the feasibility of treating
these ores by flotation, it was re-adjusted and used as & pilot plant for the
Sullivan ore. The successful treatment of the Sullivan ore having been
demonstrated, it was enlarged to a daily capacity of 1,000 tons and treated
Sullivan’ ore until the new concentrator at Kimberley was completed.

' Thé Rossland ores consist of thé sulphides of iron, pyrrhotite and
pyrite, and chaleopyrite in a siliceous gangue. The average milling grade
of the ore containg up to one per cent copper, with four to five dollars in
gold values. Smelting operations on thé erude ore being no longer profit-
able, a method of concentration prior to smelting, was developed after much
experimental work. o
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The ore is transported from the mine bins at Rossland to Trail in
standard railway ore cars. It is crushed in jaw crushers and rolls, and
delivered to the concentrator bins. The concentrator has a capacity of
700 tons per day. Primary fine grinding is done in one 8-foot by 48-inch
Hardinge ball mill, and in one 5 by 10-foot Marcy rod mill. Secondary
fine grinding is accomplished in three 5 by 18-foot ball tube mills, each one
being operated in closed circuit with a 6 by 25-foot Dorr rake classifier.
A fineness 85 per.cent through 200 mesh is obtained in the grinding
cireuit. . ’

The pulp density for flotation is one of solids to three of water. A
warm neutral circuit is maintained, the temperature being between 20°
and 25°C. Two and one-half to three pounds per ton of coal tar creosote,
and 0-05 per ton of pine oil or wood creosote are used. ' _

Flotation is accomplished in two standard 24-inch Minerals Separation
modified machines. Sub-aeration machines will later be used as cleaners.
The final concentrate is thickened in two 40-foot Dorr thickeners and de-
- watered in two 4-foot 6-disk American continuous filters. The moisture in

the cake is 14 to 15 per cent. _ o
The feed averages 1 per cent copper and 0-25 oz. per ton gold. The
concentrate made will average 8 per cent copper, 1-8 ozs. per ton gold.
The tailing will average 0-06 per cent copper, 0-045 oz. per ton gold. The
ratio of concentration is 1 : 8-5 and the recoveries are 93 per cent of the
- copper values, and 82-5 per cent of the gold values in the ore. =~ . ,

NEW CONCENTRATOR FOR THE EUSTIS MINING-CO.; EUSTIS, QUE

Alterations to the concentrator of the Eustis Mining Company were
.completed and the concentrator put into operation in the early part-of
October, 1923, ' I

The Eustis mine is in the Eastern Townships of Quebee, about 7'
miles south of Sherbrooke. The first discovery of copper was made in
1865, and since then about a million tons of ore have been mined. The
present shaft is now at a depth of over 4,000 feet. Lo

The milling ore is a heavy sulphide, containing chalcopyrite associ-
ated with pyrite and small quantities of calcite, quartz, and other gangue
minerals. It is free from arsenic and is an excellent ore for acid-making.
The ore is now mined principally for the copper content. A typical analysis
is copper 3 per cent, iron 40 per cent, sulphur 45 per cent, insoluble 7-5
per cent, other gangue 4.6 per cent. C

Concentration by selective flotation.—Research carried on for a period
of over a year, by the company in co-operation with the Department of
Mines, was successful in working out a flotation process by which the.
copper-bearing mineral could be separated from the iron sulphides (pyrites)
and gangue. The old eoncentrator, which had been able to do little more
than eliminate the gangue minerals, was completely remodelled, and the
new process installed. _ ; o

A brief description of the new process is as follows. The ore is taken
by electric haulage and gravity incline from the mine.to the mill, where
ample storage is provided. The mill has a capacity of 200 tons per day.,
Standard practice is used in the coarse crushing or breaking department
of the mill, where the ore is reduced to one and one-half inches. A 300-
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ton circular ore-bin provides storage capacity for the ball mill feed. The
ore is fed by a belt conveyer to an 8-foot cylindrical ball mill, the discharge
of this mill is divided between two 6-foot ball mills that operate in closed
circuit with two duplex standard Dorr clagsifiers. The classifier overflows,
which will pass a 100-mesh screen, are maintained at a high density (30
per cent solids) and elevated by Wilfley sand pumps to a Callow, flat
bottom, flotation cell, which is 36 feet long by 24 inches wide and 18 inches
deep. In this cell, the copper mineral is floated and the iron and gangue
minerals dropped. A rougher concentrate, containing the copper, and an
iron tailing, which goes to a separate section of the mill for the recovery of
the iron sulphides (pyrites) is made. The rougher copper concentrate is
recleaned in a second cell, from which a final copper concentrate and a
middling product, which is returned to the first cell for re-treatment, are
obtained. The ﬁnal copper concentrate contains over 20 per cent copper
and the recovery made i over 90 per cent.

Reagents for copper flotation.—The separation between the copper
(chalcopyrite) and the iron sulphides is controlled by the use of an alkaline
pulp. Lime at the rate of 5 to 10 pounds per ton is fed to the ball mills
with the ore. The flotation oils used at present are neutral coal tar creosote
and a mixture of 25 per cent thio-carbanilide and 75 per cent ortho-toluo-
dine. A little, steam-distilled, pine oil is also used.

Pyrite recovery plant.—The pyrite in the ore is recovered for sale to
the Nichols Chemical Co., at Capelton, one mile distant. The tailing
from the copper flotation plant is dewatered in a large Dorr thickener to
eliminate the bulk of the lime. The thickened pulp is mixed with fresh
water and reduced to a pulp containing 25 per cent solids. This diluted
pulp is acidified and distributed to two half-gize Callow flotation cells,
where the pyrite is recovered by flotation. The pyrite concentrate contains
50 to 55 per cent sulphur.

Reagents used for pyrite flotation.—The diluted pulp from the Dorr
thickener is acidified by the addition of sulphuric acid. The quantity
used ig about 10 pounds per ton, original feed. The flotation oils used are
fuel oil and crude pine oil.
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