g e
i

Dépt}mr 3 MINISTER

”“)

( Testm’g' '/and Research

: ‘Meté,llurglcal
Carnochan,/, :

A




CANADA
DEPARTMENT OF MINES

Hon. CHArLEs STEWART, MIN1sTER; CmARLES CaMSELL, DEPUTY MINISTER

MINES BRANCH

Joun McLrisH, DIRECTOR

INVESTIGATIONS IN ORE DRESSING AND

METALLURGY
(Testing and Research Laboratories)
1926
Page
1. General review of investigations: by W. B, Timm.......... 1

II. Reports of investigations—Ore Dressing and Metallurgical
Laboratory: by C. S. Parsons, R. K. Carnochan, and J.

S.G0dard. ... e e e et 3

"~ III. Reports of investigations—Electrochemical and Hydrometal-
lurgical Laboratory: by R. J. Traill and W. R. McClel-

land. ... e e 95

IV. Report on the work of the Chemical Laboratory: by H. C.
L Y2 110

V. Selective flotation as applied to Canadian ores: by C. S.
Parsons. ..o 112

OTTAWA
F. A. ACLAND
PRINTER TO THE KING'S MOST EXCELLENT MAJESTY
1928

No. 688




Annual reports on Mines Branch investigations 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 Fuel Testing (Testing and Research
Laboratories).

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

Other reports on Special Investigations are issued as completed.






MINES BRANCH INVESTIGATIONS IN
ORE DRESSING AND METALLURGY, 1926

| |

GENERAL REVIEW OF INVESTIGATIONS

W. B, Timm
Chief of Division

During the year 1926 the laboratories of the Division, consisting of an
ore dressing laboratory for metallic ores, an ore dressing laboratory for
non-metallic ores, a pyrometallurgical laboratory, and electrochemical and
hydrometallurgical laboratory, and chemical laboratories, were devoted
entirely to experimental test and research work on ore treatment. New
equipment was installed to meet the requirements of the investigations in
progress. The equipment of the non-metallic laboratory was completed.
A pamphlet descriptive of the laboratories, their equipment, the nature of
the test work performed, and regulations governing the shipment of ore
for test purposes, has been revised and brought up to date. Investigatory
engineers of the National Research Council were given the use of the
laboratories for their investigations on Canadian magnesites.

The investigations have been carried out under the direction of W. B.
Timm, chief engineer Division of Ore Dressing and Metallurgy; those in
Section IT on metallic ores were under the immediate supervision of C. 8.
Parsons assisted by J. 8. Godard, and those on non-metallic ores under R.
K. Carnochan; those in Section III under the immediate supervision of R.
J. Traill assisted by W. R. McClelland. The work and investigations in
the chemical laboratories were under the immediate supervision of H. C.
Mabee, chief chemist of the Division, assisted by B. P. Coyne, R. A.
Rogers, and L. Lutes. The operation and maintenance of the laboratories
was performed by an operating and mechanical staff under the immediate
supervision of B. M. Derry, mill foreman.

Section IT contains the reports issued to the shippers of ore, giving the
results of investigations by C. S. Parsons and J. 8. Godard on metallic ores,
and by R. K. Carnochan on non-metallics. The investigations deal with
the treatment of a wide variety of ores as shown in the list following. The
majority of the metallic ores were complex mixtures of various minerals
requiring a separation and concentration into marketable products. The
gold ores investigated were arsenical, or containing copper and other refrac-
tory minerals. The work on non-metallics included investigations on low-
grade flake graphite and on the preparation of calcite and bentonite to meet
the requirements of the market.
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Section III contains the results of the investigatory work in the electro-
chemical and hydrometallurgical laboratory, by R. J. Traill and W. R.
MeClelland, on the treatment of ilmenite ores and high iron-copper con-
centrates.

Section IV is a summary of the work and mvestlgatlons in the chemical
laboratory by H. C. Mabee, chief chemist of the Division.

Section V is a summary of the work on selective flotation as applied to
Canadian ores, by C. S. Parsons.

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 products received at
the Ore Testing Laboratories for experimental test and research. The
tabulated statement ineludes the report numbers, class of ore or produect,
source of shipment, name of shipper, and weight of shipment.

Porcupine, Ont.,

cupine, Ont.

Rle@ort Page |Ore, or product | Source of shipment Shipper and address Weight
[
241 3 |Lead-zine-gold- |Dunwell mine, Dunwell "Mines Ltd., Victoria, 200
silver. Stewa.t, B.C. B.C.
242 6 |Copper-gold....|[Horne mine, Que.... Nonnda Mines Ltd., Rouyn,| 1,018
243 13 |Lead-zinc-gold- [J. & L. mine, Revel-|Porcnpine Goldfields Develop- 70
silver. stoke, B.C. ment & TFinance Co., Ltd.,
Montreal.
244 16  |Gold-arsenic....|Mount Evelyn mine,|P. J. Job, Vancouver, B.C...... - 55
245 28 |Lead-zinc....... Notre-Dame des |British Metal Corpdmtion (Can-| 40,000
— Anges, Que ada) Ltd., Montreal.
246 31 [Caleite......... Near Perth Ont .|M. Day Baldwm Montreal. . 9,551
247 32 |Gold-silver..... Alberni, B.C........ A. L. Smith, Alberni, B.C..... 70
——+,. 248 35 |Graphite....... Buckmgham Que... Or}gcllﬁle Graphlte Co., Ltd.,| 1,000
uc.
249 41 Zinc and copper-|Rouyn, Que......... Alderson zmd McKny, Montreal. 140
zine.
250 ° 46 |Gold-copper....[Gold Hill mine..... Gt()}!dtHill Mines, Boston Creek, 57
nt.
251 49  |Zinc-copper..... John Bull and Flor-|Ladysmith Smelter Syndicate,
ence claims, Pow-| Victoria, B.C. 78
ell River, B.C.
252 53 |Gold-arsenic....|Long Lake, Ont..... Alderson and McKay, Montreal 200
253 57 [Silver-lead-~ La Rose mine.......{Ladysmith Smelter Syndlcate, 50
copper-zinc: Victoria, B.C.
254 60 |Lead........... Perth Road, Ont.... I‘%ggz Génlena Mine Ltd., Perth| 78,400
255 66 |Gold-copper....|Argonaut mine, Ont. Argonaut Consolidated Mines 225
Ltd., Argonaut, Ont.
256 72 |Gold-copper....{Kitchenexr mine, Centml Mmutoba Mines, Winni- 20
' %Eai)sb-centra,l Mani-| peg, Man
oba.
257 79 Leq,ld—zinc—gold- Alice Arm, B.C.....|E, Trethewey, Alice Arm, B.C. 200
silver, ~
258 82 |Lead........... Giant mine, Spil-{Pacific Mines, Ltd., Spillama- 55
lamacheen, B.C. cheen, B.C.
259 84 |Gold-copper....|English Brook dist.,[JA. McDonald, Winnipeg......... 70
—~— Manitoba. R
260 86 |Bentonite....... Rosedale, Alberta..|Rosedale Colliery Co., Rose-| 2,135
dale, Alberta,
261 87 [Lead-zine....... Whitewater dump,|M. S. Davys, Kaslo, B.C....... 65
Retallack, B.C.
262 93 |Gold........... Dome mine, South{Dome Mines, Ltd., South Por- 350
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REPORTS OF INVESTIGATIONS: ORE DRESSING AND
METALLURGICAL LABORATORIES

Report No. 241

CONCENTRATION OF THE ORES FROM THE DUNWELL MINES, LTD.,,
' STEWART, B.C.

C. S. Parsons

Shipment. A shipment of ore was received from the Dunwell Mines,
Ltd., Victoria, B.C., December 31, 1925. It consisted of three sacks, gross
weight 200 pounds, marked respectively “Sunbeam vein”, “Heavy sulphide
vein”, and “Dunwell vein”, from the properties situated on the east side
%f C]?ear river, north of Glacier creek, about 5 miles northeast of Stewart,

Character and Analysis:

Sample Copper, Lead, Zine, 'Gold, Silver, Remarks
per cent | per cent | per cent | oz./ton | oz./ton
Sunbeam Vein....... 0:35 110 1-4 0-13 76-09 Sml:;:!}1 amount of sul-
phides. .
Heavy Sulphide 0-73 1847 23-59 0-42 19-42 |Larger amount of sul-
Vein. phides.
Dunwell Vein....... 0-17 0-8 1-10 0-12 37-62 |Small amount of sul-
phides and graphite
present.

Puyrpose of Experimental Tests. The shipment was accompanied by
a request for mill tests, in order to work out an economical method of
treatment, each sample to be run separately, and then a combined sample
to be tested to determine if one flow-sheet could be used for treating a
combined mill feed composed of the three grades of ore.

ExrrriMENTAL TESTS

Each of the three samples was crushed and assayed separately. A
number of flotation and table tests were made on each sample and on the
composite sample, the results of which will be discussed briefly.
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SUNBEAM VEIN ORE

Heads—Cu 0-35 per cent; Pb 1.10 per cent; Zn 1.40 per cent; Au
0-13 oz./ton; Ag 76-07 oz./ton.

Analysis Per cent of values

Tﬁst Product Weight, o p X y
0. per cent n u f1s
per cent|per cent| oz./ton | oz./ton Pb | Zn | Au | Ag
1 |Lead concentrate.... 13:3 6:2 4.58 0-75 | 456-05
Zinc concentrate. ... 9.7 1-0 5-52 0:26 | 6G6-46
Tailing.......covenes 770 0-25. 0.25 0:05 11-76
2 |Flotation concen-
trate..eininen s 24.3 4.08 578 0-50 | 320-10 | 90-0 | 91-6 | 68-4 | 92-6
Table concentrate... 4-1 0-59 0-50 0.70| 79-80( 2.2 1-3119-5] 3-9
Tailing. .ooovviuennis 71-6 0:12 0-15 003 4.07| 7-8| 71121 35

Test No. 1

The ore was ground to approximately 65 mesh and selectively floated
to produce a lead concentrate and a zinc concentrate. The following reag-
ents were used:

Lead reagents: Cyanide.... .
Soda ash.......

Thiocarbanilide.

0-30 [b./ton—l5 mins. contact

4. ¢

0-
Cresylic acid..... . 0

1.

0-

0.

€«

3
0
2
2

Zinc veagents: Copper sulphate... 5

— G2 1D

Test No. 2

The ore was ground to approximately 65 mesh; a bulk concentrate
was made of both the lead and zine, and the flotation tailing tabled to
recover the gold associated with the pyrite.

Reagents:
(007 Y AR 7. R N 0-2 1b./ton added to ball mill
Coal-tar creosote.. .. ..vvvviieereinienivinaans .05 ¢ «

HEAVY SULPHIDE VEIN ORE

Heads—Cu 0.73 per cent; Pb 18.47 per cent; Zn 23.54 per cent; Au
0.42 oz./ton; Ag 19-42 oz./ton.

Analysis Per cent of values
'I}‘Jgst Prod Weight, - o X A
0. ! roduct per cent Zn u 2
per cent|per cent| 0z./ton | 0z./ton Pb | Zn | Au | Ag

1 |Lead concentrate. ... 28-8 | 53-4 10-54 0.70 | 43-3 (82.6] 13-2 | 454 | 66-0
Zine 40-8 6:33 | 46-48 0-34| 10-68 ) 13-9|82-5|31.3] 28-2
Tailing..... e 30-4 1-16 3.31 0.34 6-78 3.5] 4-3 233 10-8
4 |Lead concentrate.... 32.71 52:31 10.97 0-80 | 46-30 { 93-0 [ 15-3 | 63-9 | 81-3
inc « 41-1 2.3L | 47-69 0-16 574 | 5-2{83.3116-1 12-7
Table ¢ 5‘2} 0-90 9:80 {11~4 2.7
Tailing.............. 21:0 1-25 L.26 0-17 2.93f| 1.8 1.4\ 86 3-3
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Test No. 1

The ore was ground to approximately —65 mesh. The lead and zine
were selectively floated to make a lead concentrate and a zinc concentrate.

Reagents:
Lead reagents: Sodaash.............c.cvvvvvnn. 6.0 1b./ton
hiocarbanilide................. 02 -
Sodium eyanide................. 03 15 mins. contact
Cresylic acid......oeovvvvunnnn 0-2
Zinc reagents: Copper sulphate................. 1.26 “
Xanthate.............oovvvuennn 0-4 “
Pineoil..........ovvvuviiinins 01«

Test No. 4

The ore was ground to approximately —65 mesh and selectively floated
to produce a lead concentrate and a zinc concentrate. The tailings were
tabled to recover a portion of the gold remaining. The reagents were the
same as used in test No. 1, except that the cyanide was given only a
5-minute contact.

DUNWELL VEIN ORE

Heads—Cu 0-17 per cent; Pb 0.8 per cent; Zn 1.1 per cent; Au 0.12
oz./ton; Ag 37.62 oz./ton. Ore contained graphite.

Analysis Per cent of values
Product il b | zn | Au | A
roduc per cent n u g
per cent|per cent|oz./ton} oz./ton Pb | Zn | Au | Ag
Flotation concentrate...... 18-4 4.08 3.83 0-50 | 179-9 | 97.8 | 68-5 | 73-0 | 81-0
Tailing........ [N 806 0-02 0-40 0-04 9-56 | 2.2181-5)26-1( 19-0

The ore was ground to approximately —65 mesh and floated to produce
a bulk concentrate.

Reagents:

Coke-0Ven tar. . vvevureeerenenereenens 0-2 1b./ton added to ball mill
Coal-tar creosote............oovvveunes 0.7 “ “

- SUMMARY AND REMARKS ON RESULTS OF TESTS ON INDIVIDUAL SAMPLES

These tests should not be accepted as indicating the maximum grade
of concentrate which could be obtained, or the best recoveries of the min-
erals, They show, however, that the ore from all these veins can be con-
centrated by flotation and tabling into marketable products, with good
recoveries. By tabling the flotation tailing the gold recovery is increased
from 11 to 20 per cent with an addition of less than 5 per cent by weight
to the concentrate. In order to keep the ratio of concentration as high
as possible, the tables should be used on the flotation tailing.
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COMPOSITE SAMPLE

A composite samplé was made up from the three samples in the fol-
lowing proportion:

BUnBeaI Vein, vt ittt it i e it 5 par—bs
Heavy Sulphide Vein. . ...oviiiiiiiiiii ittt iiiinanneanans 3 «
Dunwell Veil. ..ot e i i e e 3

The ore was ground to approximately —65 mesh and selectively floated
to produce a lead concentrate and a zinc concentrate. The flotation tailing
was tabled to recover additional gold by making a pyrite concentrate.

Reagents: Same as used on heavy sulphide vein ore.

. Analysis Per cent of values
Produot hkariat Phb | Z A A
roduct per cent n u g

: per cent{per cent|oz./ton}oz./ton Pb | Zn | Au | Ag
Lead concentrate........... 20-2 | 28.78 9-66 0-90 | 23390 | 94.2 | 24.0 | 72.0 | 88-2
ine . 19:3 1:00{ 31-69 014 10-02 | 3-1 | 74-8 [ 10-6 4.4
Table AR 4:0 100 1.81 0-64 | 55-46 | 0-7} 09| 10-7 3:6
“ tailing..ooiieeiin., 56-5 0-22 0-05 003 3:59 | 2.0 03 G-7 3.8

SUMMARY AND REMARKS

The grades of the lead and zinc concentrates in this test are low, but
when it is considered that these concentrates were not cleaned and merely
represent a rougher concentrate which would be passed to a cleaner cell
in practice, the results obtained are very favourable. The only product
it would be necessary to clean is the zine concentrate, and the character
of this econcentrate indicates that there would be no difficulty in making
a 40 to 45 per cent zinc concentrate.

Report No. 242

THE CONCENTRATION OF THE COPPER-GOLD ORE (“F” ORE-BODY) OF
THE NORANDA MINES LIMITED, ROUYN, QUEBEC

C. S. Parsons and J. S. Godard

Shipments. Two shipments of ore were received from Noranda Mines,
Litd., Rouyn, Quebee. Lot No. 1, weight 118 pounds, was received Sep-
tember 9, 1925; and Lot No. 2, weight 1,500 pounds, January 27, 1926.

Characteristics and Analyses. The samples consisted of a heavy sul-
phide ore containing chalcopyrite, pyrite, pyrrhotite, and gold. The chal-
copyrite is disseminated, and fine grinding is necessary to free it. Analyses
of the two lots were as follows:—

Lot No. 1 Copper.....ccveene.n 155 per cent, Arsenio........... 0:03 per cent
Gold................ 0-25 oz.{ton 1570) P 50:39 ¢
Silver...coovvvieiatn 0-28 ¢ Sulphur........... 39.86 ¢
Lead................ trace. Silica......vvve... 2:93 ¢
Zine.....oooiiiniiin, 0-28 per cent.,

Lot No. 2 Copper....vo.oovuen.. 1.6 per cent. Gold............. 0-3 oz./ton

Purpose of Experimental Work. The samples were submitted for the
purpose of determining whether this type of ore could be concentrated. . A
concentrate was desired which would contain the gold and copper, the
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greater portion of the pyrite and pyrrhotite to be eliminated in a tailing
product; also, if p0551ble, to determine with what sulphides the gold is
agsociated.
LOT No. 1
Average head sample for tests: Au 0-25 oz./ton; Ag 0-28 oz./ton; Cu
1.55 per cent; Fe 50.11 per cent.

Flotation Tests

Test Weicht Assays Per cent of values
3 Product ¢1gaL,
No. per cent| Au A Cu Te
0z./ton | 0z./ton jper cent{per cent Au Cu Ag Fe
1 [Concentrate....... 58-2 0-48 0-47 2.50 | 46-87 { 95.5 | 96-2 | 92.9 54:3
piling.....o..0n e 41-8 0:03 0-05 014 | 54-98| 4.5 3.8] 7-1 45:7
2 |Concentrate....... 19.2 0-72 0-66 6-76 | 44.12 | ¢0-8 | 81:7 | 51-2 169
Tailing............| 80-8 0-11 0:15 0-36 | 51-41 | 39.2 | 18-3 | 48-8 83:1
3 Concentrate 215 0-74 0-70 6:30 | 44.27 | 62.8 | 87-3 | 51.7 19.0
Tailing... 78-5 0-12 0-18 0-25 | 51.71 | 37.2 | 12:7 | 483 81-0
4 |Concentrate....... 516 0-43 045 2-80| 46-00 | 90.2 | 93-7 | 80-0 47.3
2iling.....eivvun 484 0-05 0-12 0-20 | 54-57| 9.8 | 63| 20-0 52:7
5 |[Concentrate.......| 49:7 0-42 0.44 2:92 1 45-95 | 91.3 | 926 | 785 457
Tailing....oo...... 50-3 0-04 0-12 0-23 | 54.01 | 8.7 7.4 215 543
6 |Concentrate....... 51-4 04 |........ 2:74 ..., 875 | 89-751......]eevnenns
Tailing........... 486 0:06 |........ 0:26 |........ 12.4 | 10-288. .00 . o
7 |Concentrate....... 381 0-54 780|670 [.... lieiie,
Table concentrate., 4:2 0-48 |[. 2% PR A O
. |Tailing........... 57-7 006 [............... ] eenin 13-8 |...... P P
8 {Concentrate....... 46-0 0:42 [........ 2:84 [........ 81.8 [83-0veeuifeecninns
ailing........... 54.0 008 |.o...... 050 |........ 18:2 | 170 |oveviifornnnnn
9 |Concentrate....... 345 044 |........ 326 {,.0oeunns 67.8 { 84+3 [|......|Coarse
Tailing........... 65-5 (1255 N PP 032 1........ 32.2 | 16:7 |...... grinding
10 |Concentrate....... 454 046 |........ 3:03)........ 79:2 1906 |...ooiliviennnn
Taﬁling ............ 54-6 010 §........ 0:26 {........ 20-8] 94 fieieii]ieeniin,s
11 |Concentrate.......| 47-3 042 1........ 2T 3 86-0 822 f....fnnnnn.
alling....ooveenn 527 006 |........ 051 |........ 14.0 | 178 [ooviidiinnnn,
12 |Concentrate....... 367 053 |........ 262 |..0eenn. 781 | 640 [..oou]eiennns,
Tailing........... 633 0-07 |-o.n..n. 086 |...c0v..| 21-9 [ 360 [...00efernnn, .
13 |Concentrate..... .| 53-0 044 |.......| 2:69]........ 8751905 |..ovifivinenns
Tailing,........ .| 47-0 0:07 |........ 0:32 1.,...... 1261 5 |0iueifnens e
14 |[Concentrate.......| 60-6 040 f........ 2:18 |.....0 01.3 | 918 | ooveifernnnnn
ailing,,......... 390-4 006 |........ 030 |.... 87| 82..... e
15 |Concentrate.......| 17-6 085 |...... . 4.9 |........ 517 156:0{...... .cuvn .
Tailing,,.........| 824 017 |...... . 080 1|........ 48.3 | 440 Joouvii]inean .
16 (Concentrate.......| 29-3 065 |........ 3.61 (...... 792 (70:2 | oeii it
Tailing...........| 707 007 |....... 064 )........ 2081298 |eeuniifirnns
17 |Concentrate.......| 8:14 b {11 P 1308 [........ 394 |...... RPN P
Tailing,....... .| 91-26 015 [ooennnn [115:1: 1 PR I P R .
18 |Concentrate...... .| 86-8 052 ]........ 362 1........ 73:0 {856 |ouveriferniannn
ailing, . ......... 635 011 |oovvuinnf 0850000, 270 | 1404 [oouuu ]
19 |Concentrate, ......| 22:5 0-51 |........ 343 |........ 4.0 [ 514 [ooviuifennnnns
Tailing........... 77:5 0-190 L.......L ... 56-0 ... e




Reagents:
Test Reagent Amount | Added to Remarks
No. Ib./ton
1 {Sodaash........cooiiviii i, 5.0 {Ball mill....|Froth good.
Xanthate....ooovvev e i i 0:50 |Cells,......
Pine oil (Century)......c.oovvvenaniin.. 12 “ o
2 LINe. et e 0 [Ball mill....|Bubbles small,
QED . i i e 10 |Cells........|Froth not good.
Pine oil No. 5....... e 08 “« o
Cresylicaoid..........ooovviiiiiiiiiin, ) 04 “« o
8 |TdAme. . i e e ..|Bubbles small, improve-

ment over test No, 2.

© OO OCOOW OOk OO OOt O

0
20
-08
4 -0 .| Froth good.
20 . :
08
b 00 [Ball mill...[Froth good.
. 25 « .-
Pine oil No. 5........... . 04 |Cells.......
Cresylicacid.......covvviiviiiin i, 04 “o.
6 [Sodaash.....coviiiriiiiiiriiiiiiieaan 0 Joeveiiinnn
Coke-OVeR BT, vv vt eieerieeranaann 0 [veveeiiiiin.
Cresylicacid....o.ovviiiiiininennrnnss 2 |,
Water-gas tar........... ...50 } 9
Coal-tar creosote..co.ovvveveeorennn, 50%,
7 1Sodaash....oovviiiiiiiiiiiiininenn. 60 |oveeiiiii...
Water-gas tar.... (115 R D Tabled tailing.
Cresylic acid..... (120 0 T D
Water-gastar........covi v, 0-16
Coal-tar creosote......ooeeevnnennnns 0%J| V7 el
8 [Sodaash......coooiiiiiiiiiiiiiiiiinenen 80 feeeiiiiaiin.
Coke-oven tar 0-1 |oeoeiiiiian.
Cresylic acid (110 12
Water-gas tar...oo oo covviiviiiennnn 50%} 0-12
Coal-tar creosote.....vvveeiivennens 50%f1 MY |eeeealll
9 (Sodaash.....cooviiiiiiiiiiiiieniiennne. 80 [vieiini...
Coke-Oven tar.....o.cvveviniinirenrnvnss s (1 1Y S
10 [Sodaash................ e e 80 [|oiieviiinnn.
Coke-oven tar,, . .oveivieiinieinnnieanns 02 feeiiriniinn.

11 [Sodaash....coooviivriiiiiiinnennnn.. 6:0 foriiiiia...
Kilnresidue....o.ovviinieinininiiinnnnn. 0:08 [.eevvnenn.n.

Barrett's No. 4.coviiiiiiiiniiiiiiienenn, (11 S P

12 Sodaash...,cooiiiiiiiiiiiiiiiiiiennnn, 6:0 |oeeiiiiia.n.
P.T.&T.Co.No.400........coevvvnnnnn. 008 |[............

Barrett's No.4....ooiiviiniiinniiin. (1 1: S P

13 [Sodaash.......coooiiiiiiiiiiiiiiins, 60 [.oviivin....

Barrett’s No.4.....ooooiiviviiiniinnnn.. 04 |.........
Cresylicacid..........coooiiiiii i, 140 |oveoiii...

14 [Sodaash......ovviiiiiiiiiiiniinniiannn, 60 |............
B-l4wood tar........coiuiiiiiiiiinin. (1 25 S IR
Barrett's No. 4..ooooiiiiieiiniiniainn, 03 |..eii..i...
Cresylicacid...........ooooviiiiiiiiiinn, 05 |.oo.oon.ll,

15 [Sodaash.......cooiiiiiiiiiiiiiiiinn, 35 |l Cleaned concentrate,
Barrett's No.4....oooii i i iinniiin 0:8 f...oii.... Added soda ash atend
Water-gas tar.........ooooiiiiin, 0:08 |.....ovv... . of test.
FPL.No.3l.. oottt iiii s 012 ..o



Reagents: continued.

Test Reagent Amount | Added to Remarks
1b./ton
16 |Sodadsh......covivineiininiiaannnnnn.. 8-0
0-§g
Water-gas tar 0-
F.P.L. No. 31 0-12
17 JLime. ..o 80 Poor froth—added soda
Ban-ett sNo. ... 0-24 ash—no improvement.
Water-gastar......................ooo.... 0-08
Cresylicacid.... ..o ... 0-12
18 [Sodaash...............covviniinnnaiinn. 6-0
Sodium hydroxide (40% solution)......... 16-0
Barrett's No.4........................... 0-24
Water-gastar................ooooiin 0-08
Cresylicacid.............ocneiennenann. 0-08
19 [Sodaash...........c.coovveiiiieiiiinnn. 60 |............
Sodium hydroxide solution................ 16:0 |.....c......
Barrett’'s No. 634......................... 024 [............
Watergastar................cooeininnn, 008 [............

Magnetic Separation: A sample, 1,718 grammes, was crushed to —80
mesh and passed through a magnetic separator:
Magnetic. ....coveir i e 762 grammes  45-4 per cent
Non-mAagnetiC. .....ooovverenieeneniirannrnanans 918 «“ 54-6
The non-magnetic portion, 918 grammes, was ground with lime, 3 pounds
per ton, and floated using xanthate 0-10, and. pine oil No. 5, 0-04 pound
per ton. The concentrate was cleaned.

Assay Per cent of values
Products Weight, n " C =
per cent| u g u e
oz./ton ] oz./ton |per cent|per cent| Au Ag Cu
Magnetic................... 45-4 0-07 0-13 0-62 | 57-73 12-0 22:0 19-1
Concentrate................ 7-2 1-66 0:86 | 12-04 | 40-28 44-5 23-1 58-9
Middling................... 10-2 0-41 0-46 1-83F 44-72 15-4 17.2 12-4
Tailing. .........coo0vvevnn. 374 0-20 0-27 0-38 | 46-45 28-1 37.7 9-6
Head from products........|........ 0-27 0-27 1:47 | 80:95 |.......]eeviei]ennnn e
LOT No. 2
Flotation Tests
Assays Per cent of values
Test Product Weight
No. per cent] Cu Au Cu Au
per cent| oz./ton
1 |Concentrate...........ooeveieiieninninenann... 31-4 4.77 0-76 90-4 85-2
Tailing........ccovviiiin e 69-1 0-11 0-06 9-6 14-8
2 |Concentrate................c.oiiiiiiiieian., 29-1 5-16 0-72 94:6 74-8
Talling.. oo oooee i 70-9 0-12 0-10 5:4 25-2
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LOT No. 2—Continued
Flotation Tests—Continued

Product

Tailing.......

TAIDE. ... oo ovnennneneneeani
TAIlDG. ..o . ooiee e
Tailing...........co.oooveiiiiii
Tailing. ...
Tailing.........cvooiiieiiii i
Tailing. .
Tailing...............oooiiiii
Tailing....... ...
Tailing.........ccoveviiiiniiini .
Tallmg
Tailing.........c.ocovvieiiii i
Tailing................

Tailing...,............

Tailing..............

Tailing................

TAINE. .o oeoonnonn oo

Tailing.........
Tailing.......

Test

No.

3 [Concentrate... .

4 [Concentrate..

6 [Concentrate..

6 |Concentrate....................

7 {Concentrate.................oooeiiiinnn...

8 [Concentrate.................coovvuiininio. ..
9 [Concentrate............................o L
10 [Concentrate.......................ooo
11 |Concentrate..............coeviiiiiiiiiiiin..,
12 jConcentrate...........cooeveiiiiiiiiiiiiia
13 |[Concentrate...............oovvviinneeiii...,
14 |Concentrate.....................

15 |Concentrate..............cocevviiaiiLL
16 [Concentrate.............................

17 [Concentrate...............cooooeeiiiiiina....
18 |Concentrate.............

19 |Concentrate...........

20 |Concentrate.........

21 |Concentrate.........

23 |Concentrate. ...
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Test No. 1—1,000 grms. at -50 mesh, 15 minutes in ball: mill.

Soda ash 3 grms.
Barrett's No. 4 0-2 grm,
Cresylic acid 0.2 «

“ 2—1,000 grms, at ~50 mesh, 15 minutes in ball mill,
Soda ash 3 grms,

Barrett’s water-gas

ar . 5 drops

Cresylic acid 0:2 grm,

“ 3—1,000 grms. at ~14 mesh, 45 minutes in ball mill,
Soda ash 1-5 grms

NaOH 400 “ 40 per cent solution.
Barrett’s No. 4 7 drops

Water-gas tar 2

Xanthate 0-5 grm.,

“ 4~-1,000 grms. at —14 mesh, 45 minutes in ball mill,

Soda ash 3 grms,

Cyanide 0-1 grm,

Barrett’s No. 4 7 drops.

Water-gas tar 2

Xanthate 0-5 grm. added to cell.

Added 2 e.c. copper sulphate, produced nice copper float.
“ §—1,500 grms. at ~14 mesh, 60 minutes in ball mill.

Soda ash 4 grms.

Cyanide 0-15 grm.

Barrett's No. 4 11 drops

Water-gas tar 3 «

Xanthate 0-15 grm, added to cell.
Copper sulphate 3-c.c.

“ 6—As in No. 5, except that hardwood tar was used in place of water-gas
tar and double charge of balls used.

“ 7—1,000 grms at ~14 mesh, 45 minutes in ball mill,

Soda ash 2.5 prms.
Water-gas tar 60%
Cresylic acid 20%:¢ 12 drops
Coal-tar ereosote 20%

“ 8—Soda ash 25 grms,
Cresylic acid 15 drops

“« 9—Soda ash ’ 2.5 grms,
Coal-tar creosote 509,
Coal tar 50‘73} 12 drops

“  10—8oda ash 2.5 grms,
Dupont flotation

oil 12 drops.

“  11~—Soda ash 2+5 grms,
P.T. & T. No. 400 12 drops.

¢ 12—1,000 grms, ore, 45 minutes in mill.
Soda ash 3.0 grms.
PT. & T. No. 400 6 drops.
Xanthate 0:1 grm. added to cells.

“  13—1,000 grms. ore, 45 minutes in mill,
Soda ash., 3-0 grmag.
P.T. & T. No, 400 6 drops.

Xanthate 01 grm. added to cells.
Cyanide + 0-5 grm, added to ball mill,
Copper sulphate 2 c.c.
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Test No, 14—1,000 grms, ore, 45 minutes in mill,

Soda ash 3 grms.
Dupont’s creosote 6 drops.
Cresylic acid 8 drops
“  15—1,000 grms. ore, 456 minutes in mill.
Soda ash 3 grms.
Dupont’s creosote 8 drops.
Cresylic acid 8 drops .
Cyanide 0:5 grm.
Xanthate 0-1 grm. added to cells.
“ 16—1,000 grms, ore, 60 minutes in mill (—20 mesh)
Barrett's No. 4~ 5 drops. '
Cresylic acid. 5 drops.
Soda ash 3 grms.
“  17—1,000 grms. ore, 60 minutes in mill (—20 mesh)
Soda ash 3 grms,
Dupont’s creosote 5 drops
Cresylic acid 5 drops.

“  18—1,000 grms, ore, 60 minutes in mill (—20 mesh)
Water-gas tar 60%
Cresylic acid 20%¢ 10 drops.
Coal-tar creosote 20%,

“  19—1,000 grms. ore, 60 minutes in mill (—20 mesh).
Mixture as in

No. 18. 10 drops
Soda ash 2 grms.
Cyanide 0-15 grm,

“ "90—1,000 grms. ore, 60 minutes in mill (—20 mesh),

Mixture as in
No. 18 10 drops

Soda ash 3 grms,

“«  91—1,000 grms. ore, 60 minutes in mill (—20 mesh).
Mixture as in

No. 18 10 drops
Soda ash. 3 grms.
Cyanide 0:15 grm.

After running few minutes added 1 e.c. copper sulphate—copper-
coloured froth came up.

931,000 grms. ore, 20 minutes in mill (—20 mesh).

Soda ash 3 grms,
Cyanide 0:2 grm.
Mixture as in
No. 18 10 drops.
Xanthate 0-1 grm. added to cell.
Copper sulphate 1:5 c.c. added to cell.
CONCLUSIONS

From the results of the magnetic separation test it is evident that the
pyrrhotite does not carry the gold. Attention is drawn to test No. 12 on
Lot 1, where 78 per cent of the gold was recovered but only 64 per cent of
the copper, and to the fact that when lime is used a high copper concen-
trate can be obtained with an excellent recovery of the copper, but without
a corresponding recovery of gold. These results prove that the gold is not
entirely associated with the copper. .
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One very important point was ascertained, namely, that the tests con-
ducted on the ore immediately after it was received gave very good results
(see tests Nos. 1-5, Lot 2), but as the ore became older the results fell off.
" This characteristic was very noticeable.

Special attention is drawn to the use of cyanide with soda ash. Tests
Nos. 4, 5, 13, 15, 19, and 23 were run using cyanide. In the last three of
these tests the ore was showing decided signs of oxidation. The results in
tests Nos. 4, 5, and 13 are very encouraging, and warrant the conducting
of a tonnage-scale test using these reagents.

The experience with this ore shows that the samples used for flotation
tests must be selected from freshly mined ore and guarded in every pos-
gible way against oxidation.

Report No. 243

EXPERIMENTAL TESTS ON ORE FROM THE J & L MINE NEAR
REVELSTOKE, B.C.

J. S. Godard

Shipments. A shipment of 70 pounds of ore was received on January 5,
1926, from the J & L mine near Revelstoke, B.C. Tt was submitted by
the Poreupine Goldfields Development and Finance Co., Litd., Montreal.

Characteristics of the Ore. The ore is complex and consists princi-
pally of the sulphides of arsenie, zinc, lead, and iron, with smaller quan-
tities of the sulphides of copper and antimony. The gold is chiefly associ-
ated with the arseno-pyrite and pyrite and the silver with the galena. The
gangue is siliceous.

Sampling and Anclysis. The entire lot was crushed to 1 inch, cut
once, reduced to —10 mesh and cut twice, reduced to —48 mesh and cut
twice, then reduced to —150 mesh at which size the head sample was
taken. Analysis was as follows:

0-52 0z./ton  Copper................. 0-15 per cent
.. 3:50 “ ... 80 “
4.57 per cent ... 21-8 “
Arsenic,................ 1190 “  Antimony.............. 0-22
Insoluble............... 16-88

Purpose of Tests. The purpose of these tests was: (1) to ascertain
if the gold could be extracted by cyanidation; (2) to separate the sulphides
of lead, zine, and arsenic.

Tests Nos. 1, 2, 3, and 4

Cyanidation. The purpose was (1) to ascertain if the gold and silver
values could be extracted by cyanidation; (2) if finer grinding aided the
extraction; (3) if water washing aided the extraction or reduced the
cyanide consumption; and (4) if the addition of an oxidizing agent,
sodium peroxide, made any appreciable difference in the extraction. In
test No. 1, 500 grammes of the ore were dry crushed to —65 mesh. In
test No. 2, 500 grammes were dry crushed to —150 mesh. In test No. 3,
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500 grammes were wet.crushed in a ball mill and secreened through 150
mesh, the oversize returned for regrinding, until all passed 150 mesh,
The pulp was dewatered before cyanidation. In test No. 4, 500 grammes
of ore were crushed as in test No. 3, pulp dewatered. All four tests were
cyanided in a 1:3 pulp, using 0-10 per cent KCN. Time of agitation was
48 hours. In test No. 4, 0-25 gramme sodium peroxide was added after
7 hours, and again after 31 hours’ agitation.

Summary
Heads assay, | Tailing assay, Extraction, Reagent consumption
'11:;5513 oz./ton 0z./ton per cent Ib./ton )
0. -
Au l Ag Au | Ag Au Ag KCN Ca0O Naz0g
1 0-52 3-50 0-49 2-41 5.8 31-2 5-04 11-40 None
2 0-52 350 0-49 3:04 5-3 13:2 5.84 10-48 None
3 0-52 3-50 0-50 3-04 3-8 13-2 5:08 - 6-60 None
4 0-52 3-50 0-50 3+10 3:8 114 5-40 5:40 2:00
CONCLUSIONS

1. The extractions obbained were almost negligible.

2. Grinding—Finer grinding made no practical difference in the gold
extraction. The best silver extraction was obtained in test No. 1 when
coarse crushing was used.

3. Water washing did not aid in the extraction. It reduced the
cyanide consumption slightly in the 150-mesh material.

4. Oxidizer—The addition of sodium peroxide did not aid in the
extraction.

In the raw state, this ore cannot be successfully treated by the cyanide
process.

Test No. &

Selective Flotation at 150 Mesh and Tabling the Tailings. The purpose
of this test was to ascertain (1) if a practical separation of the lead, zine,
and arsenic could be made by selective flotation; (2) with which sulphide
the gold and silver were associated; and (3) if tabling the flotation tailing
would assist in the recovery. '

A sample of 1,000 grammes of —48 mesh ore was ground to 150 mesh
in a ball mill and selectively floated in a Ruth machine. The flotation
tailing was tabled on a small Wilfley table.

Results:
Assays Per cent of values
Product Weight,
per cent] Au Ag Pb Zn As
0z./tonjoz./ton[percent|percent|percent| Au | Ag | Pb | Zn | As
Lead concentrate| 16:6 | 0-46 | 15-72 | 20-67 | 1836 | 7.07 | 14.2 | 61-1 | 54-8 | 25.6 9-9
inc ¢ 22:0f 0-37| 3:20| 47712797 7-63| 15-2 | 165 | 16-7 | 51.7| 14.2
Arsenic © 26-7| 080 | 162 2:56 | 6-44 | 19.47 | 40-2 | 10-1 | 10:9 | 14.4 | 43.8
Table “ 6:0f 0-91 4.19 1 5-15} 2.31]20-21) 10-3]| 59| 4.9 1.2| 10-2
Table tailing..... 13-8| 03¢ 065 2-05} 2.52|10-11{ 8.8} 2.1 | 45| 2.9] 11.8
Slimes.....ovueee 14.9| 040 | 1.24| 3-46| 3-32| 800 11-3} 4.3} 82| 42| 10-1
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CONCLUSIONS
(1) Separation. A rough separation can be obtained by selective

flotation.
(2) Association. The gold is principally associated with the arseno-

pyrite, the silver with the galena.

(8) Tabling of Flotation Tailing. Tabling of the flotation tailing
was effective in this test, largely on account of the poor results in the flota-
tion of the arsenic. With improvement in the flotation of the arsenie, this
step might be omitted.

Selective Flotation Tests

The purpose of these tests was to separate the lead and zine, and the

arsenie.

Assays Per cent of values
Test Weight,

No. Product per cent] Au | Ag | Pb | Zn | As
oz./ | 0z./ | per | per | per | Au | Ag [ Pb | Zn | As

ton | ton | cent | cent | cent
6 [Lead concentrate.... 13-5| 0.52| 16-72) 19.92| 18.21| 7-00| 14-6f 61-4] 39-2} 21.6f 7.2
Zinc “ 25.6] 0.30] 3-84] 6-97[ 31-08| 6-88| 15-9| 26-7| 26-0] 69-8| 13-4
Arsenic ¢ 47.6] 0-68] 0-84| 3.49 1.66| 21.39) 67-3| 10-8| 24-2[ 6-9| 77-7
Tailing...covvnvvenss 13-3| 0.08| 0-30| 5-48 1-44f 1-67 2.2| 1.1 10-6| 1-7] 1.7
7 |Lead concentrate.... 11.1] 0-48| 20-80| 23-80) 20-12| 5-58| 9-5[ 62-0f 36-8] 19-7| 4-8
Zine “ 20-4| 0-22] 3.18) 6-23{ 35.-01| 5.08| 8-0| 17-4| 17-7} 62-9| 8-1
Arsenic ¢ 53.2| 0-84] 1.32( 4-48] 3-32| 20-65| 80-0| 18-8( 33-3] 15-5( 85-8
Tailing, ....ovoveeenn 15-3) 0-09] 0-43 5-73| 1-.41f 1.12{ 2.5 1.8 12-2| 1.9 1.3
8 [Lead concentrate.... 10-7| 0-54| 15-86 20-32| 20-79 6-30| 11-4| 47-4) 36-0| 19-5| 5-3
Zine “ 35-0| 0-89| 4.17| 6-95] 24.04| 8-39| 27-6( 41-8| 41-3[ 75-5| 23-8
Arsenic 37.8| o.77y 0.87| 1.47f 1-28( 22.77| &7-3| 9-1| 9-2| 4.2| 68-2
Tailing.............. 15.6/ 0-12| 0-39{ 5-23) o0-57| 2.16| 3-7| 1-7| 13-5; 0-8] 2:7
10 |Lead concentrate.... 6-4] 0-62] 7-38| 11-00| 14-58] 9-67| 8-2f 13.7f 11.7| 8.1 4.7
Zine “ 26-5( 0-23| 7-19| 12-43| 83-95 4-64] 12-5| 55-2| 54-9( 78-7| 9.4
Arsenie 52.8] 0.71| 1-95 2.56| 2-54| 20-61] 76-6| 29-8| 22-5| 11-7[ 83-5
Tailing,...ooovuvnen. 14-5( 0.09| o0-31| 4.56| 1.19[ 2.16| 2.7| 1.3| 10-9| 1-5| 2-4
11 |Lead concentrate.... 32.7| 0:48| 8-17) 11-35| 18-34| 10-62| 30-4| 76-0[ 65-5! 53-6( 28-4
Zine “ 16-8| 0-48[ 2-10{ 3-09{ 19-06| 11-00| 15-7| 10-0] 9-2] 28-7 15-1
Arsenic ¢ 36:6| 0-72] 1.16{ 1.78] 4.93| 18-13| 51.2| 12-0f 11.5} 16-2) 54-3
Tailing.......oovenn 13-9| o0-10{ o0-50| 5-.63[ 1-17} 1.92| 2.7] 2-0f 13-8 1-5] 2-2
12 {Lead concentrate.... 15-7¢ 0-52| 10-40| 13.75| 18-55] 9-98} 15.2| 46-8| 36-7| 25-9( 21-7
ine “ 23.1] 0-37| 4-55 7-62| 27.66] 8-20| 15:7| 30-2| 29-9| 56-8( 14-1
Arsenic 46-9| 0-76] 1.50| 2-54 3.74| 20-67| 66-0| 20-2( 20-2( 15-6( 72-3
Toilirg.....ooveennn, 14-3| 0-12| o0-68 5-.45 1.25 1.78| 3.1 2.8 13.2| 17| 1.9
18 [Buik concentrate.... 30-9| 0-70f 1-30] 1.99f 7-04| 19-02| 40-6) 11-3} 10-4| 18-9f 47-0
Arsenic 52.1| 0-56] b5-84| 8.39( 17-44| 11-70| 54-9| 85-8| 74-3| 79:2| 48-6
Tailing........o.oo0t 17-0{ 0-14| o-60| 5-28 1-27| 3-24| 4.5 2-9| 15-3| 1-9] 4.4
14 |Lead concentrate.... 23.7| 0-54| 10.32| 14.29| 17-30{ 10-68| 23-3| 66-3| 56-2( 35-6| 18-5
Zine “ .. 35.5| 0-52| 2.50| 4-21| 18.13| 13-42| 33-8| 24-1| 24.7| 55-9| 34-7
Arsenic ¢ 29.3| 0-76| 1.04| 1-99| 2-80| 21-24| 40-7| 8-3| 9-7[ 7-1| 456-4
Tailing.............. 11.5| 0-10| 0-43] 4.96| 1.40] 1-59| 2-2| 1-3| 9.4 1-4[ 1-4

CONCLUSIONS

The flotation of the sulphides was not satisfactory, poor recoveries

and poor separations being made in each test. The ore 1s slightly oxidized
and this interfered with the flotation.

§1694—2
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Report No. 244

EXPERIMENTAL TESTS ON ARSENICAL GOLD ORE FROM MOUNT
EVELYN MINES, HUDSON BAY MOUNTAIN, B.C.

J. S. Godard

Shipments. A shipment of ore, weighing 55 pounds, was received
October 8, 1925, from the property of the Mount Evelyn Mines Limited,
situated on the Hudson Bay mountain, Omineca mining division, B.C.
Mr. P. J. Job of Vancouver was the shipper.

Characteristics of the Ore. The sample submitted was an oxidized
arsenical gold ore in siliceous gangue.

Sampling and Analysis. The entire sample was crushed to —14 mesh
and cut four times in a Jones sampler. One cut was reduced to —50 mesh
and then cut to 1,500 grammes. This was crushed to —150 mesh and the
head sample cut. The analysis was as follows:

Gold...... e 0:46 oz./ton [07077):1:3 SRR 0-18 per cent
Silver...ovovviiinn.s 0-26 ¢ bead. .ol Nil

A1 T U 0-30 per cent Ni4Co.vvvivnnnnn 0-08 ¢
Iron....ocovevnnens. 21.52 ¢ Arsenic............. 15.12 ¢
Antimony........... Nil Insoluble............ 35.20 ¢

Purpose of Eaperimental Tests. The purpose of these tests was to
ascertain if the gold and -arsenic could be recovered by concentration and
if the gold could be recovered as base bullion, by amalgamation or cyani-
dation either with or without roasting,

Test No. 1

Tabling Sized Ore. 'The purpose of this test was to ascertain what
recovery of the gold and arsenic could be obtained by tabling the sized
ore. A sample of 2,970 grammes was cut from the —I14-mesh material
and dry screened on 35 and 80 mesh, the various sizes being tabled
separately.

Screening:
Mesh Weight, Weight,
grms. per cent
e 1 1,500 506
B 1 - | 679 22.9
=804i0a0ss @bt b eaas b reetanerasiurettoatasiets ittt tatararenan 784 26:5
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Tabling:
Assay Per cent of values
Size Product Weight,
per cent Au As
oz./ton | per cent Au As
~144-35.......0000e Concentrate........... 28-7 0:68 33:41 37:5 63-4
Middling.............. 15-4 0-44 12-19 1341 12-4
Tailing.....cocvveeee. 55:0 0-46 6-56 49-4 24.2
36-5 0-68 32-45 45.7 76-8
45-1 0-48 5-05 39:8 17-3
18-4 0-43 4-96 14.5 5.9
23:6 0-72 3642 28:3 |’ 523
8:1 077 24-62 103 12-1
542 0-54 8.38 438-8 276
14.1 0-54 9-36 12-6 8.0
Combined results....|Concentrate........... 29-1 069 3376 36-7 63-3
Middling.............. 203 0-49 10-30 18-1 13-4
Tailing and slimes, ... 50-6 0-49 7-14 45:2 23-2
Weight of feed.......... 2,963-0 grms. Weight of products...... 2,897-1 grms.
0SBivarans PN 659 « Per cent loss............ 2:2
Ratio of concentration...........ooovvvvnnne 1:35

Conclusions. The recoveries of both gold and arsenic were poor in
all three sizes, since in tabling, the oxidized part passed into the tailing.
This oxidized material contained considerable quantities of both gold
and arsenic. To substantiate this the tailings were passed through an
Ullrich magnetic separator, and the magnetic and non-magnetic pro-
ducts were assayed for gold and arsenic with the following results:

Assays Per cent of values

Size Product Weight,

per cent Au As
oz./ton | per cent Au As
—14-4-85 [Magnetic......coovuvrvrineinnes 36-0 0-65 10-66 53.3 65-0
Non-magnetic................. 64-0 0-32 3:22 46-7 35:0
—~35-4-80 [Magnetic......vovvvrrrvnennsn. 49.0 0-67 9.61 79-1 89-3
Non-magnetic...........cocvu. 51:0 0-17 1-11 20-9 10-7
—~80 [Magnetic........oovvvvininens. 416 0-72 11.97 57-4 b7-4
Non-magnetic........coe0veunn. 58-4 0-38 632 42-6 42:6
Test No. 2

Amalgamation at 48 mesh. The purpose of this test was to ascer-
tain if the ore was amenable to amalgamation and if so, to what extent.

51694—23
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A sample of 1,000 grammes of —14-mesh ore was ground wet to 48 mesh
and amalgamated. The tailing was screened and the products as-
sayed:—

Assay
Product Weight, Au Per cent

per cent oz./ton Au
B ot 1 JA N 8:5 035 6:6
e (1] TSP 12-3 0-42 11-5
B 1) O 21.3 0-45 21.1
200, e e 16-9 0-47 174
—200............ 41.0 0:48 434
Hend SaImple. o vue ittt eieieeriernenrnsennenenefovseeninnens 0.46
) Y SO (I 0:45

Amalgamation is ineffective on this orve.

Test No. 8

Flotation at 150 mesh. The purpose of this test was to ascertain
if the gold and arsenic could be concentrated by flotation, at the same
time obtaining a tailing so low in gold to permit its being discarded.
A sample of 1,000 grammes of —14-megh ore was ground to 150 mesh in a
ball mill, then floated in a Ruth machine.

Assays Per cent of values
Product Weight,
per cent Au As
oz./ton |per cent] Au As
(07031 TLTcY 115 ¥ S 37-7 0:40 | 26-85 36-6 625
B 7 N 623 0-42 '9-65 63-4 37:5

Conclusions. The gold and arsenic cannot be successfully coneen-
trated by flotation. The tailing was too high in both metals to permit
its being discarded.

Tests Nos. 4 and &

Cyanidation. The objects of these tests were (1) to ascertain if the
gold in the ore could be extracted by eyanidation; (2) if fine grinding and
water washing would aid in the extraction, and lower the cyanide consump-
tion. In test No. 4 the ore was dry crushed to —65 mesh before cyanida-~
tion. In test No. 5 the ore was ground wet to —150 mesh and dewatered
previous to cyanidation. The pulp dilution in both was 1:2, and the
KCN strength was 0.10 per cent. Time of agitation was 48 hours.

Assay Ixtraction, Reagent consumption, lb./ton
Tost; No. - per cent
Head I . Tailing KCN | Ca0O
4 0-46 0:25 45:6 8:0 316
5 0-46 0:20 665 5.4 30:0
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Conclusions. Poor extractions were obtained in each test. Fine
grinding and water washing aided the extraction and reduced the cyanide
consumption. :

Tests o RoasteEp ORE

Roastz’ng.‘ A sample of 7,500 grammes of —14-mesh ore was roasted to
drive off the arsenic and sulphur.

Weight before roasting...................coovts. 7,500 grammes

Weight after roasting..................c.covvnn... 5,215 “

088ttt eee et et 2,285 « =305 per cent

Analysis of roasted ore: Gold............. 0-69 oz./ton Arsenic..... 018 per cent
Silver............. 0.37 Sulphur..... 0-3¢ ¢

Test No. 6

Water Washing. The purpose of the test was to determine the loss in
weight due to water washing the roasted ore. A sample of 300 grammes
of —14-mesh ore was agitated for 5 hours with 900 c.c. water. The pulp
was filtered, dried, and weighed. :

Weight before washing........ovovveeiiivnrinnnn.. ggg grammes

Weight after washing, ...
Loss

2 “ = 07 per cent

Test No. 7

Amalgamation at —28 mesh. The purpose of this test was to determine
if the roasted ore could be successfully amalgamated. A sample of 1,000
grammes was ground to pass 28 mesh, then amalgamated. Lime equivalent
to 10 pounds per ton was added to the pulp. The tailing was screened and
the products assayed:—

Mesh Weight, per cent Assay Per cent of values
oz./ton
-+ 35 28 0-18 0.7
-+ 48 18-4 0-40 10-4
-+ 65 19-4 0-66 18:5
4100 12-5 072 12-8
+150 14-5 0-74 15.2
+200 4.0 0-82 4.7
—200 28:0 0-95 377
Head sample before amalgamation.................. e 0:69 o0z./ton
B R D 070

Conclusions. The roasted ore is not amenable to amalgamation. The
gold is largely in the finer sizes.

Tests Nos. 8, 9, 10, and 11

Cyanidation. The purpose of these tests was to determine (1) if the
roasted ore could be successfully cyanided; (2) if water washing decreased
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the cyanide consumption; and (3) if fine grinding aided extraction. The
procedure in these tests is best illustrated by the following tables:—

KCN
Test No. Mesh per cent  [Pulp dilution Treatment of ore
—14 0-10 1:3
—150 0-10 1:38 Dry crushed.
—14 0-10 1:8 Water washed .
—150 0-10 1:3 Wet crushed and water washed.

Time of agitation—48 hours.

The tailings from tests Nos. 8 and 10 were screened on 100 mesh and
the products assayed:—

Test Weight, Per cont .
No. Mesh per cent Assay of values Remarks -
8..... 4100 66-5 0:16 54-1 Avernge tailing 020 oz./ton,
—100 335 0:27 459
10..... 4100 67:6 0-16 57-2 Averago tailing 0-19 oz./ton.
—100 32:4 0-25 42-8
Results:
Assay ’ Reagents consumed, 1b./ton
Test No. Extraotion,
Head Tailing per cent KCN [ Ca0
0:69 0-20 71:0 1.5 77
0:69 0-19 72-5 22 8-0
0-69 0-19 725 1.4 4-0
0-60 0-17 75-4 2.8 7.8

Conclusion. The highest extraction was 75 per cent. Water washing
decreased cyanide consumption in test No. 10 and increased it in test No.

11.

extraction,

The variation either way was small,

Test No, 12

Chlorination of roasted ore at —14 mesh. To determine if the gold could
be chlorinated. A sample of 300 grammes of roasted ore at —14 mesh was
chlorinated in a bottle for 16 hours. The pulp density was 1:0.75.

Fine grinding did not aid in the

Summary:
Assay Extraction, Reagents used, 1b./ton
per cent
Head Tailing H;S04 Bleaching powder
0-69 0-10 85-6 ‘ 70 167
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The bleaching powder was of poor quality, 22.8 per cent Cl, and
necessitated more sulphuric acid than would be required when using higher
grade bleaching powder. The extraction of the gold, 85-6 per cent, was the
highest yet obtained.

Test No. 13

Cyanidation by percolation on roasted ore at —14 mesh. To determine
what extraction of the gold could be obtained by allowing a strong solution
of KCN to percolate through the roasted ore. A sample of 300 grammes
of ore at —14 mesh was placed on a filter. It was first washed with 0.05
per cent KCN, then two litres of 0-25 per cent KCN were allowed to
percolate through the ore each day. Air was drawn through after each
percolation and the solution returned. The time was 5 days.

Head...ovvvivieiiiinnriirienenes 0-69 o0z,/ton
Tailing. .ovvvreenreri i 014
Extraction......oovvniiriiniiiiniinnins 80 per cent

Conclusions. The above treatment extracted 80 per cent of the gold.
This compares favourably with 75 per cent extraction obtained by agita-
tion in test No. 1L

Test No. 14

Chlorination at 65 mesh. To determine if chlorination at 65 mesh wus
more effective than at —14 mesh. Procedure as in test No. 12, excepting
that ore was ground to —65 mesh.

Summary:
Assy | Reagents used, 1b./ton
Ixtraction, —
Head | Tailing per cent H3804 | Bleaching powder
0-69 0-10 85 ’ 170 ’ 82

Conclusion. Chlorination at —14 mesh was equally as effective as at
—65 mesh.

Test No. 16

Cyanidation at 200 mesh. To determine what extraction of the gold
could be obtained from ore ground to —200 mesh and agitated for 72 hours
in an 0-25 per cent KCN solution. A sample of 500 grammes of roasted
ore was ground to —200 mesh in a ball mill, dewatered, and cyanided. Air
was blown through the pulp for 4 hour each day.

.

Summary:

Asgay Reagents consumed, 1b./ton
Extraction,
Head | Tailing per cent KCN | Ca0

079 0-14 79-6 2.6 1.9
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Conclusion. Long treatment of the finely ground ore in strong cyanide

solution recovered only 79-6 per cent of the gold. This is a small improve-
ment over test No. 11.

Avppitionar, ConceEnTrRATION TESTS oN Raw Orm

Test No. 16

Flotation and Tabling. The purpose was to determine what percentage
of the gold and arsenic could be recovered in the concentrates by flotation
followed by tabling the flotation tailing. A sample of 1,000 grammes of
ore at —14 mesh was ground to 100 mesh in a ball mill and floated in & Ruth
machine. The tailing was tabled on a laboratory Wilfley table.

Summary .
Assay Per cent of values
Product Weight,
per cent Au As
oz./ton | per cent Au As
Tlotation concentrate 39-6 078 30-27 57-8 73-1
Table concentrate 1.8 0-76 14-44 2-6 1-6
Table middling. . 4.5 0-65 10-43 5.4 2:9
Table tailing,. .. 405 0-34 6-11 25-8 15:0
limes....... 13-6 0-33 8-90 8-4 7-4
Recoveries: Gold............ 60-4 per cent Arsenic............ 74-7 per cent
Test No. 17

Sizing, Tabling, Flotation, and Cyanidation. The purpose of this test
was to determine what recovery of the gold and arsenic could be obtained
by this treatment. A sample of 1,800 gramnmes of ore at —14 mesh was
sereened on 35 mesh and the oversize crushed to —35 mesh. The —35 mesh
material was screened on 100 mesh. The —35--100 material was tabled, the
tailing reground to —100 mesh, united with the —100-mesh material from
sizing, and floated in a Ruth machine. The flotation tailing was tabled and
a portion of the table tailing cyanided.

Summary:

Assay Per cent of values
Products Weight,
per cent Au As
oz./ton | per cent Au As
Table concentrate......oovevniiiiieienina 21-2 0-65 33-68 258 41-7
Flotation concentrate., .......ovvvevivvninn, 21:1 0-92 28-49 © 36-1 35-1
Table congentrate......covvveverveneeacnnns 1-4 0-93 17-31 2.4 14
Table middling.......ooviivnniiiraniinnnnas - 28 072 13-55 3.7 2-2
Table tailing. ...o.ovvvvreiieniiirniienernnes 440 0-33 6-04 27-0 15-6
SlIMES. i vt et rteeeenaerinrsasenesnnseaones 95 0-29 7-31 5:0 4.0
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A sample of 500 grammes of the tailing was dry crushed to —150 mesh
and cyanided for 48 hours in 1:2 pulp, using 0-075 per cent KCN.

Assay Reagents consumed, 1b./ton
Extraction, -
Head | Tailing per cent KCN CaO
0-33 0-10 69-8 2-3 33-4

Distribution of the gold:

. Table concentrate, CoOArSe B126....covervrrrrrvesrerrvaceraeenss 25+
. Flotation concentrate......vvvvreviverievesiesronisreeearseses 36
. Table concentrate from flotation taiing.........cocvvvvuenne.n 2
. Inoyanide sSOMtION. .t vttt vt i vnrirvnrienioneinsnennsnes 18
. Table Middlng. . .ovvrvniiviiiiiriiiieriniieiieionreeeens 3.
B 0 o) T v T O N 5

8

.\IQWQWNH

Ttems 1-4 show recoveries of the gold which amount to 83 per cent.

Conclusions. By the above method of treatment 78-2 per cent of the
arsenic and 64-3 per cent of the gold is recovered as concentrates, weighing
43+7 per cent of the total; 188 per cent of the total gold was extracted by
cyanidation. The eyanide consumption amounted to 2-3 pounds per ton,
which indicates that the cyanicides are largely removed by the concen-
tration; 33-4 pounds lime per ton were used to maintain the necessary
protective alkalinity.

Test No. 18

(4) Sizing, Flotation, and Cyanidation. The purpose of this test was
to determine what recovery of the gold and arsenic could be obtained by the
above method of treatment. A sample of 1,600 grammes of the ore was
crushed to —35 mesh and screened on 100 mesh. The —354-100 product
was tabled and the tailing and middling from the table reground to 100
mesh, mixed with the —100 mesh from the screen and all ground to 150
mesh for flotation in a Ruth machine. The flotation tailing was dewatered,
sampled, and cyanided for 65 hours in 1:2 pulp, using 0-075 per cent KCN.

Summary :
Assay Per cent of values
Product Weight,
per cent Au As
oz./ton | per cent Ay As
Table concentrate.......cociverirenississnss 9-7 0:64 3555 11-6 21-9
Flotation concentrate. .......oovvvuenvnen., 28-5 0-87 28-62 45-8 51-7
Tailing. . ovvrreiiiinneneriiciineniisniniens 61-8 0-37 674 42-8 26-4




24

Flotation Reagents:
PT. & T.Co. N0. 1580.., .0 0vvvrnnnnnnnniiiirencennss 0-15 1b./ton to ball mill,

. 0:06 1b./ton to cell.
7:00 “

vee veeo 0:30 “

Pine 01l NOu Beuvuvernerinrnenennernnsesesnnessnnsonnes 0-06 “

Cyanidation:
Assay Reagents consumed, 1b./ton
Extraction,

Head l Tailing per cent KCN | Ca0

0-37 0-10 730 288 347
Distribution of Gold:

Table Coneentrate. . cvrnuteer et artieeroeaerornersasaesanones 115 per cent

Flotation concentrate. . ... overirviiernrinrnerneraerarannesnanns 46-0

Cyanide SOMHION. c.ve vt i v vieriiisrnesrnosennnioreseananranes 3.0 “

BInal t8IHNE. . ot iiii s i et ee et eir et eraaerans 1.5

(B) Cyanidation of Combined Concentrates from Test No. 18. The
purpose of this test was to ascertain if the gold in the combined con-
centrates could be extracted by cyanidation. Some of the table concen-
trate was ground to 150 mesh and mixed with some of the flotation con-
centrate and cyanided for 65 hours in 1:3 pulp, using 0-10 per cent XCN.

Summary:
Assay Reagents consumed, 1b./ton
Extraction,
Head I Tailing per cent KCN l Ca0
0-84 0-47 44.0 19-6 25-3

Conclusions. By combining the table and flotation concentrates a pro-
duct which weighs 38-2 per cent of the feed and assays 0-84 ounce gold
per ton, and 30-38 per cent arsenic, is obtained. This represents 57.5 per
cent of the gold and 73:6 per cent of the arsenic. Cyanidation of the
flotation tailing increased the gold recovery by 31.0 per cent, making a
total gold recovery of 88.5 per cent. The cyanide consumption was 3.88
pounds per ton and the lime 34 pounds per ton. Cyanidation of the com-
bined concentrates was not satisfactory. The extraction of the gold was
low, 44-0 per cent, and large amounts of reagents were consumed.

Test No. 19

Cyanidation of Acid Washed Ore. The purpose of this test was to
ascertain if acid washing the ore previous to ¢yanidation would decrease the
cyanide consumption or aid in the extraction. A sample of 600 grammes
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of ore was ground to —150 mesh and agitated for 2 hours in 2 per cent
sulphuric acid solution, filtered, washed, and cyanided for 65 hours in 1:2
pulp, using 0.075 per cent KCN.

Summary:
Assay Reagents consumed, Ib./ton
Extraction, -
Head l Tailing per cent KCN Ca0
0-52 0-26 50-0 8-8 49-4

Acid washing previous to cyanidation did not decrease the cyanide
consumption nor aid in the extraction.

Test No. 20

(A) Flotation, Tabling, and Cyanidation. To ascertain what percent-
age of the gold and arsenic could be obtained by the above method. A
sample of 1,200 grammes of ore at —14 mesh was ground to 200 mesh and
floated in a Ruth machine. The flotation tailing was dewatered and
cyanided.

Results:
Assay Per cent of values
Product Weight,
per cent Au As
oz. /ton | per cent Au As
Flotation concentrate 362 0-85 29.21 59.0 69-9
Table concentrate. .. 2.8 0-90 1444 4.8 2.7
Tailing.............s .. 61-0 031 679 36-2 27.4
Head sample from products..............o.feeeevneun. 0-522 15:2 oo,
Average combined concentrates .. N 0-85 b2 G R
Flotation Reagents:

Sulphuricacid........ooviiiiiiin i i 3:0 Ib./ton to ball mill

Sodium sulphide........covviiiinreriiiiiiiiina., 1-0 “«

P.T. L Co. N0 1580.....ciiiiiiiir e iiiiiinass 0-25 «

Pine 0l NO.B50..0..vvvereinerrenenernreneenennennes 0-18 “

Xanthate..... .. . 0:30

Copper sulphat -00 “

Sulphuric acid. 7-50 Ib./ton to cell

Copper sulphati 0:76 «

Pine oil No. §... . 0-18 “

Xanthate. ... .oveiniiiiiiiiiiiiiriiiiirrieieeanans 0-40 “

A sample of 542.3 grammes of the table tailing was cyanided for 48
hours in 1:2 pulp, using 0.075 per cent KCN. The cyanide tailing was
screened on 200 mesh.

Assay
Mesh Weight, Au Per cent of values
per cent oz./ton
+200 6-6 0:09 6-6

~200 934 0-09 934
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Details:
) Assay Reagents consumed
Tailing, Solution, KCN Extraction, [—— ——
grms, grms. per cent Head Tailing per cent KCN CaO
542:3 ’ 1,066 ‘ 0075 0-31 0-09 71-0 3.08 41.9

Conclusion. The recoveries were gbld 89-5 per cent, arsenic 72:5
per cent.

The distribution of the gold was:

Tn coneentrates. . oovrvivenrerereernennns resireereesnreenens .. 038 per cent
In XCN solution.. .. Cieeees Cereirereeieres 25+ “«
In KON tailing. coveveririeiernnnernnerenroeeenns Ceeererseearas 106

The gold recovered was distributed as follows:

In flotation concentrate
In table concentrate
In XCN solution....

659 per cent
5.3 14
28.8 ¢

(B) Cyanidation of the Roasted Concentrates. To ascertain what
recovery of the gold could be made by cyanidation of the roasted concen-
trates. A sample of 415.3 grammes of the combined concentrates was
roasted to drive off the arsenic and the sulphur, then cyanided:

Weight before roasting. . vuiveeveiieeirenereerrenenees PN 415-3 grammes
Weight after roasting . 2450 ¢
LoSS..viienen. e b e er e et ettt e Crereeen voees 1708 ¢ —4140%

Assay of roasted product calculated 1-44 ounces per ton.

Details:
Reagents,

Roasted | Solution,] KCN Assay Extrac- 1b./ton Time,
cone., grms, per cent tion, hours
grms, Head Tailing | percent [ KON |- CaO

245.0 1,000 0-10 1.44 0-27 81-3 10-1 45.8 65

Conclusion. By cyanidation, 81 per cent of the gold in the roasted
flotation concentrate can be extracted.

Summary (A) and (B). Distribution of gold on cyanidation of
roasted concentrates.

In KCN from cyanidation of roasted concentrate................ 51+9 per cent
In XCN from cyanidation of table tailing.............ocovvvnvnnn 25-7 «
In tailing from cyanidation of roasted concentrate................ 11.9 ¢
In tailing from cyanidation of table tailing...........cvcouiveivnnes 10:5

Recovered from cyanidation of roasted concentrate........ Cereee 51-9 “} 7.6
Recovered from cyanidation of table tailing............coovnue 257
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CONCLUSIONS

.The following conclusions are drawn from the tests conducted on this
ore:

Amalgamation. Negative results were obtained on both crude and
roasted ore.

Cyanidation. Crude ore—The cyanidation of the crude ore was not
satisfactory. The extractions were low and the consumption of reagents
excessive. Water washing of finely ground ore previous to cyanidation
reduced the cyanide consumption and aided in the extraction, but results
could not be considered satisfactory.

Roasted Ore. By agitation in cyanide solution 75 per cent of the
gold was extracted; and 80 per cent by percolation. The reagent consump-
tion was moderate.

Chlorination. This method extracted 85 per cent of the gold. It
necessitates dead roasting, and the production of the chlorine would be
costly.

Tabling. Tabling of the sized feed was not satisfactory. The oxidized
portions which contained considerable fine gold passed into the tailing. The
tailing assayed high in arsenie.

Flotation. Flotation alone produced poor results.

Flotation and Tabling. 'This recovered 60 per cent of the gold and
75 per cent of the arsenic.

Sizing, Tabling, Flotation, and Tabling. By this method of treat-
ment 75 per cent of the gold and 78 per cent of the arsenic were recovered
as concentrate.

Sizing, Tabling, Flotation and Cyanidation. By this method 57 per
cent of the gold and 74 per cent of the arsenic are recovered as a combined
concentrate amounting to 38 per cent of the original feed by weight and
assaying 0.81 ounce gold per ton and 30.38 per cent arsenic. The tailing
"assayed 0-37 ounce gold per ton and 6.74 per cent arsenic. Cyanidation of
this tailing recovered an additional 31 per cent of the gold, leaving a final
tailing of 0-10 ounce gold per ton. The cyanide consumption was nearly 3
pounds per ton and the lime 35 pounds per ton. The recoveries obtained by
this method of treatment amounted to 88.5 per cent of the gold and 74 per
cent, of the arsenic.

Flotation, Tabling, and Cyamidation. This method recovered 895
per cent of the gold and 72-6 per cent of the arsenic. It necessitates the
disposal of the arsenic concenfrates which contain 63-8 per cent of the
gold. Roasting and cyanidation of the concentrate made a recovery of
81-3 per cent of the gold contained in the concentrates, making a total
gold recovery of 77.7 per cent.
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Report No. 245

CONCENTRATION OF LEAD-ZINC TAILINGS FROM THE DUMP AT THE
NOTRE DAME (TETREAULT) MINE, NOTRE-DAME DES
ANGES, QUEBEC

C. S. Parsons

Shipment. A shipment consisting of a carload of tailings was received
at the laboratories, February 8, 1926, from the British Metal Corporation
(Canada) Limited, Montreal, Que. The material was taken from the
tailing dump at the Notre Dame (Tetreault) mine at Notre-Dame des
Anges, Que.

Character of Material. The dump consists of table tailings produced
during the operation of the mine by Messrs. Tetreault Bros., and when
under lease to the Zine Co., Litd. The tailings are comparatively coarse
and contain very little slime. They have not been affected to any extent
by oxidation. :

Purpose of Tests. 'The sample of the dump was submitted with a
request that flotation tests be made to determine whether the zine and lead,
together with the small amounts of silver and gold present, could be econ-
omically recovered by this method of treatment. A flotation plant treat-
ing the run-of-mine ore is at present in operation at the mine and it was
thought that the old tailings might be treated in the same plant, either
mixed with the ore or treated in a separate unit which is already available.

* Test No. 1

This is a large-scale tonnage test. The tailings were fed to a 44-foot
Hardinge mill charged with 1,800 pounds of steel balls. A selective separa-
tion of the lead and zinc was attempted. The pulp from the mill was
delivered to an 8-cell Greenawalt mechanical agitation flotation machine.
A lead concentrate was taken from one cell and the concentrate from the
remaining cells was returned as a middling to the feed end of the machine.
The tailing from the lead cells was pumped to a Callow flat-bottom unit
consisting of two roughers operated in parallel and two cleaners in series.
The tailing from each cleéaner was combined and returned to the roughers.

Results: .

Amount of material Tun.....coeiiiii ittt i i 4,440 pounds
Total time of FUNNINE. .. vvvrvrrerirreerererssarreresssnsnsnans 4 hours
Average feed per hour...co vevvrnvnerannn. 1,110 pounds
Total Iead concentrate produced 116 “
Total zinc concentrate producede...iovvurvrrvrnvrerrernesnrees 500
Heads..oovoviiievianeenns Lead..... 0-67 per cent  Zine...,., 9-96 per cent
Lead concentrate (sample | “ ..... 15:84 ¢ R 11.72 «

whole run).....coeeunen Copper... 3:92 ¢ Silver.... 81:7 oz/ton

Gold..... 0-20 oz./ton

Zino concentrate (sample

wholerun)......couveu.. Zine...... 43-16 per cent  Lead..... 0-35 per cent
Zinc concentrate (sample

1to3 Yererereennans ‘o 4718« “: ..... 035 ¢

«

p.m,
Tailing (sample whole run) ““ ...... 035 “ L.
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Reagents:
Lead Flotation:
Sodaagh,....oceveeriiinnnnns et reeereaaraarens PN 3.5 1b./ton
Acid coal-tar creosote 0385 “

Sodium cyanide............... . 020 ¢
Cresylicacid............ veaeres 0-15 “
Zince Flotation:

Copper sulphate........ooens.s 1:5 “
Xanthate,.... reenees . 0-3 “
Pire oil.......... cerranes e esereseraetererrertatiine Ceeveearees 0018 ¢

Test No. 2

The same flow-sheet was used as in test No. 1, but particular atten-
tion was given to the operation of the lead cells in order to raise the grade
of the lead concentrate.

Results:

Amount of material run........ N veve.. 6,600 pounds
Total time of running, 5-58 hours
Average feed per hoUuT,.vvvvvuveneirnenrnenres eeresearereiriaees 1,182 pounds
Tota] lead concentrate produced .............. et seearierraereas 149 “
Total zine concentrate produced......... P N 1,031«
Heads..........co00vvnnn Lead..... 0-7 per cent ch veees 100 06 per, cent
Lead concentrate (sample “ ..... 15.3¢ « veees 10°2

10.50 —11.40 a.m,)..., Copper... 3.92 ¢
Lead concentrate (sample Lead..... 22.81 “ Zinc...... 10-41 ¢

11.40 —3.20 p.m.)..... Copper,,. 4-28 ¢
Zine concentrate (sample

10.50 —11.40am.)...., Zine...... 49.09 ¢ Lead..... 014
Tailing (sample 10-50

—11.40 a.m.).. ‘. 0-40 ¢ “ .. 006 ¢
Zinc concentrate (sample

11,40 —3.30 p.m.).. ‘o, 47.38 “ “ . 0044
Tailing (sample 11.40 a.m.

—3.30pM...cviiiinne.. il 0-48 “o 0-10 ¢

Reagents:

Lead Flotation:
e F T vevees 2:0 Ib./ton
ACid CORIEAT GTROBOTE. .. v v v sevunsssessrnnsnsnsnsrnins Ceres “
Sodium eyanide...ooervinriiiirreiiiiininireariienass e e 0-9 “
[07:00E 15 X 1oL £ N Ceeereareareaes 0-06 “
Cresylic 8Id. . . ovviirviiririnrereerenrnrroirasannes Ceererteeaeaas 0-6 “
Zinc Flotation:
Copper sulphate....... erereereraes e raeare et .. 18 “
Xanthate.......... e eeeerhraeabe e eeanes Ceveeareraraenes .. 020 ¢
Pineoil....v.vvvenniins e, et er e reree e .. 015 %

Test No. 3

In this test the lead was floated in the Callow unit and the zine in the
Greenawalt machine. The object of the change was to try and raise the
grade of the lead concentrate by the double cleaning action available in
the Callow unit. It was necessary to use the Dorr classifier in closed
circuit with the Hardinge mill in order to obtain an even distribution of
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the feed to the two Callow cells. In such a short test considerable fine
lead is trapped and held in the classifier circuit and there is not sufficient
time for the circuit to build up, hence the weight of the lead concentrate
will be less than in the preceding tests.

Results:
Amount of material run.........oiiiii i e +.. 6,640 pounds
Total time of rumning............. 5% hours
Average feed per hour............. 1,208 pounds
Weight of lead concentrate 137«
Weight of 2inc coneentrate......ovvveviviriiirniiviinieecreesies 744

B2 Y F Y O

Lead concentrate (sample 11 a.m.—2 P o.veerennerenens 15-03 7-67
Lead concentrate (sample 2 p.m.—3.30 p.m.)......... e 976 709
Zine concentrate (sample 11 am.—2p.m.)....cevvevvnnnnn 0-05 49-62
Tailing (sample 11 2.0 —2 D) oyt vriiirrereorrnennnnas 0-09 0-88
Zing concentrate (ssmple 2 pom.—3.30 pmL) .. ev it 0-15 46-83
Tailing (sample 2 pm.—3.30 pm.). v ovvviiiiinan.ns ceenee 0405 0-14
Reagents.

Lead Flotation:

Ib./ton
Soda ash....oooviiiiiiiiiiii i 2-8
Aocid coal-tar creosote. 0-45
Sodium ¢yanide...... 0-10
Cresylio acid. ...... 0-15
Zinc Flotation:
Copper sulphate.......covivvneennns Cereeervaes 1.5
Xanthate...ooveeriiennnen, Cevasanes Ceerriees [T 025
Pineoilisivivriirennnnenss 0-04

SUMMARY AND CONCLUSIONS

The zinc can readily be recovered from the dump tailings by flotation.
There was some difficulty at times in maintaining a froth which could be
brought over the sides of the cells, but as a rule this condition could be
adjusted by increasing the quantity of pine oil.

It is possible to obtain a lead concentrate containing over 30 ounces
silver and 3 to 4 per cent copper, but low in lead, the best grade made
was 22-8 per cent. A quantity of gangue floated with the lead and pre-
vented a higher grade concentrate being obtained. It is possible that on
a larger tonnage basis the concentrate can be held back in the cleaner cells
and a better cleaning action obtained, theveby producing a higher grade
concentrate.
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Report No. 246

THE FINE GRINDING OF CALCITE CONTAINING A SMALL AMOUNT
. OF GRAPHITE, FROM NEAR PERTH, ONT.

R. K. Carnochan

Shipment. Four shipments of calcite were sent in by M. Day Bald-
win, of the Continental Industrial Minerals, Ltd., 719 Pine Avenue W.,
Montreal, from a property near Perth, Ont. The dates upon which these
shipments were received, the number of bags in each, and the shipping
weights, were as follows:

August 5, 1925, (35 DAER) . ..ottt e, 7,080 pounds
October B, 1025, . ettt et ir s aeneneannas 1 poun

October 12,1925, (2bags)...........ovevvvnen. 420 pounds
October 23, 1925, (18 bags)

2,050 pounds

Purpose of Tests. Fine grinding tests were desired on the calcite to
determine if products could be prepared from it suitable for use in making
paint, linoleum, rubber goods, ete.

Characteristics of the Calcite. 'The calcite was pure white and
crystalline, and contained a small amount of graphite. The graphite was
in small flakes.

Sampling and Analysis. A head sample was taken of the lot received
on August 5. This sample upon analysis gave the following:

Cal..coovvviinninnnnnnnns 50+55 per cent Fe.............. 0-16 per cent
MgO..ooovvvvvininninnnnn. 168 CaFa........... 095 ¢
SiO02.eeviiivniniinnnenns 2.80 ¢ AlOs........... trace
O 035 Mn......oooenn nil

ExprriMENTAL TESTS

Grinding with Raymond Pulverizer and Gayco Separator. Twenty-
three bags of the shipment received August 5 were ground in a No. 0000
Raymond pulverizer. The ground product from the Raymond was separ-
ated in a 30-inch Gayco air separator; the fines being finished product and
the coarse being fed back as produced to the Raymond. This method
of grinding gave a product 99-9 per cent —200 mesh. This product was
slightly grey in colour and when mixed with linseed oil it became a dirty
greenish grey. The product is therefore unsuitable for use in paints or
linoleum.

Twelve bags of the lot received on August 5 were ground in a 44-foot
by 16-inch Hardinge ball mill to see what capacity this machine would have.
It was intended to feed the mill product to the Gayco air separator and
return the oversize of the separator to the mill. However, the mill dis-
charge was so off colour that this test was not completed.

Removal of Graphite by Screening and Grinding Calcite with Pebble
Mill and Gayco. A lot of 1,755 pounds of the shipment received on Octo-
ber 23 was crushed by passing it twice through a small jaw crusher and
four times through a small set of rolls, a 35-mesh screen being used to
remove the fines after each crushing.
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—36mesh, ISt PaSS..coeviu ittt it e 175 pounds
31T N 408
7 469 «
) 1 199 ¢
) 1 120 «
1 1 99 «

435mesh, Bt ¢ L e i i i e e e 27 ¢

The 35 mesh contained considerable graphite and —35 of the 1st
and 2nd passes contained graphite and were off colour. The —35
mesh of the 3rd, 4th, 5th, and 6th passes contained some graphite, but
were otherwise white in colour. The —35 of the 3rd, 4th, 5th, and 6th
passes were mixed and ground fine by means of a 4- by 6-foot pebble mill
and 30-inch Gayco air separator, the method used being to charge-grind in
the mill, and then separate in the Gayco, the oversize being charge-ground
again and separated, this being continued until the oversize from the
separator was a very small amount. The Gayco fines were 99.9 per cent
—200 mesh and were very white in colour; when mixed with linseed oil
they gave a light grey colour.

Removal of Graphite by Flotation and Grinding Calcite with Pebble
Mill and Gayco. The graphite was removed by oil flotation from a sample
weighing 840 pounds. This sample consisted of the —385 mesh, 1st and 2nd
passes, and the J-35 mesh, 6th pass of the previous test. After removal of
the graphite, the calcite was dried and ground fine by means of the 4 by
6-foot pebble mill and treated in a 80-inch Gayco air separator. The
method of grinding was the same as in the previous test.

The Gayco fines were 99-8 per cent —200 mesh and were very white in
colour; when mixed with linseed oil they gave a light fawn colour.

CONCLUSIONS

The best way to treat this calcite would be to remove the graphite by
oil flotation and then dry the cleaned caleite and grind in a pebble mill in
closed circuit with an air separator. This would give a large percentage of
the crude as very white, fine material.

If a finer product than that obtained by dry grinding is desired, the
calcite, after the removal of the graphite, could be ground wet in a pebble
mill in closed circuit with a Dorr bowl classifier. The ground pulp could
be thickened, filtered, and the filter cake dried and reground.

Report No. 247

THE CONCENTRATION OF A COMPLEX GOLD AND SILVER ORE FROM
ALBERNI, B.C.

:C. S. Parsons

Shipment. A shipment of ore, weighing 70 pounds, was received from
A. L. Smith, Alberni, B.C., on January 26, 1926.

Character and Analysis. The sample received was an oxidized ore
containing gold, silver, copper, lead and zinc.




Analysts:

092 per cent
6‘ 54 ‘“«
3-52 oz./ton

1-00 per cent
070 oz./ton

The sample contained both iron and arsenical pyrites. The sulphides
of iron had, in part, undergone oxidation and had been leached, leaving the
ore in a porous and weathered condition. A part of the copper sulphide had
been altered to carbonates. The oxidized condition of the sample indicated
that the gold, on account of its insolubility had been concentrated in this
weathered material.

Purpose of Experimental Tests. The following experimental work was
undertaken in order to find a method of concentrating the ore.

ExpPERIMENTAL TESTS

Test No. 1

This test was run with the idea of making a selective flotation
separation between the copper, lead, and zine, the copper and lead being
floated in one concentrate and the zinc in another. The ore was ground
with the following reagents to pass approximately 48 mesh:

L Tos FC T T 10-0 Ib./ton
Thioearbanilide. ... cieiireiaiiriieerneeriereriinirsssaisernns 02
Sodium eyanide. . .uvee st et eeniriri i iic e iiirreriraneeiesas 02

The flotation of a lead-copper concentrate was not successful, the zine
tending to float in large amounts. The soluble sulphates in the ore, owing
to its oxidized condition, destroyed the cyanide and prevented its having
a deadening effect on the flotation of the zinc sulphides.

Test No. 2

This test was run to produce a bulk concentrate of the copper, lead,
and zine. The ore was ground to approximately 48 mesh, and the follow-
ing reagents used for flotation:

S oTe F - V<) cevees 12-0 1b./ton
B 73 I D 0:08 “
These were ground with the ore, and the following added directly to the
flotation cell:

) 1 170 7 e 0-3 Ib./ton
CopPeEr SUIPMALE. v vv v vt eeersnorerssseenreeseeessaessoncenanncs 1.0 “
Sufficient pine oil to froth.

The flotation concentrate was cleaned and the middling and tailing
combined and tabled.

Test No. 3

This test was also ruﬁ to produce a bulk concentrate, but under
different conditions to test No. 2. The object in this test was to determine

51604—3%
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the effect of using lime in place of soda ash on the silver and gold values.
The ore was ground to approximately 48 mesh, and the following reagents
used:

Lime (ground with 0re).......couviiiiiiiiiiiiiiiiiiiiinrrnerens 10+0 1b./ton
Xanthate (added t0 Col1).uuuvvriuivererernresssseneoceronerasneenn 03
Copper SUIDhALE. o ve vttt et i eeaa, 1.0 ¢

Sufficient pine oil to froth.

The flotation concentrate was cleaned and the middling and tailing
combined and tabled.

Results:
Assays Per cent of values
Test Weight,
No. Product per cent| Cu | Pb | Zn Au | Ag culen | z Au | Ag
per | per | per u n u
cont | cont | cent oz/tonjoz/ton
1 |Concentrate... . 18.5| 4-24 5-15| 33-54| 3-32| 18-40| 85-0f 98-5 94-7| 73-7| 838-8
Tailing....ovvuvenns 81:5| 0-16| 0-02| 0-42[ 0-27[ 0-71] 15-0f 15| 5-3| 26-3| 14.7
2 (Tlotation concen-
trate.......... 14-4f 3.99] 5-05| 39-11f 1-64] 16-84| 65-6| 88-0| 86-9( 35-0 65-7
Table concentrate.. . 5.1 0.70] 0-75| 1-40, &-16] &5-50( 4-1( 3.8 1.1 88-7] 7.6
Table tailing........ 80.5| 0-33] 0-10] 0:96] 0-22] 1.22| 30-3| 8-2| 12.0] 26-3| 26-7
3 {Flotation concen-
13177 13-7| 5-14] 7.12| 41-90| 4-064| 23-36| 73-8| 96-3| 80-4| 83-9| 77.5
Table concentrate. .. 6-2( 0.56( 0-50{ 3-48 3.79[ 4-01f 3.6 3-0[ 3:0] 448 6-0
Table tailing........ 80-1| 0-27] 0-06] 1-48/ 0-14 0.35 22:6| 0-7| 16-6| 21-3| 165

SUMMARY AND CONCLUSIONS

The oxidized condition of the sample makes it practically impossible
to effect a selective separation by flotation between the copper, lead, and
zine. If there is a large tonnage of this type of ore to be treated and a
greater profit can be obtained by marketing a copper-lead concentrate and
a zinc concentrate separately, it is possible that the bulk concentrate can be
re-treated and a selective separation effected between these minerals by
flotation in a separate unit. Such a separation remains to be worked out
and it will be necessary to conduct some experimental work on a larger
gcale than used for these tests.

In cleaning the first flotation concentrate to raise the zine content to a
marketable grade, considerable gold is dropped. By the use of tables the
greater part of this gold can be recovered in a concentrate of small bulk and
high grade. This is shown clearly in tests Nos, 2 and 3.

The recoveries of gold and silver are not high, but, considering the
oxidized condition of the ore, they can be considered as fairly satisfactory.
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Report No. 248

THE RE-CONCENTRATION OF LOW-GRADE GRAPHITE CONCENTRATES
FROM BUCKINGHAM, QUEBEC

R. K, Carnochan

Shipments. The Crucible Graphite Company, Limited, Buckingham,
Que., sent in two shipments. The first was received March 19, 1926, and
cons1sted of ten bags, shipping weight, 1,000 pounds; five of these bags were
marked ‘PX’ and five ‘P12’ The second shipment was received May 6,
1926, and consisted of twenty bags marked ‘PX’, shipping weight, 2,000
pounds.

Purpose of Tests. The purpose of the test work was to determine an
economical method of raising the grade of the concentrates so that they
could be marketed more profitably.

Characteristics of the Low-grade Concentrates. The concentrates were
produced in the mill of the Crucible Graphite Company. PX is the fines
obtained when the dried flotation concentrate is screened on 150 mesh, and
P12 the fines produced in bringing up the grade of the No. 2 flake by means
of burr mill and screen. Both samples appeared to carry a lot of gangue
and were very gritty when smoothed under a spatula. A grab sample of
PX was 85.6 per cent —200 mesh, and, of P12, 86-8 per cent —200 mesh.

Sampling and Analysis. A sample was not taken of either of the full
lots, but grab samples and samples of the feed to different tests were taken
with the following results:

Lot PX
(€551 03 114 o) TR A 29-02 per cent C
One bag, feed to testa Nog. 1,2, and 4................... 29-60 C
1,200 pounds, feed to test No. 5...covvveverevvnvienennnns 19-83 ¢ C
Lot P12
Grab 88MDIe. . v vv i vrsriireierenir e eriieaiearieeans 45-86 per cent C
One bag, feed t0 test NO. 5...vvvvvvvnevrierrnninieennns. 29-52  “ C

It will be seen from the above that the graphite content of these
concentrates varies from bag to bag.

Tests witH Gavco AIR SEPARATOR

These tests were made to see what effect a Gayco _separator would
have in bringing up the grade of the concentrates and in removing grit
and sand. A 30-inch machine was used in all tests.

Lot P12, Test No. 1. About 100 pounds were put through the Gayco
the speed of the machine being 687 r.p.m.

Fines obtained.....,.. 54 pounds 40 98 per cent C 92 6 per, cent —200 mesh
Oversize.............. -30 C 67-8 —200 mesh
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Lot P12, Test No. 4. Another test similar to test No. 1 was made,
the speed of the Gayco being 624 r.p.m.; the fines were re-run twice.
Feed 90 pounds.

Tines obtained.......... 491 pounda 39-28 per cent C 96-0 per cent —200 mesh
Oversize obtained .37 « 37:90 “« G 81.8 « «
Fines, 1st re-run.. 158« 36:30 “ G 932 “
Oversize, 18t re-run. 21 “ 3500 “ C  81.2 « “
Fines, 2nd re-run. 6 “ 36-00 “ G 88 “
Oversize, 2nd re-run 143 0« 38:30 “ C 612 “
Clean-up............ 2 “

Lot PX, Test No. 1. A test using the 30-inch Gayco was made on
lot PX, the speed of the separator being 624 r.p.m.; the fines re-run
twice.

. 88% pounds 2960 per cent 83.6 per cent —200 mesh
39 « 3520 94.6 “

46 «“ 22-74 ¢ 73.2 “ @

C

Fines obtained., .. 8
13 « 30:36 ¢ C 838 « «“

C

C

C

Oversize obtained
Fines, 1st re-run....

Oversize, 1st re-run...... 32 “ 22:82 ¢ 688 ¢« “

Fines, 2nd re-run... 6 « 26.48 ¢ 80.2 ¢ “
Oversize, 2nd re-run..... 25 “ 19:30 ¢ 66:6 ¢ “
Clean-up.......oovuveuss 1B«

SUMMARY OF GAYCO TESTS

The three tests made demonstrate that the Gayco separator raised
the grade slightly, and produced a finer product. Under a spatula, it was
found that the fines of the first pass contained very little grit; the fines
of the re-runs, a fair amount; and the oversize products, considerably
more. The appearances of the products are all about the same. The
fines are not very black in colour, and hence appear to carry consider-
able impurities.

CONCLUSIONS FROM GAYCO TESTS

The Gayco, or any similar separator, would be an unsuitable machine
to raise the grade of these concentrates.

SmarL-Scarte Frorarion TEsTs

Lot P12, Test No. 8. A sample of 100 grammes of P12 was ground
for 15 minutes with steel balls in a small porcelain jar with 0.25 c.c. coal
oil and 0-1 c.c. pine oil. The ground charge was then floated in a small
Ruth machine, the concentrates being cleaned.

Results
Product Woeight, Carbon, Carbon, Per cent
grms. | per cent grms, of values
Concentrate...c.ovevviiinnn. Cereeaeans . 42-0 85-64 35.97 95-14
Middling. .. 6.0 17.21 1.03 272
Tailing . . . 514 1.57 0-81 2.14
Feed... R 99-4 38-04 37-81 100-00
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Lot P12, Test No. 6. A sample of 100 grammes of P12 was ground
for one minute with pebbles in a small porcelain jar mill with 0-25 c.c.
coal oil and 0-1 c.c. pine oil. The ground charge was floated in a small
Ruth machine, the concentrates being cleaned.

Results
Product Weight, Carbon, Carbon, Per cent
grms, per cent grms, of values
40-9 80-37 32-87 83-79
10-0 31-956 3:19 8:13
48:0 6-60 3:17 8:08
98-9 39-67 39:23 100-00

Lot PX, Test No. 2. A sample of 100 grammes of PX was ground
for 15 minutes with steel balls in a small porcelain jar with 0-25 c.c.
coal oil and 0.1 c.c. pine 0il. The ground charge was floated in a small
Ruth machine, the concentrates being cleaned.

Results
Product Weight, Carbon, Carbon, Per cent
grms per cent grma. of values
Coneentrat. ..ovsveerrreisiarrierionisnsnnss 28-9 86-02 24-86 8526
Middlng....ooivvnernieienneiniiirneniiesnnns 74 49-86 3.60 12-66
Tailing. e vveeivriiiraarininsearreesssaisnsnnss 64-4 0-95 061 2:09
LY 100-7 28-96 29-16 100-00

A screen test-on the concentrate shows it to be 95.42 per cent —200 mesh.

Lot PX, Test No. 4. A sample of 100 grammes of PX was ground
for one minute with pebbles in a small poreelain jar mill with 0.25 ec.c.
coal oil and 0-1 c.c. pine oil. The ground charge was floated in a small
Ruth machine, the concentrates being cleaned.

Results
Product Weight, Carbon, Carbon, Per cent
grms. per cent grms. of values
Concentrate. .o.oeeineeaas Sasessecasssssrsstas 32:4 68-18 22-09 80-68
Middlng. .. oveverneerurereaeirireransenassaes 11-2 11-81 1.32 4.82
TalHDZ, vv st vt eiiereiinronaersreronsrnonras 54-3 7-32 397 14-50
Feed. . vieuiiiieiiernnneseneranoesonenanarens 97.9 27-97 2738 100-00

SUMMARY OF SMALL-SCALE FLOTATION TESTS

These tests show that excellent results can be obtained by flotation,
and that the longer the charge is ground before flotation the higher the
grade of concentrate and the greater the recovery.
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MgepruM-scaLE Froration Tests

Lot P12, Test No. 5. This test was made on a small, continuous
unit consisting of feeder, ball mill, rougher and cleaner cells. This unit
was manufactured by the General Engineering Company, and as sup-
plied to us had a feeder, ball mill, classifier, and rougher cell. For this test
work the classifier was not used, and an extra cell for cleaning was added.
Both cells are of the Callow type. This test was divided into two parts;
the feed in the first part being 16 pounds per hour, and in the second
part 73 pounds per hour. Small amounts of coal o1l and pine oil were
fed during both parts of the test, the coal oil to the ball mill and the
pine oil to the rougher cell.

Results of First Part

Product Weight, Carbon, Carbon, Per cent

1b. per cent 1b. of values
Concentrats. .uvivviverririirnrisrieasiiisrnens 4.5 59:70 269 8677
Tailing. o v iieeiiiverienseisnarenssniecisensnas 4.5 905 0.41 1323
=TT N 9.0 34-44 3:10 10000

Results of Second Part

Coneentratt. . voseierueeeirvertenseesiiinnens 45-0 47-28 21.28 94.91
B 1 31-5 361 1.14 5-00
T N 76+5 2931 2242 100-00

Lot PX, Test No. 8. 'This test was conducted in a similar manner
to tlile second part of test No. 5 on P12. The rate of feed was 16 pounds
per hour.

Results
Product Weight, Carbon, Carbon, Per cent
1b. per cent Ib. | of values
(0703110153110 71 7. S 37-5 56+80 21:30 97.35
TRIlIng. et trievrietrerraetseennesrocannns 430 1-36 0+58 2:65
T F O 80:5 2718 21.88 100-00

SUMMARY OF MEDIUM-SCALE TESTS

These two medium-scale tests give lower grade concentrates than
any of the small-scale tests. 'This was due to the small size of the mill;
the feed passed through the mill without being ground at all and, judg-
ing by the appearance of the mill discharge, without being thomughly
mixed. For this reason these tests are not to be considered as giving
accurate results. However, they do show that without grinding and
with poor mixing a fair concentrate and recovery can be made by flota-
tion on both P12 and PX. These medium-scale tests indicate that the
pneumatic type of flotation machine can be used for this material as
well as the mechanical type.
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Laree-ScaLe Froration Tusts

Lot PX, Test No. 5. In this test, 150 pounds per hour of PX were fed
to a 44-foot by 16-inch Hardinge mill, with 450 pounds of water per
hour and a small amount of coal oil. This gives a ratio of three of water
to one of solids. The mill carried a ball load of 4,500 pounds. The ground
mill discharge was pumped to an 8-cell Greenawalt flotation unit, each cell
being 12 inches by 12 inches. Extra water was added at the pump at the
rate of 1,085 pounds per hour, giving a dilution of 10-25:1 in the first
flotation cell. A little pine oil was added to the feed of the first cell. The
froth from the last six cells was returned to the feed of the first cell. The

. concentrate was re-run twice through the Greenawalt to clean it. A little
pine oil was used during each run to give a froth.

Results

Product - Weight, Carbon, Carbon, Per cent

1b. per cent 1b. of values
Coneentrate.......oouvivnnvierrirsiieennannss 2080 81-14 168-77 88:77
1st tailing.... .. 752:5 0-856 6-40 3:37
2nd tailing. .. 29-0 20-43 5-92 3-11
3rd tailing... 200 45-20 9-04 4.75
T 1,009:5 18:82 190-13 100-00

The following table shows the recovery and grade of concentrate
obtained in the above test after each pass through the Greenawalt:

Product Carbon, Per cent

per cent of values
st concentrate obtained...........couiiiiii e 71:49 96-63
2nd “ e s e ittt e e et 77.99 9352
8rd “ N 81-14 88.77

Screen tests show the third concentrate to be 85.6 per cent —200 mesh,
and the first tailing 99-60 per cent —200 mesh.

Lot PX, Test No. 6. A lot of 400 pounds of PX was ground for two
hours in a 44-foot by 16-inch Hardinge mill with 285 pounds of water and
4,000 pounds of balls. The ground charge was flushed from the mill with
960 pounds water per hour to a pump where 1,125 pounds of water per
hour were added. The pump elevated the diluted mill discharge to the
Greenawalt machine. The pulp was in the Greenawalt, a small amount of
pine oil being added to the feed. The froth from the last six cells was
returned to the feed of the first cell. The running time was three hours.
This gives a calculated dilution of 15.5:1 in the feed to the first cell. The
concentrate obtained was re-run twice through the same flotation machine
to clean it, a little pine oil being used during each run.
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Results

Product Weight, Carbon, Carbon, Per cent

Ib. per cent b, of values
(61031757115 ;3 7 AN 59-0 0-80 47-67 77-40
1st tailing..... 309-5 2-51 777 12-64
2nd tailing.... 17-5 9-95 1.74 |- 2-83
Brd tailing, ..o i e e 14-0 30-42 4.28 6-93
T A 400-0 15-36 61.44 100-00

The following table shows the recovery and grade of concentrate after
each pass through the Greenawalt:

Produet Carbon, Per cent

per cent of values
18t concentrate obtained..oviueeiieiiiieiiiiiiiiiiiiiiiiii i 59430 8736
2nd “ P 71.14 84.53
3rd “ ettt et s rar e e s eaaes 80-80 7760

Screen test shows the third concentrate to be 93.1 per cent —200 mesh,
and the first tailing to be 98.9 per cent —200 mesh.

SUMMARY OF LARGE-SCALRE TESTS

Both these tests show excellent results and prove that lot PX can be
treated on a large scale by flotation. Continuous grinding gave the best
results, but this may have been due to the fact that no coal oil was used
in the charge grinding. In theory, charge grinding on this kind of material
should give equal or better results than continuous grinding, other con-
ditions being the same. The more the ground graphite is floated, the higher
the grade of the resulting concentrate and the lower the recovery.

RECOMMENDATIONS

It is advised that the Crucible Graphite Company install a fine wet
sereen, 80, 100, or 150 mesh, to treat their flotation concentrates, the plus
going to the drier and then to the refinery, and the minus to a thickener
and then to a continuous ball mill. The discharge of the mill would be
floated, the tailing going to the dump, and the concentrate to a drier. The
P12 from the refinery would be fed to the ball mill and thus ground and
floated with the fines from the screen.

No recommendation is made as to the fineness of grinding, or the
amount of floating to be done, as this would depend on what grade of con-
centrate could be readily sold.
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Report No. 249

CONCENTRATION OF THE ZINC AND COPPER-ZINC ORES OF THE
ALDERSON AND MACKAY MINE, ROUYN, QUEBEC

J. S. Godard

Shipment. A shipment of 140 pounds, consisting of two types of ore,
was received April 8, 1926. The ores were from the Alderson and Mae-
Kay mine, Rouyn, Que., and were submitted by Messrs. Alderson and
MacKay, New Birks Building, Montreal.

Characteristics of the Ores. Type No. 1 is known as disseminated
zine ore and consists of zine blende in a siliceous gangue. Type No. 2 is
designated as heavy sulphide ore and consists of chaleopyrite, zine blende,
pyrrhotite and pyrite in a siliceous gangue. A small quantity of galens is
present, showing only traces of lead in the analysis. Small amounts of gold
and silver are also present, mainly associated with the chalcopyrite.

Purpose of Experimental Tests. The purpose of the tests was to con-
centrate the zine blende in the disseminated zine ore, and to separate and
concentrate the chalcopyrite and zine blende in the heavy sulphide ore.

DisseMINATED ZiNc ORE

The entire lot of 45 pounds was crushed to # inch and cut once;
crushed to 14 mesh and cut three times; crushed to 50 mesh and cut twice,
then reduced to —150 mesh before cutting the head samples. The analysis
was:

LY O P Nil
1073 11 N “

203 L N “
8775 O 0-04 oz./ton
/5 LT 13-00 per cent
5 VN 3.28 ¢
51710 71.95  «

Test No. 1

Flotation at 100 Mesh

Assay, | Percent
Zn

Product Weight, of values Reagents Amount, Added to
per cent | per cent Zn 1b./ton
Zinc_concentrate 26+8 46-13 92-5 |Soda ash......... 4.0 |Ball mill.
Middling........ 89 5-47 3-8 |Copper sulphate... 1.0 |Flotation cell
Tailing.......... 653 0-70 3-6 |Xanthate......... 0-4 “ “
Pine oil No. 5..... 0-08 “ “
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Test No. 2
Flotation at 150 Mesh

Assay, | Per cent
Product Weight, Zn of values Reagents Amount, Added to
per cent | per cent Zn 1b./ton
Zine concentrate 23-2 48-92 89-8 |Sodaash.......... 5:0 |Ball mill
Middling........ 1.1 8-90 7-8 |Barrett's No. 634. 0-4 “«
Tailing.......... 657 0-46 24 [TT.viiiiiiinnn 02 «“
Copper sulphate... 2:0 |TFlotation cell
Pineoil........... 0-12 « «
Xanthate......... 0:05 “ “

No additional reagents were added in either test to
concentrate.

Hpavy Surpuipe ORE

clean the zine

The entire lot of 95 pounds was crushed to % inch and cut twice;
crushed to —50 mesh and cut twice; crushed to —150 mesh and head

sample cut out. The analysis was:

Lead,....ocvvvveviiinninnns e e PR trace
Copper....ovee.n.. e s I [N 7-36 per cent
Gold..... s e, e, e irrenenas eveee 003 oz./ton
SR e ee e ee e . 245 K
ZinG..vvivinn. e e e e 653 per cent
Iron............ B, e e, .. 3548 ¢
Insol..vveverinn.n. PN MRS 111 “

A number of selective flotation tests were made on this
of which are tabulated below:—

ore, the results

Assays Per cent of values
’II:?St Product Weight.t, o 7 . a
o. per cen u n u z
per centjper cent| oz./ton | 0z./ton Cu | Zn | Au | Ag

1 |Cu concentrate.,.... 256 | 2616 3-01 0-08 8.12193-3 | 11:3 | 74-5 | 83:5
Zn o 232 1.47 | 25-64 0-03 101 | 4.7 1872254 9.4
Tailing...oovvunnen. 51-2 0-28 0-21 tr 0-35| 2.0} 1:51}...... 71
2 |Cu concentrate...... 30-0 | 23-08 4.58 0-08 7-60 [ 956 | 20-9 | 80-0 | 89.0
. “ N 20-0 1.01 | 2517 0-03 0-75 | 2:8]7665119:9 59,
Tailing..............| 500 0-23 0:34 tr 0:26 [ 16| 2-61...... 5.1
3 |Cu concentrate...... 25-1 1 206-04 363 0-08 7.94 | 91.4 | 13.7 | 50-0 [ 83-0
Zn o 15-3 2.80 | 34-88 0-02 1.34 ] 6.2 (806 75 85
Table ¢ ... 55 0-13 0-31 0-11 0:35¢f 01} 0-3]15-0 0.8
Tailing. ..ovovven.... 54.1 0:30 0-67 0-02 0-34| 2-3| 5-4]27'5 77
4 |Cuconcentrate...... 28:0 | 23-44 343 0-08 7-86 | 91-8 | 14-4 [ 72.7 | 85:2
“©o, 12.0 2-89 | 35-19 0:02 120 491632 78 5.6
Zn_middling ......... 19.8 0:73 6:95° 0-01 061 | 2:0|206]| 65 4.7
ailing...........utn 40-2 0-24 0-29 0-01 0291 1.3 1.8 13-0 4.5
5 [Cu concentrate...... 25:6{ 24-52 3-17 0-08 7-88 | 88-0 | 12.1 | 714 | 80-6
Zn I 24.3 2:-63 | 22-27 0:02 1-14 | 8.9 (80.5 | 171 111
Zn middling......... 17-0 0-03 2-08 tr 055 15| 5.31[...... 3.8
Tailing......ocovee 331 0-34 0:42 0-01 0-34! 1.61 2.1111:5 4.5
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Assays Per cent of values
'II:?st Product Weight, c p ry =
[} per cent 0 n u o
per cent| pchcent oz./ton | 0z./ton Cu | Zn | Au | Ag
6 Cu concentrate ...... 272 | 25-68 3-06 0-08 806 [ 97-0 | 13-0 | 66-1 | 86-8
...... 9-2 1-02 | 48.71 0-02 109 1-3]70-0) 54 3-9
Zn middling......... 6-0 0-66 7-92 0-06 094 | 0-6| 7-4(10-9 2-2
Tailing.............. 57:6 0-14 1-06 0-01 0-31 11| 9.6 17-6 71
7 Cu concentrate ...... 20-2 | 22.62 4.00 0-08 7-12 1 95-5 | 18-5 | 753 | 88-3
...... 8-5 1-60 | 46-03 0-02 1-12 ] 1-9)60.1{ 53 3-9
Zn middling......... 136 0-81 7-93 0:01 0-52 | 1-5|16:5| 4-4 29
Tailing.............. 477 0-17 0-67 0-01 0-26  1-1| 4.9 150 4.9
8 |Cu concentrate...... 28-0 | 23-74 3-68 0-08 7:04 1930|161 75:4| 76-0
n “o. 9.8 1.22 | 47-38 0-01 0.8t 1.7|72-9| 3-4 3-1
Zn middling......... 9-7 1.07 3:68 0-01 0.71 141 56 34 2-3
Tailing..... e 52+2 0-53 0-65 0-01 0-92( 39| 5-4[17.8| 18-6
9 Cu concentrate ...... 27-5 1 22-88 8:03 0.08 6-46 | 88-1 | 34-7 { 79-2 | 82-3
...... 9.3 2-87 | 38-01 0.-01 1.11 ( 3.7 [ 656 3-2 4.8
Zn middling......... 14.5 1.61 234 tr 0-61 | 33| 53]...... 4.1
Tailing.............. 487 0-72 057 0.-01 0-39 | 49| 4.4117.6 8.8
10 [Cu conccntrate ...... 29.0 | 21.73 4.05 0-08 6-06 | 86-7 | 17-9 | 823 | 80-0
Zn L 12-9 4.30 | 38.11 0:02 1.56 | 7.8|75:0| 9.2 9.2
Zn middling,,....... 12-2 1-49 2-49 0-02 0-67 | 25| 46 85 3.7
Tailing.............. 45.9 0-47 0-35 tr 0-34] 3.0 2:5§...... 7.1
11 Cu concentrate ...... 29-3 | 21.22 426 0-08 7-68 | 86-6 | 19-3 | 79-0 | 84:4
...... 11.4 3:56 | 40-79 0-01 1.371 656|719 3.8 5.9
Zn middling......... 7:9 233 3:68 tr 1027 2.6] 451...... 30
Tailing.............. 51.4 0-74 0-54 0-01 035 65:3( 4-3|17-2 6.7
12 Cu concentrate ...... 28-2 | 24.38 387 [evvnvaeferunnnns 95:6 1 148 |......]......
...... 10-7 1190 4841 f........[........f 1:817831......10......
Zn middling......... 11.1 0-90 3432 [vviiiii]ivniinns T4 570 .....]0enee
Tailing.............. 50+0 0-17 016 [boeeneui]oevenens 21 12(.....]......
13 Cu concentrate 32-1 | 21-80 3:32 Looiiiiloenninas 97.0 [ 16-2 [......1......
...... 16-2 0:55 1 81:62 |....vvuidevunnnn] 124777 |ovuiii]onnenn
Zn middling......... 18-6 0-39 1245 |..oooofoeennne, 10 41 ... ]oeenns
Tailing.........r. .. 33.1] 048] 039 |........]eeiiis. 08 20 [i.iiifieann.
Reagents Used:
Test Reagents Amount | Added at Remarks
No. Ib./ton
1 Soda ash,. e 5.0 |Ball mill.....|Ore ground to 100 mesh.
Thiocarbanilide, .. ..., 0-20 “ v
Sodium cyanide 0-40
Copper sulphate....... 200
Xanthate............. 0-40
Pine oil No. 5......... 0-10
2 |Cu Lime...... e 1.5 |[Ball mill......|Ore ground to 200 mesh.
Soda ash.,......... 2:0 “ ,....|Lime added full time contact.
Copper sulphate 0-20 (Cell..........|Soda ash one-third time contact.
Xanthate,........ 0-20 | «“ ......
Pine oil No, 5......... 0-081 “ ..........
Zn Sodium hydroxide, . 060 | “ ...uvu.en.
Copper sulphate....... 2:00 [ ¢ .. ...iuil.
Xanthate,........ 040 1 “ ..........
Pine 0il No. §......... 0080 “ ...,
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Test Reagents Amount | Added at Remarks
No. 1b./ton
3 |Cu Sodaash.............. Ore ground to 150 mesh.

Sodium cyanide.......
Thiocarbanilide.......
Water-gas ter.........
Cresylic acid..........
Zn Copper sulphate.......
Xanthate.....ooovuns.
Pine oil No. 5.........

Sodium cyanide.......
Pine oil No., 5.........
7Zn Copper sulphate.......
Xonthate..oooeeeuins
Pine oil No. 5.........

Cresylic acid
Pine oil No. 5.........
Zn Copper sulphate......
Xanthate...o.........
Pine oil No. 5.........

Cu Sodaash..............
Sodium cyanide.......
Thiocarbanilide.......
Cresylic acid..........

Zn Sodaash..............
Copper sulphate.......
Xanthate....,........
Pine oil No. 5.........

Cu Sodaash..............
Sodium cyanide.......
Thiocarbeanilide. ......
Cresylic acid..........

Zn Lime....ouievreinnnns

Xanthate.............
Pine oil No. 5.........

Cu Sodaash..............
Sodium cyanide.......
Thiocarbanilide.......
Cresylic acid
Copper sulphate.......

Zn Copper sulphate.......
Xanthate,............
Pine oil No. b.........

Cu Sodaash..............
Sodium cyanide.......
Barrett's No. 4.......
Cresylic acid. .........
Copper sulphate.......
Cresylic acid..........
Pine oil No. 5.........

Zn Copper sulphate.......
Barrett’s No. 634.....
Xanthate.............

Pine oil No. 5.........
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.

Cell.....omin,
Ball mill......

Ore ground t0f150 mesh. Lime added
full time contact. Other reagents
added to ball mill half time contact.
Densger pulp,than in previous tests.

Ore ground to 150"mesh. Lime¥full
time contact. Other reagents added
to ball mill half time contact. Pulp
density as in test No. 4.

Copper removed at 100fmesh, Tail-
ings dewatered and reground to 200
mesh before floating zine.

Copper removediat 100 mesh, Tailin
ewatered and reground to 200 mes!
before floating zinc.

Orelground to 150 mesh.

Ore ground to 150 mesh. Barrett's
No. 634 did not mix, xanthate was
added.

~
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Test
No.

Reagents

Armount
1b./ton

Added at

Remarks

10

1

Cu Soda ash..
Sodium cya.mde .......
Coal tar.......... 40%
Coal-tar creosote 60%,
Cresylic acid..........
Pine oil No. 5.........

Zn Copper sulphate.......
Xanthate.............
Pine oil No. 5.........

Cu Sodaash..............
Water-gas tar.,.......
Sodium cyanide.....,.
Cresylic acid..........
Pine oil No. 5.......,.

Zn Copper sulphate ..... ..

5.0
0-2
0-3
0-08
0 08

50

O
03
@

Ball mill......
[{}

Ore_ground to 6% --200 mesh.

Ore’ground to 2% --200 mesh.

Xanthate.. e
Pine oil No. 5..v00 ..

12 [Cu Soda asgh..
Sodium cyamde .......
Thiocarbanilide.......
Cresylic acid,........
Pine oil No. 5.........

Zn Copper sulphate.......
Xanthate........... .
Pine oil No. 5.........

13 [Cu Soda ash.. e
Sodium cyamde .......
Thiocarbanilide..,..,.
Cresylic acid..........
Pine oil No. 5.........

Zn Copper sulphate.......

nthate,............
Pine oil No. 5.........

@x®

Ore ground to 150 mesh.

NS SRSt w o
o “;oom A

CtOoOW-

..10re ground to 4-200 mesh.

ORI

CWUMOONWO Qoo S

-

CONCLUSIONS

1. Disseminated Zinc Ore. No difficulty was experienced in obtaining
a zinc concentrate containing more than 45 per cent zine with a recovery of
over 90 per cent, when the material was ground to —100 mesh.

2. Heavy Sulphide Ore. Excellent separation of the copper from the
zine was obtained in these tests on ore ground to —100 mesh. The copper
recoveries and the grade of the copper concentrate were both good, 95 per
cent of the copper was obtained in the concentrate containing about 24 per
cent copper and 3-5 per cent zinc.

The zine recoveries were good, 70 per cent of the zinc being recovered
in three tests, Nos. 6, 8, and 12, in concentrates assaying more than 45
per cent zine. Grinding to 150 mesh is necessary in order to make a good
separation of the zine from the pyrite and pyrrhotite.

Seventy-five per cent of the gold and eighty per cent of the silver were
recovered with the chalcopyrite. The gold in the copper concentrate
amounted to 0-08 ounce per ton in each test, and the silver in the same
product amounted to about 7 ounces per ton. Three and one-half to five
per cent additional gold and about the same quantity of silver were
recovered in the zine concentrate.
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In test No. 3 the tailing from the zinc cell was tabled. This operation
recovered an additional 15 per cent of the gold values. As only 50 per cent
of the gold present in the copper concentrate was recovered in this test, it
cannot be assumed that this recovery of gold could be obtained by table
concentration where 75 per cent of the gold reports with the copper con-’
centrate. Tabling would no doubt recover sufficient gold in a concentrate
of small bulk to pay for the operation and would be very valuable as an
indicator of the performance of the zine cells. Such a product could be
mixed with the copper concentrate.

Report No. 250
EXPERIMENTAL TESTS ON A GOLD ORE FROM THE GOLD HILL MINES,
BOSTON CREEK, ONT.
J. S. Godard °

Shipment. A shipment of ore consisting of five samples was received
from the Gold Hill Mines, Boston Creek, Ontario, July 7, 1926. The
samples and their weight were as follows:—

Sample: 00-Fb1evel,. ... ouer i
« A 500 ¢

Characteristics of the Ore. It was thought that the gold present in this
ore was a gold telluride, but the presence of tellurium was undetected by
microscopic examination and by a qualitative test on a 10-gramme sample.
Small amounts of lead and copper were present. The gangue was siliceous.

Purpose of Experimental Tests. The purpose of these tests was to
determine the oecurrence of the gold and an economic metallurgical treat-
ment.

Analysis. The analysis of the samples was as follows:

Sample: 400-ft level 2-54 oz./ton gold
« A 500 “ 0-11 «
« B 500 * 0-11 «
« A 600 “ 068 «
« B 600 “ 2-26 “«

For the purpose of the tests a sample was prepared consisting of the
400-foot level and the B 600-foot level samples. The combined sample
assayed 230 ounces gold per ton.

CyANIDATION TESTS

Details:
No. “gliiﬁlslf’ Mesh | Density | KCN Time Remarks
per cent hrs.
1....... 500 —100 1:2 0+20, 65 Ore dry crushed.
2iiinn. 500 —200 1:2 0-20 65 Ore wet crushed and dewatered.
eeennn 500 —200 13 0-15 65
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The cyanide tailing from test No. 1 was screened and the products

aggayed:
Mesh Weight, per cent Assay Per cent of values
Au, 0z./ton
+150 18-9 0-60 46-3
-+200 201 0-29 23-8
-200 61-0 0-12 29-9
Average tailing.... veee 0:25 vees
Results.
Reagents consumed,
Head Tailing | Extraction, 1b./ton
Test No. Au, oz./ton JAu, oz./ton| per cent
KCN | CaO
230 0-25 892 3:32 5.1
2-30 0-06 974 10-84 10-3
2-30 015 935 11.12 11-5

AMALGAMATION TrsTS

Two amalgamation tests were made on the combined sample. A
screen analysis was made on the tailing from each test.

Per cent
Test No. Mesh Weight, , Assay Values gold amal-
per cent |Au, oz./ton| per cent gamated
e 4100 2.9 0-49 4.0
-+150 6.7 0-51 9.7 84.7
4200 12.0 0-52 17:6
—200 78-4 0.31 68-7
Average tailing..............lieiieninie]iniiiniinnes [ %157 PR .
B i e +100} 1.4 1-64 6:3
-+150
-+200 4.4 0:73 8:5 84-2
—200 94.2 033 852
Average tailing. ..oovvvviiiiiiiiieiniideniiinns [ 115 P R .

FrorarioNn aNp CYANIDATION
Test No. 6—Concentration

Per cent of values
Product Weight, Au Cu
per cent oz./ton per cent Au ] Cu
Concentrate...... i 17-7 9.36 242 81-8 96-4
Tailing. ..ooovvvievervivnnnnnnans 82.3 045 0.02 18-2 3-6

51604—4




48

’tI“‘he tailing was ground to —200 mesh and cyanided, with the following
results:

Head, | Tailing, Reagents consumed
Pulp density KCN Au Au Extraction, Time
per cent | oz./ton | oz./ton per cent KCN I Ca0
1:2.0000000eet, 0-075 0-45 0-08 82:2 1.3 6-9 72 hrs.
Distribution of gold: In concentrate..........cvevviirveesenenenns 81-8 per cent
In cyanide solution.......ovvvevveiennnnans 4.9 «
In cyanide tailing.......covuviereviieinnns 3.3 «
ReCOVEIY . eitiirrenrennssnciosinnenssnes et et it et 96.7

Test No. 7—Concentration

Per cent of values
Product Weight, Au Cu
per cent oz./ton per cent Au Cu
Concentrate.. 20-6 7:76 2.16 78-2 94-9
Tailing. ..... 794 0-56 0-03 21-8 5.1

l’fhe tailing was ground to —200 mesh and cyanided, with the following
results: '

Reagents consumed
Pulp KCN Head Tailing | Extraction, Time
density per cent per cent KCN | Ca0
1:3 0:05 0-56 0-12 786 1.0 6:0 72 hrs,
Distribution of gold: In concentrate.......c.ovvviiiivirenesanns 78-2 per cent
In cyanide solution..............coivvunen 17.2  «
In cyanide tailing........oocoiviiiiiin 4.6
R OCOVET Y e vt taaenteeetenaaeaiesssnrnarsrsnetsenanssessinenes 95.4 ¢
SUMMARY

Cyanidation. Good extractions were obtained by cyanidation. These
are offset by high cyanide consumption, especially in the tests where the
ore is ground to —200 mesh, where over 10 pounds cyanide per ton were
used.

Amalgamation. Amalgamation results were satisfactory. Eighty-five
per cent of the gold is recovered by this method. This high recovery indi- -
cates that the gold is present in a free state and that not more than 15 per
cent of it could be as a telluride.
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Flotation and Cyanidation. This method of treatment was satisfactory.
The recoveries were over 95 per cent and the cyanide consumption was low
in both tests. The concentrate was of too low a grade to stand shipment,
but this could be remedied by cleaning.

CONCLUSIONS

From the above tests cyanidation of ore would not be practical because
of high cyanide consumption and fouling of the solution. Amalgamation
is satisfactory and should be inserted in the flow-sheet. Flotation and
cyanidation of the flotation tailing is satisfactory. The flotation removed
the cyanicides, probably copper, though undetermined. Amalgamation
followed by flotation and tabling the flotation tailing; amalgamation
followed by flotation; and amalgamation followed by flotation and cyani-
dation of flotation tailing are other possible flow-sheets for the treatment
of this ore. )

An insufficient sample made it impossible fo attempt tests based on
these lines.

Report No. 251

THE CONCENTRATION OF THE ZINC ORE FROM THE JOHN BULL AND
FLORENCE CLAIMS, POWELL RIVER SECTION, NANAIMO
MINING DIVISION, BRITISH COLUMBIA

C. S. Parsons

Shipment. A shipment of two bags of ore was received July 6, 1926,
from the Ladysmith Smelter Syndicate, Victoria, B.C. One bag contained
42 pounds of ore from the John Bull claim, and the other, 36 pounds from
the Florence claim. Both claims are situated in the Powell River section,
Nanaimo mining division, about 10 miles north of Powell River.

Characteristics of the Ore. The ore from both claims is similar, con-
taining zinc blende of the light resin-coloured variety, a small amount of
chalcopyrite, very little pyrite in a metamorphosed limestone gangue rock,
and only traces of gold and silver.

Analysis. Samples of the ores gave the following analyses:—

—_— John Bull Florence
/4 1T 2386 per cent 18-48 per cent
Lead.. ... covieii i trace nil
L0 T 007 ¢ 0-73
Gold.....oovi i trace trace
BILVET. vt vt e 0+26 oz./ton 0:24 oz./ton

Purpose of Experimental Work. Test work on both samples of ore was
requested to determine their amenability to concentration by gravity or
flotation methods.

51694—43
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ExPERIMENTAL TESTS

Both samples were crushed and sampled. The rejects from the
sampling, which were crushed to 14 mesh, were used in the following tests:

Results of Flotation Tests

Analysis Per cent of values
Test Weight,
Ore No. Product per cent{ Cu Zn
per centjper cent] Cu Zn
John Bull....... 1 |Zine concentrate......... veeee| 449 |l 53-8 99-0
Tailing. .. ooveveieennvenennins 55-1 [........ 036 |- 1.0
Tlorence........| 1 |Copper concentrate. 6:2 10-14 | 35-7 82-0 12.0
Zinc concentrate. .. 34-8 0-3 46-5 13+5 87-0
ailing. ... ..o 59-0 0-06 0-36 4-5 1.0
2 {Copper concentrate. 15 | 24-04| 160 | 508 1-4
Copper middling, 1.3 5-37| 8195 0.4 2:2
Zinc concentrate 35:0 0-60 | 48-84 | 28-2 093.7
Tailing. .....cooeviieiininan, 62-2 0-14 0-78 1 11.-6 2.6
3 [Copper concentrate 5-2 11.16 | 23.28 | 79.8 67
Zinc concentrate ..| 33:9 035 | 4898 16-1 01:6
Tailing. .ooovoeeviiiinininnn 60-9 0:05 0-51 4.1 1.7
4 [Copper concentrate 8-3 7-56 | 17.88 | 78.9 8.0
Zinc concentrate .| 34:2 039 | 4945 | 16.7 91.0
Tailing.....ocovvvevenineninn 57-5 006 0-33 4.4 1.0
5 |Copper concentrate 12:4 5221 89.91 1 855 26-8
Zinc concentrate .| 32:4 0221 4104 9.4 722
Tailing. ....oovvvvevirinnnnn. 55.2 0-07 0-33 5.1 1-0
6 |Copper concentrate............ 5.3 095 2045 { 670 6.5
Zinc concentrate 31-9 0-681 48-45| 28.8 92:0
ailling.......... 62-8 0-05 0-41 4.2 15
7 |Copper concentrate............ 5.5 8:86 | 15.93 [ 67-2 4.6
Zinc concentrate 37.7 0-57 | 47.21 | 29.7 04.3
Tailing,......... 56-8 0-04 0-36 31 1.1
8 |Copper concentrate 3-2 17-22 | 20-07 | 70-7 35
Zinc concentrate 31.5 0-56 | 54.68 [ 22-6 04-3
Tailing.......... 653 0-08 0-62 6.7 2.2
9 [Copper concentrate........... 2.8 17.30 | 18.72 | 65'9 2-1
Copper middling. 2:9 0-72 | 18-84 2.9 3-0
Zinc concentrate ..| 359 0-59 | 47.51 | 28-9 93-0
Tailing...... B N 584 0-03 0-61 23 1.9

Nore.—In test No. 9, the copper concentrates from four lots of 1,000 grammes each were com-
bined and reground to —200 mesh before cleaning.
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Reagents Used (Florence Ore)

rll\‘f:t Reagents Lb./ton Remarks
1 Soda ash 6-0 |30 minutes contact in ball mill,
0-2 |30 minutes contact in ball mill,
Thmcarbamhde 0-2  [30 minutes contact in ball mill.
Pine oil voor |To cells.
Copper sulphate 1.5 |To zine cells.
Xanthate................... 0-3 |To zinc cells.

2 |Sodaash.................... 6:0 {30 minutes contact in ball mill.
Cyanide........ovevvennnin.s 0-2 |30 minutes contact in ball mill,
Thiocarbanilide. 0-2 |30 minutes contact in ball mill,
Pine oil......... .... |To copper cells.

Copper sulphate. 1-5 |To zinc cells,
Xanthate. , 0-3 |To zinc cells.
Pineoil........ccooevvvunnn. .... |To zinc cells.

3 |Lime,....ovivvriiireinennes 3:0 (40 minutes contact in ball mill,
Cyanide,,........oouvivnnns 0-3  [20 minutes contact in ball mill,
Xeonthate........... vieeesns| 0415 |To copper cells (ore ground -+150),
Cresylic acid....... visvsees.| 0412 |To copper cells.

Copper sulphate..... Chrereas 2:0 |To zinc cells.
Xanthate.................0. 0:6 |To zine cells.
Pine oil No. 5............... 0:04 [To zinc cells,

4 JLime.....vvvveenenrniininns 4.0 |60 minutes contact in ball mill.
Cyanide.....c.oovvvivnenaes 0-25 |30 minutes contact in ball mill.
Xanthate........ocovevnnen 0-10 }To copper cell (ore ground 200 mesh).
Pine oil No.b..........0v0u 0:04 [To copper cell.

Copper sulphate............. 2:0 |To zinc cells.
Xanthate................... 0:60 |To zinc cells.
Pine oil No. 5............... 0:-04 [To zinc cells.

5 |Sodaash..............c.ouus 3-00 {60 minutes contact in ball mill,
Cyanide.......ovvvvvvennsnes 0-25 (30 minutes contact in ball mill,
Thiocarbanilide............. 0-1 {30 minutes contact in ball mill,
Cresylicacid................ 0-08 |To copper cell (ore ground 200 mesh),
Copper sulphate............. 2:0  |To zinc cells.
Xanthate............. RPN 0-5 |To zinc cells.

Pine oil No. 5........ e 0+04 |To zinc cells,

6 [Lime......ooovvvninvininin. 60 minutes contact in ball mill.
Cyanide. . . 30 minutes contact in ball mill.
Thiocarbanilide. 30 minutes contact in ball mill.
Pine oil No. 5... To copper cells (ore ground 200 mesh).
Copper sulphate. To zine cells.

Xanthate...... . To zine cells,
Pine oil No. 5.... To zinc cells.

7 JLAMe...ovviiviirirernrnnnns 60 minutes contact in ball mill.
Water-gastar............... 60 minutes contact in ball mill.
Zinc sulphate............... 60 minutes contact in ball mill.
Cyanide...........ocovvvvns. 60 minutes contact in ball mill.
Cresylicacid................ 60 minutes contact in ball mill,
Pine oil No. 5........c00ven To copper cells (ore ground 200 mesh).
Copper sulphate............. To zinc cells.
Xanthate..........c.covven. To zinc cells.

Pineoil No.5............... To zine cells.

8 L T . 30 minutes contact in ball mill.
Zinc sulphate............... 1-00 |30 minutes contact in ball mill.
Cyanide............ovvuenns 0-2 |30 minutes contact in ball mill.
Cresylicacid................ 0-08 130 minutes contact in ball mill,
Pine oil (Floto)............. 0:04 |To copper cells.
Xanthate.........oovvvviunn 0-10 |To copper cells.

Copper sulphate,............ 2:00 |To zinc cells,
Xanthate................... 0-60 |[To zinc cells.
Pine 0il N0, b........vveets 0-04 |To zinc cells. f\
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Reagents Used (Florence Ore)—Concluded

%\%ft Reagents Lb./ton Remarks
9 |Lime........covvvennn veeer.| 8:00 |45 minutes contact in ball mill,
Zine sulphate..........coovun 0-80 {45 minutes contact in ball mill,
Cyanide. ...... N ...| 0-20 [45 minutes contact in ball mill,
Cresylicacid..voviveronn. 0-08 |45 minutes contact in ball mill,
Water-gas tar............... 0-20 (45 minutes contact in ball mill.
Pine oil No. 5...........c.ts 0-04 |To copper cells (ore ground 150 mesh).
Copper sulphate.............| 2:00 [To zinc cells.
Xanthate........covveeeen..| 050 |To zine cells.
Pineoil No. 6....oovvvenen. 0-04 |To zinc cells.
31111 T 0-40 (20 minutes contact in ball mill.,
Cyanide....ooveveerievnenes 0-05 |20 minutes contact in ball mijll.
Thiocarbanilide............. 0-03 |20 minutes contact in ball mill,

Results of T'able Tests

John Bull Ore.

The ore was crushed and sized as follows for table

tests:
Weight Analysis,
Size Zn Remarks
Grms, | Per cent | per cent
501 11.9 25-07
1,880 37-9 24-64
811 16-3 2535
1,682 33-9 22-56 {This size not tabled.
4,964 100-0 24-12
Weight, | Analysis, | Per cent
Size Product per cent Zn of Zn
per cent | values
=144 20,000t Ceerreraenens Concentrate............. 50-3 3805 76+5
Middling........... 10-4 10-69 4.4
Tailing............. 39-3 12.22 19-1
=204 48, i ....|Concentrate........ 53-8 34:31 74.9
Middling........... 242 1678 16-4
Tailing....oouvenes 22-0 9-69 8.7
—484-1004. .0 v i e Concentrate........ 43-9 39+47 68-3
Middling........... e 22:5 21.10 18-8
Tailing...o.ooovveinnnnn 33:6 974 12.9

Florence Ore.

The ore was crushed to 14 mesh and sized as follows

for table tests:
Weight Analysis,
Size Zn Remarks

Grms. | Per cent | por cent
617 12-4 17-23
1,786 367 16-92
942 1849 19-40

1,645 33-0 20-29 'This size not tabled.
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Weight, { Analysis, | Per cent
Size Products per cent Zn of Zn
’ per cent | values

B ) Concentrate............. 87.8 18-62 94-8
Tailing....oovverveenens 12-2 7-29 52

ey | G Concentrate.,......veves 46-4 22-15 60-8
: Middling...oooovvevennn 37-2 13-92 306
Tailing......coovvuenen. 16-4 8.92 1.8:6

e o (1) N Concentrate............. 47.8 27-07 66-7
Middling.....ceevnvnnn.. 30-6 13-84 28-2

Tailing....oovvineneenss 12:6 7-81 5:1

SUMMARY AND CONCLUSIONS

John Bull Ore. It is evident from the results of the table test that
the ore cannot be concentrated by gravity methods, while on the other
hand the test conducted by flotation gives excellent results. The method
used was very simple. The ore was ground with cyanide and sodium
carbonate to produce an alkaline pulp, the cyanide being added to
depress the iron sulphides. Copper sulphate and xanthate were added to the
flotation cell together with a frothing oil. The grade of concentrate
and the recovery are both good.

Florence Ore. This ore contains copper, but the amount in the
sample is less than one per cent, so that the possibility of earning a profit
out of the copper content of the ore is not encouraging. A number of
selective flotation tests were made in order to determine this possibility.
In all the tests, with the exception of Nos. 2 and 9, the content of zinc
in the copper concentrate was higher than the copper. Test No. 9 is
the only one which is at all encouraging. To obtain this result it was
necessary to grind the primary copper concentrate and again subject it
to selective flotation. The possible profit, when smelter rates are con-
sidered, is so small and such a complicated procedure is required that
very careful consideration should be given to the matter before attempt-
ing such a separation. The production of a high-grade zinc concentrate
with an excellent recovery is a relatively simple matter and the amount
of copper which would be present in such a concentrate would not affect
its market value.

Report No. 252
EXPERIMENTAL TESTS ON LONG LAKE ARSENICAL-GOLD TAILINGS
J. 8. Godard

Shipment. One shipment consisting of twenty-three samples, gross
weight, 200 pounds, was received July 17, 1926. Leo H. Timmins, of
Alderson and MacKay, was the shipper.

Characteristics of the Tailings. The tailings were those from an
old cyanide plant operated from 1912 to 1915 by the Canadian Explora-
tion Company. It is reported that the head sample at the time of opera-
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tion was about 0.36 ounce gold per ton, and a tailing of 0.07 to 0.08
ounce per ton was discharged. The ore was crushed in stamps and tube
mills to about 150 mesh. The tailings as represented by the composite
sample approximated 65 mesh. The sulphide minerals are pyrite and
arsenopyrite, with which the gold is associated. The sulphides are
partly oxidized and evidently the tailings have become concentrated,
as the composite sample assayed 0.20 ounce per ton.

Sampling and Analysis. A composite sample of the twenty-three
samples was made by cutting a proportionate cut from each one at
—65 mesh. It was sampled in duplicate.

Analysis:

_— Sample No.1 | Sample No. 2
1T e 0-21 oz./ton 0-20 oz./ton
Silver 008 “ 0-05 «
Arsenio 1-88 per cent 209 per cent

Purpose of Tests. The purpose of these tests was to ascertain if
the gold could be profitably extracted from these tailings by regrinding
and cyanidation, or by concentration of the sulphides and re-treatment
of the concentrates.

Cyanipe Tests
Tests Nos. 1 and 2—Details:

Test Dilution | XCN | Time of Crushing
per cent | agitation

1. 1:3 0-075 48 hrs, | —65 mesh.
2.. 1:3 0050 48 “ [Crushed wet —200 mesh.
Results
Ixtrac- | Reagents consumed
Test Head Tails tion, -
per cent | KCN I Ca0
L i e et i a e 0:20 0-098 51 3:76 37-40
2 0-20 0-09 55 2:85 25-90
Tails from Test No. 1 were screened and assayed:
Mesh Weight, Assay Per cent
per cent, oz./ton of values
B T 15+7 0-10 15.9
B 0 27-8 0-09 255
+200..000000iiinnn . . eraerrreanns 17.0 | 0-06 10-4
=200, 00 ininenins Srees Cereenes et reene ey 39-5 0-12 48.2
Average tailing.vviveveriininiiann. e 0-098
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Tests Nos. 8, 4, 6, and 6—Details:

Test Dilution XCN, Time of Crushing
per cent agitation

N 1:2 0-05 48 hrs, |—65 mesh dry.
deviriiiiiiiiiiiinin, 1:2 0:10 48 ¢ “«

Bovvrniiiiiiiiii 1:2 0-05 48 « —65 mesh water washed and fil-
Burriiiiiiii i 1:2 0-10 48 « tered,

Results (2nd. Composite Head Sample) :

Ixtrac- Reagents consumed
Test Head Tails tion,
per cent KCN Ca0
0-25 0:093 62-8 15 330
0-25 0:055 78:0 2-7 33-0
0:25 0-100 60:0 1-25 18-2
025 0-076 69:6 2:2 18-4
Screen test on Cyanide Tailings:
Test Weight, | Assay | Per cent Remarks
Mesh per cent of values
..................... 4100 20-2 0-07 15:2
+150 15-5 0:08 13-4
+-200 225 0.07 171
—200 41-8 0-12 543 |Average tailing 0-093 oz./ton.
..................... +-100 214 0:-04 15:4
4150 14-0 0:04 10-1
+-200 20-3 0-05 18-4
—200 44.3 0-07 56:1 |Average tailing 0-055 oz./ton.
L . +100 15-9 0-08 12:6
+150 13.5 0-08 10:7
+200 36:6 0-08 29-2
-~200 34.0 0-14 47.5 |Average tailing 0-10 oz./ton.
..................... +100 21:2 0-09 239
+150 17.8 0-06 141
+200 17.7 0-07 16-4
—~200 433 0-08 45.0 {Average tailing 0-076 oz./ton.

Tests Nos. 7, 8, 9 and 10

No, 7—Tailings, 750 grms. at —65 mesh, ground 3 hours in a pebble mill using 1 : 1 pulp,
0-025 per cent KCN sgolution and lime 25 1b./ton, Cyanided 48 hours 1:2 pulp
uging 0-05 per cent KCN.

No. 8—Tailings, 600 grms, at —65 mesh, ground 3 hours in a pebble mill using 1:1-5 pulp,
0-025 per cent KXCN solution and lime 25 1b./ton, Cyanided 48 hours, 1: 3 pulp,
0-05 per cent KCN.,

No, 9—Tailings, 600 grms, at —65 mesh, ground 3 hours in pebble mill, 1 :1-15 pulp with
lime 10 lb,/ton. Cyanided 48 hours 1 : 3 pulp, 0-075 per cent KCN,

No, 10—Tailings, 600 grms, at —65 mesh, ground 3 hours in 1 :1:5 ;I)\}xlp, then dewatered and
filtered, Cyanided 48 hours, 1 :3 pulp, 0-075 per cent KCN,
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Results, Head Sample 0-25 oz./ton.

Extrac- Reagents consumed
Test Tailing tion,
per cent KCN Ca0
0-04 84.0 2:5 41.5
0-02 92-0 3-0 48.3
0-02 92-0 3-4 321
0-03 880 21 26-5

CONCLUSIONS

Tests Nos. 1-6 inclusive showed poor extractions by cyanidation.
The tailings were high in all the sizes. The cyanide consumption was
moderately high, the lime consumption very high. Water washing reduced
the cyanide consumption and cut the lime consumption by 45 per cent.
In tests Nos. 7-10 inclusive, where the tailings were very finely ground,
good extractions were obtained. The consumption of cyanide and lime
was high. Water washing reduced both of these.

CoNCENTRATION TESTS

Test No. 11
Tabling at —65 Mesh:
Assay Per cent of values
Product Weight, A n
per cent u 8
oz./ton | per cent Au As

Table concentrate 2140 0-54 4.20 60-8 532

« iling 64-2 0-10 0-80 34-4 31-0
SlMES...ovviivieiinininas 148 0-06 1.77 48 15-8
Head from produots....... 0-19 1.66-

Test No. 12
Flotation, Tabling Flotation Tailing:
Assay Per cent of values
Product Weighté Y n
per cen u 8
oz./ton | per cent Au As

Flotation concentrate...... Cerererenene 225 0-57 6-02 67-7 66-2
Table concentrate. .. . 7-0 0-48 3.31 17-8 11-3

¢ tailing........ 49-1 0-03 0-39 78 9.3
SHmes...ovvvvvsenes 21:4 0-06 1.26 67 132
Head from produects. RN 0-19 2:05

r~
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Test No. 18
Flotation, Tabling Flotation Tailing:

Assay Per cent of values
Product Weight, A r
per cent u 8
oz./ton | per cent Au As

Flotation concentrate..............covevun.. 20-0 0-75 6-56 75'5 68-8
Table concentrate...........covvunviuvienn. 36 0-54 3-97 9-8 7-5

A 72515 117 45-1 0-03 0-31 6-8 7.3
BlME8. e venesvnrernannrnereneernereaeans 311 0-05 1-00 7.9 16-4
Head from products.....eeenveneneeereieiesoeeeeeanns 0-20 1-91

Flotation Reagents

Test No. 18.—Coal tar 40 per cent, coal-tar creosote 60 per cent, 0-3 1b./ton, soda ash 7:0 1b./
ton, cresylic acid 0:08 1b./ton, added to ball mill and ground 30 minutes. Added to cell, sulphurio
acid 5+0 1b./ton, copper sulphate 10 1b./ton, xanthate 0-5 1b./ton, pine oil 0-1 1b./ton.

Test No. 18— No, 1,580, 0-4 1b./ton, sulphuric acid 5 1b./ton, copper sulphate 1-0 1b./ton,
zonthate 0-3 1b./ton, ground 40 minutes in ball mill. Added to cell, sulphuric acid 10 1b./ton,
xanthate 0-101b./ton, pine oil 0-1 1b. /ton.

CONCLUSIONS

Tabling. Tabling produced very poor results.

Flotation and Tabling. Flotation followed by tabling the flotation
tailing was much superior to straight tabling. The combination method
showed a ratio of concentration of 1:4-4. The slimes were higher than the
sand tailing in both gold and arsenic. The very fine material is too oxidized
to float. Relatively large amounts of reagents are required for the flotation.

SUMMARY

The tests on the composite sample indicate that fine grinding and
cyanidation is the better method of recovering the gold from these tailings.
Water washing previous to cyanidation seems advisable. The present
price of arsenic is too low to warrant attention being paid to the arsenic
content.

Report No. 253

CONCENTRATION OF A SILVER-LEAD-COPPER-ZINC ORE FROM
LA ROSE MINE, KITSAULT RIVER SECTION, B.C.

J. S. Godard

Shipment. A shipment of 50 pounds of this ore was received July 28,
1926. It was sent by the Ladysmith Smelter Syndicate from the La Rose
mine, in the Kitsault River section, B.C.

Characteristics of the Ore. The ore consists of a mixture of the sul-
phides of lead, zine, and a minor quantity of arsenic and copper. Gold is
present to the extent of 0-16 ounce per ton, some of which is free and the
balance associated with the above sulphides; 192 ounces of silver per ton
is present, mainly associated with the lead and copper. The lead is present
as galena, the copper as freibergite, and the zinc as a dark resin blende.
The gangue is siliceous.
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Sampling and Analysis. The entire shipment was crushed and screened
on 20 mesh. The metallics were assayed separately.

Analysis of —20 mesh product:

Gold. 0-14 oz./ton
Silver 18066

Lead. 259 per cent
Zine.. 3.41 ¢
Copper.. 0-43 ¢

BN T o (O R N ee. 0075

Assay of metallics 420 mesh:
Gold.

Gold

Purpose of Tests. The purpose of these tests was to ascertain the
best method of concentrating this ore.

BEXPERIMENTAL TESTS

Selective flotation of the lead and copper sulphides from the zinc
blende. The flotation tailings were tabled.

Results:
Assays Per cent of values
Test Produect Weight] Pb Cu Zn
No. per per per per Au Ag |Pb|Cu|Zn|Au|Ag
cent | cent | cent | cent |oz./ton| oz./ton

1 Leadconcentmte.... 10-4] 23-61 3-32| 10.39f 0-70|1,574:6 (96-2|83-7(33-6/73-5(91-8
ine 8.8 0-98 0-39] 24-27 0.15 87-65| 3-4( 8-3|66-4/13-3| 4.3
Table “ 1.5 0-15 0-10f tr 0-30| 159.6 | 0-1} 0-2....] 4-1] 1:3
“  middling...... 10-5 0.-07 0-07] +tr 0-02{ 18-83( 0-8} 1-7}....] 2:0] 1-1
“  tailing........ 471 tr 0-03| +tr 0-01 3-65}....] 3-4f..,.] 5:1f 1-0
“ glimes........ 217 & 005 tr 0-01 3:63 2.7 ... 2:0] 0-5
2 |Lead concentmte. 11-0| 28.56] 3-20| 12.75| 0-60|1,972-15/96.8|83-8|40-7(60-0/92-8
ine 8.5 0-67| 0-39) 23-65 0-15 86-90( 2-1| 7-9|58-3{11-8| 3:2
Table “ 8-8 0-22{ 0-05 0-05 0-.28 77-75 0-7} 1-0] 0-1}22.7| 2.9
“  tailing........ 56-3 nil 0-03) tr 0-01 3-73|....| 4:0]....] 4:5| 0-9
“ glimes........ 15-4 0-051 0-09f 0-200 0-01 4.21| 0-8f 3-31 0-9j 1-0{ 0-2
3 |Lead concentrate.... 9.6/ 26-44] 8-57| 15-72| 0-925[1,690-33;97+1/84-9[46-0]61-5(90-9
inc ‘« 2.0 1.19/ 0-59| 24.37[ 0-21 94.06) 0-9| 3-0{14-8| 2-9! 1.1
“  middling...... 3.6 0.42] 0.34] 2.25 0-195| 53.21| 0.6| 3.0 2-5| 4.8] 1-1
Table concentrate.. 5.1 0.45] 0-14[ 12.13| 0-70 | 173.97 0-9| 1-7|18-8|24.2] 5.0
tailing. ..... . 063.6] tr 0:03 0-64/ 0-015 4.19,...| 4-7/112-4) 6:6| 1:5
“ glimes........| 1611 0-0% 0-07 1.11f +¢r 5-41 0-5( 27 55....] 05
4 |Lead concentrate.... 9:0/ 26-94| 38-59| 13.72| 0-75 |1,786-75(96-9/83-3(37:6/60-9(93+0
“ middling...... 5.6 0-60 0-18 2-83 0-05 56-40| 1-3| 2.6 4-7) 2-5| 1-8
Zmo concentrate. . 4.2 0.7 0-51f 39-83 0-09 55-90( 1-2| 5-4(51-0f 3-4( 1:4
middling,..... 4.5 0-16 0.1 1.91] 0-08 20-47} 0+3f 1-3; 2:6] 3:2! 0-5
Table concentrate.. . 3:3] 0-200 0:07 0-40f 070 | 100-55/ 0-3{ 0-5f 0-4]20-9f 1-9
Tailing...........wnof 5550 nil 0-02] 0-05 0-015 2:041....] 28| 0-9f 7-5| 1-0
SHmes...evnevnenon.| 18:0] nil 009 0-51f 0-010) 3-39(....[ 4-1 2.8 1-6[ 0-4
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Test Reagent
No.

Lb./ton

Remarks

1 [Lead:Sodaash...ccecveereuieenresans
Thiocarbanilid
Sodium cyanid

Zine: Copper sulphate., ...............
Xanthate.....coovverevvirunnes

2 jLead: Sodaash.....covvvnvvnrinvineas
Thiocarbanilide.................
Sodium cyanide,................
Cresylicacid..ovveerovvnenonnn..

Zinc: Copper sulphate.................
Xanthate.,....oocovevreriinnnns
Pine oil No. 5.ovvvvvvvnnnvnenens

3 |Lead:Soda ash.......covvevrenens Vs
Coal tar, 60 per cent,........... }

Coal-tar creosote, 40 per cent. ..

Pine oil No. § to froth...........[.

4 |Lead: Soda ash.......
Sodium cyanids
Thiocarbanilid

Zine: Copper sulphate..........
Xanthate,,............
Pine oil No. § to froth..

.........

P S =
[—=1~=] oc:xo

D W OO OO0 ON OOn
O OO

B & SO 1o
5O gis g =

Added“to ball m‘i‘ll and grognd 1 h()‘t‘xr.

“« 113 €« 44

Added to cells.
Ore ground to 200 mesh.

Added“to ball m‘i‘II and grognd 1 hO‘l‘ll'.
“«® [{] [ “

Added to cell.

€«
«

Ore ground to 200 mesh.
Added toballmill and ground 35 minutes.

{3 “« 14 “«

Added‘ to cell,

“®

Added‘ to ball m‘i‘ll and grognd 1 ho‘t‘lr.

3 3 é“« €«

Added‘ to cell.

«

Concentrates were cleaned without additional reagents.

CONCLUSIONS

Selective flotation followed by tabling the flotation tailing is a possi-
bility on this ore. In test No. 1, 96 per cent of the lead, 84 per cent of
the copper, 73 per cent of the gold, and 92 per cent of the silver reported
in the lead-copper concentrate; 66 per cent of the zinc is recovered as a
zine concentrate. Selective flotation is preferable to bulk flotation where
high zine in the concentrate would interfere with the smelting of the con-
centrate. The 66 per cent of zine recovered by selective flotation would
pay for the operation and would mean lower smelting charges on the lead-

copper concentrate.
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‘Report No. 254

THE CONCENTRATION OF A LEAD ORE FROM THE FORBES GALENA
MINE, PERTH ROAD, ONTARIO

C. S. Parsons

Shipment. A carload shipment, 78,400 pounds, of lead ore was
received August 26, 1926, from the Forbes Galena Mines, Ltd., Perth Road,
Ont. The property is better known as the Frontenac lead mine.

Characteristics and Analysis. The ore contains galena in a calcite
gangue associated with pyrite and a small amount of zine blende. The
pyrite is present in sufficient quantity to interfere slightly with the con-
centration of the ore. The analysis of the carload was:

Lead 2.03 per cent

Purpose of Tests. The following mill test was conducted to deter-
mine a suitable flow-sheet for the concentration of the ore, which would
utilize, with as few additions as possible, the equipment in the mill already
on the property.

Experimental Tests. The ore was crushed by jaw crusher and rolls
set at £ inch. A sample was cut by a Vezin sampler taking a tenth cut.
This sample was reduced by grade crushing and division until a sample
for analysis was obtained. The roll discharge passed over a set of three
slotted screens, 4, %, and 7% inch. The 44 mesh was held until all the ship-
ment had been crushed, and was then passed through the rolls again. The
—3-+4 obtained from this recrushing was mixed with the —4-4} obtained
from the primary crushing. The —}- and —7% from the recrushing was
sampled, weighed, and run separately from the corresponding sizes obtained
from the primary crushing. This accounts for portions marked No. 1 and
No. 2 in the results of the tests. No. 1 is the portion obtained by primary
crushing, and No. 2 by recrushing operation.

Table No. 1 gives the weights and analyses of the sized products to be
concentrated.

Table No. 2 gives results of jigging the —4-}-4 material.

Table No. 3 gives the results of jigging the two portions —§-%.

Table No. 4 gives the weights and analyses of the two —3% products.

Table No. 5 gives the results of tabling No. 1 portion —v%.

Table No. 6 gives the results of classifying and tabling No. 2 por-
tion —+%. (See notes on operation.)

Table No. 7 gives the results of a table test made on the rejects of
the head sample all crushed to 20 mesh. This test was made to check the
head sample. ’

Table No. 8 contains a summary of all the concentrates produced
during the tests.

Table No. 9 contains a summary of the hutch produets from the jig
which were not re-treated.

Table No. 10 contains a summary of all middling products which
were not re-treated.

Table No. 11 contains a summary of all tailing produects.

Table No. 12 is a balance sheet of the tests on the entire shipment.
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Table No. 1

Weight Analysis | Per cent
Product Pb of Remarks.
Lb. Per cent | per cent | values
Head................ 79,647 100-0 2:03 [oooeuiunn.
—3FE i 13,057 17.0 1.47 11.9 {Difference between weight of
R R T I 30,063 39.2 2.08 38.6 | heads and totals due to mate-
o < 21 ¢ ) PR 14,982 19-5 2:28 21-1 | rial used in sampling.
g )it 18,635 24:3 2.47 284
Total...ovvvvvinvnns 76,737 1000 [...oooiiii]iininnns .. Cai;%ulated head, 2-11 per cent
Table No. 2
(Jig details, —3--3%)
Feed........ ...| 13,057-0 100-0 147 [ooovniin, Jig bed used to bed next size,
Concentrate. . 147-0 1.13 82-91 74-2 | hence difference between head
Hutch.. 36-5 0.27 17.13 3-7 | and calculated head.
Middlin, . 124.0 0-95 15.89 12.0
Tailing.....oevennnn 12,7495 97.65 0-13 10-1
Total.............ues 13,057-0 10000 [ooeeuveni]onnnnnnnns
Table No. 8
(Jig details, —%-+1%)
No. 1 portion .| 16,259-0 54.08 1.95 51.0
No., 2 portion 13,8040 45.92 2:20 49.0
otal..... 30,063-0 1000 [ovovvnini]oerinnnnns
Concentrate. 626-5 2:08 84.25 84.2
utch.. 880 0-29 38.93 5.4
Middling . 178-5 059 13-61 3.9
Tailing, . .| 29,170- 97.04 0-14 6.5
Total.eeierreneronss 30,063-0 10000 [ooveeiiiiiferrnennens
Table No. 4
(Details — Tabled)
No. 1 portion........ .| 14,9820 44.57 2:28 42-8
No. 2 portion......... 18,6350 55.43 247 57-4
Total.......veu. ....| 33,617.0 100-0 [...oooooiufienninna,
Table No. 6
(Tabling No. 1 portion of —7)
Head........ooovven 14,9820 100-0 2:28 {oivnuninn
Concentrate.......... 442.5 2.97 78-83 93-2
Middling............. 40:5 0-26 21.61 2-2
Tailing..ooovreenennn. 14,499-0 96-77 0.12 4.8
Total..v.viieenennns 14,9820 100-0 foovviivniifivininnnn
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Table No. 6
(Tabling No. 2 portion of —)
Weight Analysis, | Per cent
Product Pb of
Lb. Per cent per cent values
Head, o ivioiiviernreniiiisesenietecanecens 18,635-0 1000 2.47 100-0
18t spigot CONCENETAte. .vvvoenrns 321-0 1.72 80.71 63-1
1st spigot middling............... 136-0 0-73 936 3-1
2nd spigot concentrate 53-0 0-28 73.37 9.3
2nd spigot middling................ 367-5 1.97 8.50 7-6
Slime concentrate...............v 38-5 0:21 7863 75
Slime middling.......ccvvvivinenns 70-0 0.38 6-78 1.2
alling. ...oviiii e 17,649-0 94.71 0-19 8-2
B0 7 PO NN 18 6350 1000
Table No. 7
(Tabling rejects from sampling)
Coneentrate. .o vvveveerriviireviiecsnsseranns 26-50 30 62-69 90-2,
Middling...vvviieiriineriinineensnens 275 0-4 8.50 1-4
Tailing. ..o vereii i 712.75 96-0 0-22 8.4
B0 7 R 742-00 100-0
Table No. 8
Concentrutes—
T —3h i e 147-0 8.9 82:91 9.1
Lt s O N 626-5 37.9 84.25 39-3
Tabling —2 (D.oiveeiiiiiiiiiiiiinnns 442.5 26-7 78-83 26-0
Tabling 18t 8pIgot..o.oviiiiiiviiiiii e 3210 19-4 80-71 19.3
Tabling 2nd spigot......ovvvivniiieninenns 53:0 3.2 73.37 2:9
Shmes. ..ovvvve i 38+5 2:3 78+63 2:2
. 1:6 6269 1.2
100:0
............ 81.176%
29.3 17-13 15-4
70.7 38-93 846
1000
............ 32.543%
Table No. 10
Mlddlmgs——
Jig —} 1240 13-5 15-89 19-4
1785 1944 13-61 23-8
Table - 40-5 4.4 2161 8-6
Table 1st spigo 136:0 14.8 936 12-5
Table 2nd spigot 367-5 40-0 8.50 30-8
limes. . 700 7-6 6-78 4.7
Rejects. 2:75 0-3 850 0-2
Total.ererererienans o 919.25 100-0
Average of all middlings. . .ovvrerevenennn foerieeeiiieeiieenan. 11:062%
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Table No. 11

Weight Analysis, | Per cent
Product Pb of
Lb. Per cent per cent values
Tailings—
STy e o 12,749-5 17.0 0-13 15-0
B Rk & 2T PP 29,1700 39-0 0-14 371
Table =y (1)icvieuiiiiierroneeiiaesrnnans 14,499-0 194 0-12 15.9
Table —y5 (2) e eveeiiriivureriiriranansas 17,649-0 23-6 0-19 30-5
Rejects 712-75 1.0 0-22 1.5
Total.eeeveeeueivrerneannn 00-0
Average of all tailings 0:147%
Table No. 12
1,655-00 2.14 81-175 84.3
124.50 0-16 32-543 25
919.25 1-18 11-002 6.3
..| 74,780-25 96-52 0-147 6.0
.| 77,479-00 100-0
........................ 2:06% Pb.

NOTES ON OPERATION

James jigs on —% —-{-inch size. The jigs made an excellent separa-
tion on this size, producing a very high-grade concentrate and clean tail-
ing. A higher grade concentrate could have been made without affecting
the tailing, by increasing the amount of middling. The jigs were operated
in series. There was no difficulty in keeping the iron out of the concen-
trate.

James jigs on —% Fg-inch size. The jigs also made an excellent
separation on this size. The middling was made on the bed of the second
jig. After the operation of the jig was adjusted, a clean hutch was
obtained, but no clean-up was made to separate the dirty hutch product
from the clean, hence the grade of only 38.93 per cent for the total hutch
product as shown in table No. 3.

Two James automatic jigs were operated as follows:

No. 1 made a concentrate, a hutch, and a tailing. The tailing was fed
te No. 2 which made a concentrate, a hutch, and a final tailing. The — %
-4 %-inch size was jigged under the following conditions:

No. 1 jig—Water 3-ft. head; $-inch throw; about 260 r.p.m.; 12-mesh

screen on hutch.

No. 2 jig—Water 2-ft. head; $-inch throw; about 260 r.p.m.; 12-mesh

screen on hutch.

The — % 4 + size was jigged under the following conditions:

No. 1 jig—Water 2-ft. head; £-inch throw; about 260 r.p.m.; 12-mesh

screen on hutch.

No. 2 jig—Water 2-ft. head; 4-inch throw; about 260 r.p.m.; 12-mesh

screen on hutch.

Rates of feed to jigs: 2,380 lb./hr. (See Table No. 2).

1,700 1b./hr. (See Table No. 3).

51694—5
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Tabling the —+% inch. A large -amount of experimental work was
done on this size before a flow-sheet was developed, and classifiers and
tables adjusted to work properly. Portion No. 1 was the material used in
making and trying out different flow-sheets and machine adjustments. The
first flow-sheet used was as follows: the —fz-inch material screened over a
24-mesh Callow belt screen, sending the —24 to Fahrenwald classifier.
The 424 mesh going to a quarter-size Butchart roughing table. The six
spigot discharges of the classifier were grouped into two products, the coarse
product was fed to a quarter-size Plat-O table and the finer sizes product
to a quarter-size Wilfley table. The slimes weve thickened in a cone tank
and fed to a standard Wilfley table. The roughing table treating the --24
mesh got the bulk of the feed and made an excellent separation. The large
Wilfley handling the slimes also made a good separation, but the two
quarter-size tables handling the classified feed did not get sufficient material
on them to enable a proper cut to be obtained between the lead and iron
sulphides. The flow-sheet was abandoned as being of no practical use to
meet the local conditions at the mine.

A second flow-sheet was tried using a Richards launder type classi-
fier with two chambers, straight on the —{g-inch material. It took con-
siderable time to find the proper adjustments, but one was finally obtained
which could be maintained without difficulty and which produced excel-
lent vesults. This launder type classifier is a divect type pulsator and
could be converted into a jig by placing a screen on the sorting column.
A coarse spigot product from the classifier was tabled on the Butchart
roughing table, an excellent separation being obtained. The classifier was
adjusted to give a product containing all the coarse lead. The feed to
the table under this condition was light, but very high grade and the bulk
of the lead in the —s;-inch size was obtained from this table. The spigot
from the second chamber contained the bulk of the feed, the classifier being
operated to de-slime only. The slimes were thickened in a cone tank. The
spigot product from this second classifier chamber containing the bulk of
the sands was low in lead. This was fed to the Plat-O table and at least
two-thirds of the —s%-inch material passed over this table. By loading
the table in this way a very good separation was obtained. Unfortun-
ately, a number of adjustments had to be made and it was not until the
latter part of the run that a final and satisfactory adjustment was obtained.
A sample taken during this period to represent the grade of concentrate
which might be expected under operating conditions gave 80.30 per cent
lead. :

It is well to point out here that the results obtained on all tables could
have been improved greatly if more material had been available to allow
correct adjustments to be obtained. The various adjustments which had
to be made were, size of plug to use in the spigot discharge of classifier,
amount of water, ete. The Plat-O table was being used for the first time
and difficulty was experienced in obtaining a suitable device for cutting
the concentrate from the middling at the edge of the table. Also the table
was run for some time, with too long a stroke, causing the coarse sands to
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crowd over the concentrate. It was also found necessary to load the table
heavily in order to make it work perfectly and, as the tables have a very
large capacity on this class of material, at no time was it possible to get
a full load on them. Each of the quarter-size tables would have taken a
feed of over one ton per hour. The classifier was fed at a rate of 14 tons per
hour during the latter part of the test on portion No. 2. A head of 12 feet
of water was used, and the speed of the coarse compartment was 320 pulsa-
tions a minute, or 160 r.p.m. A Z-inch opening in the plug on the coarse
and %-inch for the fine discharge was used. The coarse compartment had
a 2i-inch diameter sorting column, the fine chamber a 4-inch diameter
sorting column. This type of classifier handled the —;-inch size (slotted
screen) feed perfectly. An 8-foot cone was used for thickening the slime
overflow. This gave a clear water overflow. Table No. 6 shows the results
of the operation on portion No. 2.

Table No. 5 is given so that a balance may be struck and enable
a calculation to be made to check the original head sample. No atten-
tion should be given this table in regard to indicating separations, as the
products obtained are a mixture of a number of different flow-sheets.

RECOMMENDED FLOW-SHEET

The flow-sheet recommended is as follows: crushing to %-inch,
sizing on - and on f5-inch screens. This gives two jig sizes. In order
to obtain capacity on the jigs and still make a separation between the
iron and the lead, this screen ratio of 2 is believed to be necessary. The
—+5-inch material can be fed to two hydraulic classifiers of simple con-
struction. This gives three table sizes, coarse, medium, and slime over-
flow, the slime overflow to be thickened in a cone tank. The classifiers
should be adjusted to give the proportions as described above. The
middling from the jigs and tables can be reground and returned with the
original feed.

This flow-sheet can be adapted to the present mill without any radi-
cal changes being necessary, and no additional machinery will be required
1(?ﬁceptbthe two simple hydraulic classifiers which can be constructed on
_the job.

The tables should be loaded as heavily as possible and two spigot
products seem all that are necessary in the way of classification.

1694—5%
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Report No. 255

EXPERIMENTAL TESTS ON ORE FROM THE ARGONAUT MINE,
LARDER LAKE, ONT.

J. S. Godard

Shipment. Two shipments of ore were received from the Argonaut
Consolidated Mines Limited, Larder Lake, Ont. Shipment No. 1, received
August 31, 1926, consisted of 70 pounds of sample No. 1 and 80 pounds of
sample No. 2. Shipment No. 2 received September 23, 1926, weighed
75 pounds and was marked “1018.”

Characteristics of the Ore. The samples received were of a gold-
copper ore. The gold was present mostly as free gold, and the copper
as a massive chalcopyrite. The gangue resembles syenite in composi-
tion. Sample 1018 contained a small amount of chalmersite, a magnetic
chalcopyrite of about the following composition—CuyS, FeysS;. Con-
siderable magnetite and some graphite were also present.

Analysis:

Copper
13 100 9) L TS O 0-80 per cent,
« 2 ettt a e et ittt e ettt areraan 1.85 «
“ {15 3.92

Purpose of Experimental Tests. The flow-sheet of the Argonaut
mill is as follows: grinding in a ball mill, followed by a classifier in
closed eircuit with a tube mill. The classifier discharge passes over a
set of amalgamation plates before being floated in a K & K flotation
machine. The tube mill discharge passes over another set of amalgama-
tion plates before discharging into the classifier. Ore from different
levels in the mine is at present being milled.

The results from floating the ore represented by Sample No. 1 were
unsatisfactory. The recoveries were poor and the froth watery, and
greyish in colour. Ore as represented by sample No. 2 behaved nor-
mally. The purpose of these tests was to ascertain, if possible, the reason
for the difference in behaviour of the two samples and to apply cor-
rective measures.
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Experimental Tests
Sample No. 1:

. Analysis, | Per cent
Test Weight '
Product H Cu of Remarks
No. percent | 1o oont | values
1 6:0 12-24 940 |Ore ground ~100 mesh,
940 0-05 60 (Froth fair.
2 4.4 1652 92-7 [Ore ground 18%, 4200 mesh,
956 0-06 7.3 |Bluish grey froth.
3 |Concentrate.......... 7:2 10-56 93-0 |Bluish grey froth.
Tailing -4200...... .. 17.8 0-07 1.5
-~200........ 750 0-06 55
4 |Concentrate....,..... 4.5 16-84 96-3 |Froth bright colour.
Tailing -+200. 15:9 0-03 0:6
~200. 796 0-03 31
5 |Concentrate.......... 4.3 1652 88-2 |Ore ground 15% --200 mesh,
6:5 023 1-8 {Bluish grey froth., Table concen-
2.7 0:09 0:2| trate high in magnetite.
61-5 0-08 6.1
25-0 0-12 3.7
7 |Concentrate.......... 6-6 10-46 90-8 [Froth bluish grey
Tailing -+200. 8:4 0-12 1.3
—200........ 860 0:07 7.9
8 |Concentrate..... 50 14-66 963 |Froth auperior to test No, 7.
Tailing --200. e 74 0:03 0.3 |Colour bright.
~200........ 87:6 0-03 3.4
9 |Concentrate..... eees 4.7 19-08 93-1 (Head sample high, 0-96% Cu.
Tailing --200. 9:6 0-07 07 |Froth good, colour bright.
—200........ 85.7 0-07 6-2 .
10 |Concentrate.......... 4.8 1408 94.7 |Froth good, colour bright.
Tailing -4200........ 70 0-04 0-4 |Pulp alkaline,
~200........ 88-2 0-04 4.9
11 |Concentrate..,....... 61 12.32 95-2 |Froth ;i)od, colour bright.
Tailing -+200. 7:5 0-04 0-4 |Pulp alkaline,
=200 86-4 0-04 4-4
12 |Concentrate..... 77 10-50 95-8 |Conditions good.
Tailing 200, 6.1 0:04 0-2
~200. 86-2 0:04 4-0
9.5 7:46 90-4 |Froth bluish grey.
6:3 0:15 1.1
84.2 0:08 8.5
Trom, feITOUB. . s.vvesirsearsnsesressrassasases Ceneeseninininiiasans 0-0025g1m./litre
5 0T tteesiiaecairasenireasanas 0:0113 ¢
Solution alkaline—
MBENOBIA. » v vt e ernsnanersessssensnssssonesornersossnansenses 0-0086 “

Sulphur trioxide............... eereeniieees e Cereian 00103 “
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Reagents Used:

Test Reagent Amount, Added to
No. 1b./ton

1 {Soda ash.......... Ceeerrineneneesrenn, Creieenas Crreeraans 3-0 [Ball mill,
Coal-tar...... Cereeraeaes ceenee NN ceen . 409 0-35 «
Coal-tar oreosote............ut. R 60%)

Pine oil Floto brand ........... Ceeeeeans PP Ceeeereeans 0-04 [Cell.

2 |Lime...... s erteerererianraeaieeas e teeeeireereienanes 4.0 [Ball mill.
Xanthate....... A 0-2 [Cell.
Pine 0il No, 5...vvnvnieneiiann eeeenrarrerennean Ceeerieens . 004 | ¢

8 |Lime..iciiiierreiineiiiniiaiens PN rrerieans rrereerenas 3.0 |Ball mill.
Xanthate..... Cereerasereraes BN 0:2 oll.
Pine 011 NOL 8. vivvnveuenneneneesoosonnornossonarantsssaasnns 004 | ¢
Copper sulphate. ..... Cerecaeriianenes e Chreeenens 0-56 “

4 |Soda ash........ Ceeeteereartenrreiines e Ceeanenas R 3-00 |Ball mill,
Xanthate,....ccoviiiiviiiiiiiiinns 02 ell,
Pine 011 N0y Buurvrneiirerenrsersairnsessiaiosasarssnctnenas 004 | ¢

R 5 YO N 3:00 |Ball mill,
Coal-tar Ore0S0te. vvvrreerieersriereiionnn, Ceriees 0:30 «“
Cresylio 8eIA .. vuuviirriieieiercroiserersieiirierns Cereenes 0-08 “
Pine 0il N0, Buvrvvveveveraneaenesanonrionns FETAN ereenes 0:04 |[Cell,

7 {Lime........ N e ereeriererrrerterrie e iaretee 3.0 |Ball mill,
Barrett's No. 4.... eriecerereaes 0-34 “

0-04 |Cell.

8 3.00 |Ball mill.
0:34 “
0-04 jCell.

9 |Lime...... e rereaerr e, Ceeeraen P 2-00 |Ball mill,
Coal-tar creosote.... 025 «
Cresylic aoid......... 0-08 “
Pine 0il No. 5..... S e 0:04 |[Cell,

10 |Sodaash..ciiieieiiieiinensenss Ceiasecratreaastiiiassocs 2-00 |Ball mill,
Coal-tar creosote...... Ceenenes beaseariiraaenciintianas R 0:25 «“
Cresylio acid......... Cerieaees Ceeeeeaes 0-08 “
Pine 0l NO. buvvviinriiniiiaenvenenienes R Ceveas 0:04 [Cell,

11 {Lime,....... e e reateerariaeteaan vt 1-00 (Ball mill,
Coal-tar Cre0S0te. v vv e eereereeanrarnne Cerene 0-20 «“
Cresylic acid. ........... PPN Cerieeens 0-08 “
Pine 01l N0, Buuvrvaiereervanronsinriientonianstiessassiceons 0-04¢ (Cell,

12 [Soda ash..... eetreeeriiaeen e ir e 1:00 |Ball miil.
Coal-tar GIe0SOte. .vovvereereecensss 0+20 «“
Cresylic 26id. . voviereneeriennnens 0-08 “
Pine 01l NO. 5.vvvreivianiarnniieeninncninnns 0-04 |Cell.

D T Y Y . 6-00 [Ball mill,
Coal-tar oreosote............ Ceeens 020 “
Cresylic 8cid....coovviiieinianannns . 0-08 “
Pine 0il No. 5.vvvvinnniiiininenns Cererereir s Ceraes 0:04 |Cell.




Sample No. 2:

Test Weight, | Analysis, | Per cent
No. Product per cent Cu of Remarks
per cent | values
1 |Concentrate.......... 8:2 16-32 95+4 |Ore ground —100 mesh,
Tailing......oovevnnns 91-8 0-07 4.6 |Froth good,
2 |Concentrate.......... 6-0 21-30 95.8 iOre ground -+150 mesh,
Tailing............... 94-0 0-08 4.2 |Froth good.
3 |[Concentrate.......... 7-8 17.50 95:3 [Ore ground 18%, 4-200 mesh.
Table concentrate.... 6-9 0-25 1.2 |Froth good, Table concentrate high
“  middling 3-3 0-10 0-2 | in magnetite,
¢ tailing.. 48-9 0-06 2.1
“ slime. 333 005 1.2
5 |Concentrate... 76 17.38 96-5 |Conditions good.
Tailing -+200. . 76 0:06 0-4
~200........ 84-8 0-05 3-1

4, Soluble salts:

Tron, ferrous.......vuvve. Ceeiesesiaensenenen PR | 1111 1] grm./litre.
ime......... e e erieenes e raeretiraatras N | 1) B 14 ¢

Solution alkaline—

MAENeSIf ., vveererererrrnersrnsssasessesnsressssssecssess 00149 “

Sulphur trioxide, .vveeeervererroresrinssrares veerreresss, 0:0103 “

Reagents Used.

Test Reagent Amount, Added to
No. 1b./ton

1 |Sodaash,.ivieiiiariiiniriinnininnssnnees veens 3:0 Ball mill.
Water-gas tar . . 0-37 “

Pine oil No. &... 0-04 | Cell,

2 |Lime....... e eeeentensareaerranaraiaen 4.00 | Ball mill.
Xanthate. . PP 0-20 ell,
Pine 0il NO. Buvvvnererrnsinnncaoonass 004 *

I ' T 3:00 | Ball mill
Coal-tar creosote 0-28 “
Cresylic acid.... Chrerees 0-08 “
Pine 01l NO. 5. uvvvnverrnesiisnscansnnns . 0:04 | Cell.

5 |Lime..iviveiiiieiiciiiiiienies 1.0 Ball mill.
Coal-tar creoso vees 0:20 “
Cresylicacid............... 0-08 ¢
Pine 0il N0, 5ovvvvvernnoniinrnaeinnrinssnns 0-04 | Cell.
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Sample 1018

Test . Weight, | Analysis | Per cent
No. Product per cent Cu of
per cent | values

1 [Concentrate........oovvvnennns 26-0 14.68 96-5
Tailing +200.. 88 0-40 09

—200.. 65-2 0-16 2:6

2 |Concentrate............. 27-0 14-44 98-2

Tailing +200....... 29 0-21 0:2
—200.. 70-1 0-09 1-6

3 |Concentrate............. 24.9 16-04 97.8

Tailing 4-200........ 3:2 0-33 0:3
~200........ 71.9 0-11 1-9
4 30-2 13:30 97.8
4.4 0:25 0:3
65-4 0-12 1.9
b 23.4 16.74 97.8
3.3 0-25 0-2
73:3 0-11 2:0
6 251 15.64 98-1
2:3 0-21 0-1
72:6 0-10 1-8

Reagents Used.:

Test Reagents Lb./ton | Added to Remarks

1 [Lime...... rereraiestaiaianes [ 1:56  [Ball mill,..[Froth good, colour good, time
Coal-tar cre0s0t0.....ivievsrnvenss 0-20 “ ...] of contact 20 minutes.
Cresylicacid............0. veeras 0-08 “

Pine 0il NO. 5. veiveiivnennennennns 0:08 |Cell........

2 [Sodaash................ 1.5 -|Ball mill, . .|Froth good, colour good, time
Coal-tar creosote......... ves 0:20 “ . of contaot 20 minutes,
Cresylic acid.......... 0-08 “

Pine oil No. 5.......... 0:08 [Cell........

3 |Lime...ovuieiiirnnns e reirieeenas 1.5 |Ball mill...[Froth good, colour good, con-
Thiocarbanilide.........cvvivenn. 0-20 “ taot 1 hour,

Pine oil NO. 5..ovvivinniiniiennn. 008 |[Cell........

4 -[Soda ash........... erereeecaiees 1.5 |Ball mill...[Froth good, lively: colour good.
Thiocarbanilide,..... Ceaees 0-20 “ ...| Cono. not so good as No. 3.
Pine oil No. b..oovvvvvniinninnnn, . 0-08 |[Cell........

5 |Lime,.... 1.5  |Ball mill...|Lime 60-minute contact. Xan-
Xanthate 0-20 “ thate 5-minute contact,

Pine 0il No. 5....ccivuunn. e 008 [Cell........ Froth good, colour good.

6 [Soda ash.......... ciieves creraees 1:5 [Ballmill,..[Soda ash 60-minute contaot.
Xanthate . 0:20 “ Xanthate 5-minute contaot.
Pineoil No.5...cooovviiiinnnnnnnns 0:08 |Cell........ Froth good, colour good.
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C’omposite Samples:

Weight, | Analysis, | Per cent
Test Product per cent Cu of Ore used
per cent | values
A |Concentrate.......... 6-8 10-76 89-7 |1,000 grms, sample No. 1.
Tailing +-200........ 99 0-09 1.1
—200......... 83:3 0-09 9-2
B [Concentrate.......... 11.0 8:78 94-0 { 500 grms. sample No. 1.
Tailing +4-200........ 126 0-10 1-2 | 500 «“ “ 2.
—200........ 755 0-07 4-8
C |Concentrate.......... 15:9 14-42 97-0 | 500 grms. sample No, 1.
Tailing +-200........ 73 0-12 0-4| 500 « “ 1018.
—200........ 76-8 0-08 2:6
D |[Concentraté.......... 19-4 13-32 97-2 | 500 grms, sample No, 2.
Tailing +4-200........ 52 0-17 0:3| 500 “ “ 1018,
—200........ 754 0-09 2:5
E |[Concentrate..... . 13:5 1448 97-0 | 333 grms. sample No. 1.
Tailing +-200........ 10-1 0-08 0-4| 333 «“ “2,
~200........ 76-4 0-07 2-6 | 333 “ “ 1018,
I |Concentrate.......... 1746 11410 97.7 |Same as E, adding 83 grms. car-
Tailing -+200........ 5.7 0-12 0-4 | bonaceous material as found in
-200........ 76-8 0-06 1.9 | sample No. 1018.
G |Concentrate...... era 741 10-08 95-1 {1,000 grms. sample No, 1.
Tailing +200........ 86 0-04 0-4
~200...00us. 84.3 0-04 4.5
H [Concentrate.......... 7.6 948 94.0 (1,000 grms, sample No. 1.
Tailing +200...... . 8.2 004 0-4
-200........ 843 0-05 5.6

Reagents:

Tests A-F; Lime 15 lb./ton added to ball mill, 45-minute contact.
Xanthate 0-14 1b./ton added to ball mill, 5-minute contact.
Pine oil No. 5, 0-08 1b./ton added to cell.
Test G: Same as above except that no lime was added.
Test H: Same as tA—F, copper sulphate 0-40 1b./ton added to ball mill with xanthate, 5-minute
contact,
The froth in each test was satisfactory. Colour, golden.

CONCLUSIONS

Flotation Tests on Sample No. 1. Generally good results were obtained
on ore as represented by this sample. The addition of three or more
pounds per ton of lime to the ball mill affected the froth, making it bluish
grey in colour and the recovery somewhat lower. Using soda ash to provide
the alkalinity gave good recoveries. The soluble salts were insufficient in
quantity to cause any trouble.

Flotation Tests on Sample No. 2. Good results were obtained on this
sample. The quantity of soluble salts present was negligible.

Flotation Tests on Sample No. 1018. Good results were also obtained
on this sample.

Flotation Tests on Miztures of all Three Samples. Good results were
obtained on the various mixtures used to constitute the feeds.
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RECOMMENDATIONS

The following suggestions are offered as a means of avoiding the
undesirable bluish watery froth, and decreasing the copper in the tailing.

(1) Grinding. That the dilution of the ball and tube mills be decreased
to about 60 per cent solids. Too thick a pulp in grinding is known to affect
flotation.

(2) That a small quantity of lime, not exceeding 1.5 pounds per ton
be added to the ball mill.

(8) That a soluble reagent, such as xanthate, be used in place of the
coal-tar creosote and pine oil mixture at present being used. The xanthate
should be added in the form of a solution at the end of the amalgamation
plates. Coal-tar creosote should be added to the ball mill in order to
allow a thorough mixing with the pulp and provide a time contact, but as it
would seriously interfere with the amalgamation if added here, the change
to xanthate is suggested.

Report No. 256

EXPERIMENTAL TESTS ON GOLD ORE FROM THE KITCHENER MINE,
EAST CENTRAL MANITOBA

J. 8. Godard

Shipments. Two shipments of similar ore were received during
September, 1926, from the Rice Liake district, Manitoba, one weighing 25
pounds and the other 64 pounds.

Characteristics of the Ore. The samples received contained about 0.75
ounce gold per ton, about 90 per cent of which is free, the remainder being
associated with small quantities of the sulphides of iron, copper, and nickel.

Purpose of Tests. The purpose of these tests was to compare concen-
tration and cyanidation as means of recovering the gold.

Sampling and Analysis. The head sample of the combined shipments

contained— _
0:78 oz./ton

040 per cent
nil
... trace
... 1+67 per cent
. 0.009 “
02:54 ¢
Test No. 1. Flotation and Tabling
Results:
Assay Per cent of values
Product Weight,
per cent Au Cu Au Cu
oz./ton { per cent
Flotation concentrate......ovvvvuvennivnenns 4.2 7:84 8.36 565 926
Table concentrate 5 318 0-16 354 26
Table tailing.......... N 0:06 002 7-0 3.7
13 Y 7 0-03 0-02 11 1.1
Head from products 0.58 0:38 ..ol
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Test No. 2. Flotation and Tabling

Assays Per cent of values
Product Weight,
per cent Au Cu Au Cu
oz./ton | per cent
Flotation concentrate............... reeeans 8-2 11.13 10.71 54-3 89-4
Table concentrate. ....... e 8 270 0:16 36-2 36
Table tailing................. 4 0-09 0:03 8-2 4.7
eS8, sneusveeriirnraens i) 0:03 003 1.3 243
Head from products 0:66 (123 J Y R
Recovery in concentrates: AU.........cvvinenne PR 90+5 per cent
(] PO Ceeeeeeiiaraeaas .. 0980 ¢

Test No. 8. Amalgamation

Screen test on tailings—

Asgay
Mesh Weight, Au Per cent of values

per cent | oz./ton
0-14 1.0
0-68 5:5
0-12 17.0
0-12 18:8
0-10 15-5
0-10 42:2

0-1056

Recovery, 857 per cent
Test No. 4. Amalgamation
Screen test on tailings—
Assay
Mesh Weight, Au Per cent of values

per cent { oz./ton
L 1-5 0-12 2.1
180 e e s 90 0-11 11-6
200, e e e 211 0-09 22:2
B .|| N 68-4 0-08 64-1

Average tailing.........oovveviiniiiiriieninienediiiiniann 0-085

Recovery, 885 per cent
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Test No. 5. Amalgamation and Tabling

’ Assay Per cent of values
Product Weight,
per cent Au Cu Au Cu
oz/ton | per cent
Table concentrate.............oovvvenninnn, 85 0.G8 1.42 539 30-0
Table tailing 3-8 0-06 0-28 35:8 4.5
SHMeS..vivreiiinrereenenanens . 7.7 0.-04 0-37 10-3 25-6
Amalgamation tailing 0-107 [12: 111 AR
Table tailing screened on 150 mesh—
2 P 13-7 0-06 0-06 13-7 3.0
=150, i 86-3 0-06 0-31 86:3 97-0
Average tailing. ...ovvivn i e i e 0-06 (115 2 A R
Distribution of gold: Inamalgam.....c.cooiiiiiiiiiriiienininnnenes 86-3 per cent
table concentrate.......ocivhiiiinnn., T4 0«
. table tailing...ooooviviin it 4.9
BlMES . vees it PP BV S
ROV Y ttvrtt e sttt inse v sns et e ensasannnsaensronsassonsnnsasnns 03.7 ¢
Test No. 6. Amalgamation and Flotation
Assay Per cent of values
Product Weight,
per cent Au Cu Au Cu
oz/ton | per cent
TFlotation concentrate....ovvevvvivevineinne. 5.3 1.16 6:62 76+5 92.5
Flotation tailing.......oocovvviniiiieinns 04.7 0-02 003 235 7.5
Amalgamation tailing from products.......}.......... 0-08 (121 1 1S
Distribution of gold: Inamalgam.....ocoeviviiiiiniinrecininenenas 89-7 per, cent
flotation concentrate oo 749
flotation tailing.........cooviiiii i 2:4 ¢
B ST 05 N 976 ¢
Test No. 7. Amalgamatwn Flotation, and Tabling
Assay Per cent of values
Product Weightg Y e
per cen u u
oz/ton | per cent Au Cu
Flotation concentrato. ieeeierserernrnneeens 52 1.12 6-96 715 93-9
Table concentrate......oveiiiiiiiieiinnne, 3-8 0-28 0:09 13-0 09
Table tailing..ovveiiiernennannne.. 54-2 0023 0-01 15-4 1-4
Slimes......... 36+8 tr. 0:04 |.....unne 3.8
Amal. tailing from’ products.. e e N PR 0-081 (121 P
Table tailing screened on 200 mesh— i ‘
H200. 000t ieerenaes 15-3 0-04 0-01 265 15.0
=200, 000ttt iiiani e ireraaraas 84-7 0-02 001 735 85.0
Averngo tailIng. v vereiirenerrnenrernrnraneos 0-023 001 |........ Y PN
Distribution of gold: In amalgam............. verensererersasensnass 9040 per cent
flotation concentrate..ccvvvesnenn. R £ I
table concentrat®..covvvvrierenirrnieriniies 104
wbletailing. P £1: S

ReCOVEIY.vivriiaernnenennnreenieninnss et reree i tes ey 98.6 ¢
Head samyple tests Nos. b-T7: Gold 0 78 0z. /ton Copper, 0-40 per cent,
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Test No. 8. Siz-cycle Cyanidation Test

A six-cycle cyanide test was made to obtain some data on the follow-
ing points:

1. The cyanide and lime consumption.

2. The amount of cyanide soluble copper.

3. The effect of the fouling of solution due to presence of copper on
the dissolution of gold.

The procedure was as follows:

For eycle No. 1, six pebble jars were used for grinding the ore. Each
jar was charged with 750 grammes of ore at —20 mesh. The grinding was
done in 1:1 pulp with lime equivalent to 2 pounds per ton added to mill.
The ore for cycle No. 1 was ground in water, that for all other cycles in,
solution from previous cycle.

For cycle No. 2, five lots of ore were used and for each succeeding
cyele one lot less than for the previous one was used. Thus, for eycle No.
6 one lot of ore was used.

On completion of the grinding the pulp was washed into small glass
agitators and agitated for 48 hours in 1:2.5 pulp. The cyanide strength
was maintained at 0-075 per cent KCN by additions of cyanide twice each
day. The protective alkalinity was kept at approximately 0-02 per cent
Ca0. Any solution withdrawn was replaced by solution from the previous
cycle. After 48 hours’ agitation the contents of each agitator were com-
bined in a pressure filter and washed. The amount of wash solution used
was based on 450 c.c. for every 750 grammes of tailings. The 450 c.c.
consisted of 150 c.c. 0-05 per cent KCN, 150 c.c. 0-025 per cent KCN, and
150 c.c. water. The washings were combined with the pregnant solution
for the succeeding cycle. Precipitation of the gold was not attempted
between cycles. The solution from each cycle was analysed for copper
content. On the completion of cycle No. 1 it was realized that the free
gold interfered with the results, as it settled out in the agitators and made
the results erratic. It was, however, decided to continue the work to obtain
information on points 1 and 2. Head sample: gold 0-78 oz./ton; copper
0-40 per cent.

Tailing | Extrac- Reagents used Cu
Cycle | assay tion, 1b./ton grm,/l. _
Au per cent, in
oz./ton KCN I Ca0 solution
1 0:20 74.46 2-67 3-41 0-1207
2 0-37 52.6 3-41 2.48 0-2406 [Ore 2% +-200 mesh.
3 0-39 500 2:64 2:52 0-3422 [(Ore 2% 200 mesh.
4 0-31 602 2-77 2:03 0-4180 [Ore 0:79%, 4200 mesh.
5 0.27 65-4 2:90 1-96 0-4810 {Ore 1:19% 200 mesh.
6 0-10 872 2-78 2-20 0-5120

The extent of the interference of free gold is shown by the following
results taken from cycle No. 4 as being typical.
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Cyanide tailing before amalgamation—

Weight, Assay Per cent
Mesh per cent Au of
oz./ton values

200, et e 07 15-71 35+6.
FE 1 | R 99.3 0-21 644
3 72 TP T TR 0:31

Cyanide tailing after amalgamation.............oocoiieinin 0-077 oz./ton.

Gold amalgamation. . ..o v iee ettt 75-2 per cent.

Test No. 9. Cyanidation Tests in Winchesters

A sample of 900 grammes of the ore at —20 mesh was ground in & pebble
mill with 1 pound lime per ton. The pulp was filtered and divided into
about three equal parts. One part was used for a head sample and each
of the others put into a winchester bottle and made up to 1:2.5 dilution
with the clear filter solutions. The cyanide strength was 0.075 per cent
KCN and strengthened after 24 hours’ agitation. The protective allkalinity
was approximately 0.-02 per cent CaO. Time of agitation 48 hours.

Results:

Assay
Part Mesh Weight, Au Per cent
per cent oz./ton of values
(1) |Head sample after grinding screened on 200 mesh.
200 | 68 2:22 31-0
3.2 0-36 69:0
0-48
0-12 280
0-02 7240
0-026
0-044 1344
002 86+6
1 Y A e 0022
Reagents used
. Assoy Extrac- %b./ton !
Port tion,

Head |Tui1ing percent | KCN CaO .

62 S R PR 0-48 0-026 94-5 1.90
622 7S PR 0-48 0-022 95-4 2-27

w
cron

Test No. 10—Amalgamation and Cyanidation (Three Cycles)

Cycle No. 1. Three lots of ore, each 900 grammes, were ground to:
about 5 per cent 4200 mesh, then amalgamated one hour with 90 grammes.
of mercury in a 1:1 pulp. The amalgamation tailings were dewatered and.
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agitated 48 hours in 0-075 per cent KCN and 1:2 pulp. The washings
were not united with the main solution. The tailings from the three
agitators were screened on 200 mesh and assayed separately.

Cycle No. 2. Two lots of ore each of 900 grammes at —20 mesh were
ground and amalgamated as in eycle No. 1. After dewatering the dilu-
tion was made up to 1:2 with solution from cycle No. 1. The agitation
period and conditions were the same as in No. 1.

Cycle No. 8. One lot of ore of 900 grammes was used for this cycle,
otherwise procedure was the same as for No. 2. The solution from each
cycle was analysed for copper and nickel.

Results:
Cycle No. 1—Tailings sereened on 200 mesh.

Assay
Part Mesh Weight, Au Per cent —_—
per cent | oz./ton | of values
A 56 0-18 21-2
94.4 0-04 78-8
.......... 0-048
B 2-9 0-58 30-2
97.1 0-04 69-8
.......... 0-056
C 3.3 0-04 6+3
96-7 8831 93-7 |Average tailing 0-0417 oz./ton.

Reagent consumption, [b./ton.

Part KCN CaO
A 2+60 2-84
B 2-67 3:10
C.ure . 2-67 3-00
AVEIOZB v vt v iv e v ettt et e e e e 2+65 2-98
Cycle No. 2—Tailings screened on 200 mesh.
Assay
Part Mesh Weight, Au Per cent —_—
per cent | oz./ton | of values
A 200000 4.8 0-13 246
=200, 00iunieiiiiin 95.2 0-02 754
AVETAZO. .o ovvvvriaernfeennninins 0-025
B [H200.......000vvninnnn 4.8 0-07 17.1
=200, .00iiiieiiiiii 95:2 0-01 82-9 |Average tailing 0-018 oz./ton.
AVerage......ovveeevnforuiniiin 0-011
Reagent consumption, 1b./ton.
Part KCN Ca0O
2:40 3.97
2423 3:45
2:31 3:71




73
Cycle No. 3—Tailing screened on 200 mesh.

Assay
Mesh Weight, Au Per cent
per cent oz./ton of values
00, v e e e e 4.8 0-06 13.1
00 iy e e e e 052 0-02 86-9
AVOTB . . tvr it ittt iireieriniaereieen 0-022
Reagent consumption, lb./ton.
KONttt ittt et 2:12
(776 3.64

Summary—Head sample: Au 0-78 oz./ton, Cu 0.40 per cent, Ni 0.009
per cent.

Tailing, Reagent consumption Analysis solution
Cycle average | IExtraction, (average)
assay per cent

KCN Ca0O Cu, grm./1.| Ni, grm./l.
N 0-021 97.3 265 2-98 0-11 0-0031
vt 0-018 7.7 2.31 3.7 0-21 0-0042
2 0-022 97-2 2:12 3.64 0-28 0-0064

CONCLUSIONS

Concentration: Good recoveries were made by flotation and tabling.
The ratio of concentration is 1:10. Flotation alone is not sufficient to
. recover the gold. A good recovery of the gold remaining in the flotation
tailing is made in table concentrate. The flotation concentrate,-uncleaned,
contains about 10 per cent copper, which when cleaned would be doubled
with an increase in the gold content. This would make a good smelter
product. If this method were employed the table concentrate from the
flotation could probably be successfully cyanided as its copper content is
low, 0-16 per cent.

Amalgamation: Amalgamation gave very good results on this ore,
85 to 90 per cent being recovered by thig treatment.

Amalgamation and Concentration: Amalgamation, followed by
tabling, recovered 93.7 per cent of gold. The concentrate is low in both
gold and copper—only ‘30 per cent of the copper present is recovered.
When amalgamation is followed by flotation, good recoveries in both gold
and copper are obtained. The flotation concentrate is higher in gold than
that from the table. The grade of this concentrate could be considerably
increased by a cleaning operation. When amalgamation is followed by
flotation and tabling, 98.6 per cent gold and 94.8 per cent copper are
recovered. The table concentrate is very low in grade,
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Cyanidation:

1. Eztraction. The extractions in test No. 8 were very poor, due to
presence of free gold. In test No. 9 where bottles replaced agitators the
extractions were greatly improved, 94 to 95 per cent being extracted. In
test No. 10 where amalgamation preceded cyanidation, 97 per cent gold is
recovered. The free gold would not interfere in large-scale operations.

2. Reagent Consumption. Two to three pounds of cyanide were used
in all tests. The tests conducted in bottles showed a lower consumption
than those in agitators. The ore was overground, which increases the con-
sumption. Copper is the main cyanicide, though some nickel enters the
solutions as shown in test No. 10. Two to nearly four pounds of lime were
consumed to maintain a fair protective alkalinity. Good settling was
obtained in the agitators when about three pounds per ton were used.

3. Fouling of Solution. Where agitators are used about one-tenth of
a gramme per litre of copper appears after the first cycle, which gradually
decreases until in the sixth cycle when three one-hundredths gramme per
litre is the amount dissolved. On the completion of the sixth cycle 0.512
gramme per litre copper was present in the solution. This would represent
a little more than one pound per ton of solution. Fineness of grinding is
a big factor in the amount of soluble copper in a cyanide solution. While
nickel enters the solution, it is of secondary importance, the copper being
the greater cyanicide. From the above tests, amalgamation followed by
flotation appears as the most satisfactory method of treating this ore.
The operations would not be effected by a possible increase in the copper
content with increase in the depth of mining operations. The problem of
the disposal of the concentrate is the chief objection to this method.

The ore is apparently amenable to cyanidation, with a fairly high
consumption of cyanide, but there is a possibility of the interference of
the copper in the extraction and precipitation operations. Should this
occur, running to waste of a certain amount of the solution might be suffi-
cient remedy. At any rate it would prevent indefinite accumulation of the
copper.

Report No. 257

CONCENTRATION AND SEPARATION OF THE VALUES IN A LEAD-ZINC
-GOLD-SILVER ORE FROM BUNKER HILL CLAIMS, ALICE
ARM, BRITISH COLUMBIA

C. S. Parsons

Shipment. A shipment of 200 pounds of ore was received October 16,
1926, from Edgar Trethewey, Alice Arm, B.C. The sample was from the
Bunker Hill claims, Alice Arm.,

Characteristics and Analysis of Sample. The sample received was a
heavy sulphide ore containing galena, zine blende, gold, and silver. The
analysis of the sample was as follows:

<7 7 P 12+72 per cent
D721 T N 7-63 «
Gold. . o e e 028 oz./ton
S F U2 17.98 ¢
T Oms vt ittt e e 2867 per cent

516946
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Purpose of Tests. The purpose of the experimental tests which follow
was to determine a method of concentration and separation by which
marketable lead and zinc concentrates would be produced. The recovery
of the gold and silver values presents the most difficult problem and con-
siderable experimental work was performed in an endea,vour to increase the
recoveries of these two metals.

ExperIMENTAL TmsTS

Tests Nos. 1 to 5 were a series of flotation tests, and tests Nos. 4a and
5a were made in an attempt to recover part of the gold remaining in the
flotation tailings. In the selective flotation tests 1,000-gramme samples
were used; these samples were taken from the original large sample which
had been crushed to -14 mesh. The general procedure followed in making
these tests was to grind the ore in a small ball mill with certain reagents and
float first for the lead and then for the zinc after the addition of otler
reagents.

Reagents
Test No. 1
Soda carbonate....ovv i 6:0 lb./ton }Added to ball mill.
Sodium cyanide.......ovvii i e 0-25 « Time contact 20 mins.

Nore.~When tested before flotation the pulp was found to be acid.

Iead flotation—
Soda carbonate...cooveiiiiiiiiiiiiiiins 3+0 Ib,/ton
Phospho-eresylic.cvoveer e iineninenraens 015 «
Zine flotation—

gogg carb({nﬁt% ........................... ;8 :I Ti{)n? corgaacg‘ of 3 mins.
odium sulphate......ocoevenineiernaenes . efore floating.
Copper sulphate.........coovviieniiiiin 2.0 «
Xanthate 0-2 «
Pine oil to froth
Test No. 2
Soda carbonate.......... e esreeeienaae ... 6+01b./ton 1Added to ball mill,
%od(ai s&llghg_te ................................. 2.0 ¢ "ime contact 25 minutes.
ead flotation—
Soda carbonate....o.ovvviiiiriiieiiiian.. 2:0 1b./ton
Phospho-cresylic....ovuviveeiiiniiininnns 015 «
Zinc flotation—
S0da aShe s vt rieriiiii e i e 1:01b, /ton Time contact of 3 minutes
g]{op%%r iulphnte.. ......... Ceieeaaes RPN g l2) M before flotation.
anthate..ooee venvenn.. e eeerreereieanes .
Test No. 8.

A duplicate of No. 2, but with 2 pounds additional soda ash added to ball mill,
making 8 pounds,
Test No. 4.

A duplicate of No. 1, but adding 10 pounds per ton of soda ash to ball mill and
no additional soda ash to cells,

Test No. 6.
The ore was ground finer in this test.
S0da a8l ci i e, 12-01b./ton | Time contact in ball mill
Sodium eyanide......viiieeeerriiiiriiinnnin.s 04 “ 30 minutes,

Lead flotation—

Pliospho-cresylic. . covivevreinniniiranennns 0-15 1b./ton

Zine flotation—
Copper sulphate... “ Time contact of 3 minutes
Xanthate.......... “ before flotation.
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Test No. 6a. A cyanide test was made on the tailing from test No. 5.
The extremely basic nature of this ore causes high consumption of cyanide;
so that the ordinary method of 24 to 48 hours’ contact is not practical. It
was hoped that the gold and silver remaining in this tailing might be in
such a form that would go into solution rapidly and that a 60 to 75 per
cent, recovery might be obtained in a few hours’ contact, which would keep
the consumption of cyanide within economic limits. The following test
was, therefore, made with this idea in view:

Amount of flotation tailing used
Pulpmadeupto......covvvrenniennrinnnrnenes
KCN (0-1 per cent).
Lime (5 1b./ton)..... ..
Time eyaniding......oovveviierreeniiiinirarenniens 4 hours
Cyanide consSumption........o.vvvuervienenrninnns. 2-16 1b./ton
Lime consumption...............o.ovveenns e 249 “

Assay of flotation tailing (cyanide head)....
Assay of cyanide tailing (4 hours’ contact)... e
Extraction by cyaniding.........cooovvviiiiiiiii, 23 per cent

500 grammes
.12

0-78 gramme NaCN
1.25 « Ca0
0-16 oz./ton

0-12

Screen Test on Cyanide Tailing:

Assay
Mesh Weight, | Weight, Au Content | Per cent
grms. | per cent | oz./ton of values
200, it i e b7.5 11.3 0-17 1.58 12.9
B 11 T 4500 887 0.12 1064 87:1
SUMMARY

Five flotation tests were run, one table test on the flotation tailing from
test No. 4, and a cyanide test on the tailing from test No. 5. The table
test and cyanide test were run in order to determine if part of the gold
remaining in the flotation tailing could be recovered. In the first four
flotation tests the ore was ground to approximately —65 mesh, 75 per cent
passing 200 mesh. In the fifth test the ore was ground finer so that 87 per
cent passed 200 mesh. Two different depressant reagents were used for
the zinc and iron, namely, sodium cyanide and sodium sulphite.

CONCLUSIONS

The best practice indicated by these tests points to the production of
a lead concentrate high in iron sulphides in order to recover ag much gold
as possible. A grade of 50 per cent lead seems to strike a balance. The
lower the grade of lead product, the greater the loss of zinc in that product.
The tests indicate that 90 per cent of the lead may be recovered in a con-
centrate containing 50 per cent lead, and 85 per cent of the zinc in a con
centrate containing 45 per cent zine. The grade of the zine concentrate
can without doubt be raised to 48 or 50 per cent by cleaning, without
affecting the recovery. Approximately 50 per cent of the gold and 80 per
cent of the silver can be recovered in the lead concentrate. The silver
reporting in the zinc concentrate can also be considered recovered. The
gold in the zine concentrate is too low to be paid for by the smelter.

516040}
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In regard to reagents, there is very little to choose between the use of
cyanide and of sodium sulphite. Cyanide seems to be slightly the better
reagent. Time contact of these reagents is essential, and a mill will require
surge tanks to obtain at least 30 minutes’ contact before the lead flotation
and 10 minutes between the lead and zinc flotation.

The table and cyanide tests for the recovery of the gold and silver in
the flotation tailing were not successful. These values are evidently locked
up in the pyrite.

Results of Flotation Tests

Weight| Assays Percentof values
Test Produet, per
No. cent | Pb Zn Au Ag Te
percent|percent|oz./ton|oz./ton|percent| Pb | Zn | Au | Ag
1 |Lead concentrate......... 13.2( 72.23| 0-20 0.52| 81-20] 6-84(75-2| 0-4]25.7(60-8
Lead middling.... 10-6} 12.27 7.47] 0.66f 30-3 | 29.88[10-2/11.0[26.3|18-2
Zino concentrate 13.8] 5-48 44:950 0-02f 10-02] 12.27f 5.7|82.8} 1.0] 75
Zing tailing. . 62-9 1.31 0-67| 0-20] 3-82| 34.86| 8-9| 5.8/47-0{13-5
2 [Lead coneentrate 22.9] 45-30 867|139
Zinc .. .. 132 6-69 7+4166-0]
Tailing....oooovivniennnns 63-9( 1-10 5.9{20-1
3 Lead (:Oncentrate ......... 19.2] 69-90 85+3| 9-0[(47-7|79-4
ine ¢ L 14-0[ 3-62 3.8|85-8| 8.4 5:9
Tailing. . .ovvviiinneeneen, 66-8( 2-20 10.9] 5-2{43.8/14.7
4 |Lead concentmte ......... 20-51 62-0 02.1| 7-6|54-9{82-7
Zine Lo 15-9 1.51 1-7|187-9| 9-4| 4-4
Tailing....ooovvveernennns 63-6| 1:35 6-2| 4-5(35-7]112-9
Tabling flotation tailing— :
4a | Table concentrate....... 2000t el 0-22( 2-48|....... coodf....80:2[15-1
“  middling... S 7 | PR PR 0.10 covi]e...|2844/25-8
“  tailing. PEEE:] (A I 014 ceveeen ool 2271749
“  slimes. 207 0.16f 6-20....... oo 123.741-2
5 |Lead concentmte 23+2] 49-29| 4-64f 0-52] 654 ]....... 01.7/14-6{49.0[83-2
Zine . . 14.4f 2.21 41.53; 0-18] 8:58....... 2+6(81-0{10-5( 6-8
Tailing,.....oovveevvienn 62-4] 1.13) 0:52| 016 2-94]....... 57| 4-4[40-5/10-0

Report No. 258

CONCENTRATION TESTS ON ORE FROM THE GIANT MINE, SPILLA-
MACHEEN, BRITISH COLUMBIA

C. S. Parsons

Shipment. A shipment of 55 pounds of ore was received October 19,
1926, from the Pacific Mines, Spillamacheen, B.C. The sample was from
the Giant claims.

Characteristics and Analysis. The sample received consisted of galena
associated with a barite gangue. Analysis:

10-1 per cent
trace

nil

1:36 oz./ton
47.10 per cent
36:10
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Purpose of Tests. This ore contains two marketable minerals, namely,
lead and barite (barium sulphate). The tests which follow were made for
the purpose of determining economic methods for concentrating these two
minerals into marketable products.

Experimental Tests. Tests Nos. 1, 2, and 4 are flotation tests made for
the recovery of the lead. The procedure followed was to grind the ore in
a small ball mill and float in a laboratory flotation machine. Two table
tests were also made for the recovery of the barite in the flotation tailings
of tests Nos. 2 and 4. An elaborate gravity test was also made on the crude
ore to determine whether a lead and barite concentrate could be obtained
on tables. Ore at —14 mesh was classified in an hydraulic classifier into
three products, each of which was tabled. The separations obtained were
very poor, practically no separation of the barite resulted. The lead con-
centrates were of poor grade and the recovery was low. The assay results
on this test are not given.

Results of Tests

Assays Per cent of values
Test Produet Weight,
No. per cent | Pb per cent| Ag oz./ton Pb Ag
1 |Lead concentrate.......... 18:0 54+24 6-60 99-4 90:6
Tailing,..o.coovvvvinininn. 82:0 0-07 0-15 0-6 9.4
2 |Lead concentrate.......... 21-5 42:75 ...l 04.7
Tailing..ooooveeerneninnnns 8B fovervvveendviviniiii]oeniin.,
4 |Lead concentrate.......... 7.5 76+85 4.10 58-8
Lead middling............ 9.9 31.78 452 377
Tailing. .ooovvvverennnn, 82.6 096 |.oevrninann. 8:5
Table Tests on Flotation Tailings:—
2a [Barite concentrate........ 19.7 93.4 9% BaSOs |Recovery: 14-8 tons per
Middling.......coovvvinnns 30-0 31.8 “ 100 tons ore.
Tailing......oo0vnvenenins 50+3 45.4 “
4p |Barite concentrate........ 246 91-5 «“ Recovery: 19+5 tons per
Tailing,.ooocoveevvnanns 754 33-28 “ 100 tons ore,

SUMMARY AND CONCILUSIONS

The lead in the ore can readily be concentrated by flotation. In
the above tests the ore was crushed to 65 mesh.

The recovery of the barite is more difficult. A clean white product
can, however, be tabled from the flotation tailing which runs high in
barium sulphate. In practice on large tables, considerably more barite
should be recovered. These tests show that between 15 and 20 tons of
barite, 90 per cent BaSO,, can be obtained from 100 tons of ore. In
practice this could probably be increased to 25 tons.
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Report No. 259

THE CONCENTRATION OF A GOLD-COPPER ORE FROM ENGLISH
BROOK DISTRICT, EAST CENTRAL MANITOBA

J. S. Godard

Shipment. A shipment of 70 pounds of gold-copper ore was received
at the laboratories from A. McDonald, 905-908 McArthur Building, Winni-
peg, November 19, 1926. The ore was from the English Brook district, east
central Manitoba.

Description of Ore, and Assay. Gold, free and associated with
small quantities of chalcopyrite, pyrite, and arsenopyrite. Gangue, sili-
ceous. Assay of the head sample:

o) 1 S N 0:14 oz./ton
83 e, 03¢ “
{073 1713 0:49 per cent.

Amalgamation Tests

(A)—Amalgamation at 65 mesh,
Screen Analysis of Amalgamation Tailing—

Weight, | Assay Per cent
Mesh - per cent Au — of values
oz./ton
1.8 0-065 2.2
12.7 0:00 14-0
233 0:04 17.1
11.5 0:05 10-7
50-7 000 56-0
Assay of tailing.....ovvviiiiiiiiii i e e 0-054
Assay of head sample....oocvveiniiiiiiiiiiiiiniecnsiiiiiinen 0-14
Peor cent gold amalgamated........oooovviiiniinnndinn e e

(B)—Amalgamation at 20 per cent 4200 mesh.
Screen Analysis of Amalgamation Tailing—

Weight, | Assay Per cent
Mesh per cent Au — of values

oz./ton
B L S NP 0-006 1-1
| . . 0-00 789
Assay of tailing........... . 0-06
Assay of head sample e . 0-14
Per cent gold amalgamated......ooviviiivinii i iiiiniinnfociinin
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Concentration Tests (flotation and tabling) :

Asgsays Per cent of values
Test Product Weight‘,3 n s
per cen u u
oz./ton | per cent Au l Cu
A |Flotation concentrate............ 3.9 2-80 10-5¢ | 68-915, o 88-1}89_4
Table concentrate............... 4.4 0-79 0-14 2240 13
Table tailing.........covvvvnenes 663 0-018 0-04 75 5.7
$1111: PN 25+4 0-01 0-09 1-6 4.9
Head from products............ Y 0-16 0-47
(Flotation concentrate contained 2-58 per cent As)
(Table « “ 064 “  As)
Table tailing screened on 150 mesh—
+150... Ceerecesnananrans . 20-3 0-01 0-04 11-3 20-3
—150.,. Ceerrreesarasanas 797 0-02 0-04 887 797
Asgsays Per cent of values
Test Product Weight, n s
per cent u u
oz./ton | per cent Au Cu
B [Flotation concentrate............ 4.2 3:00 10-24 83.2194:3 | 93:5\94.4
Table concentrate............... 8-4 0-20 0:05 11-1 0:9
Table tailing....coococvevneenn.n, 562 0-01 0-026 3.6 2.8
1S B3 17 F N 32:2 0-01 0-04 2-1 2.8
Head from produes.......o.ovvnfvereennn. 0-152 0-46
Table tailing screened on 200
mesh—
F200.. .. i 25:9 0-01 0:03 95-9 34.5
=200, e eennieie s 741 0-01 0-02 741 65:5
Amalgamation and Concentration Tests:
Results of Concentration:
Assays Per cent of values
Product Weight, . s
per cent u u
oz./ton | per cent Au Cu
Flotation concentrate......oo.ovvviivniiunn. 3.4 0-78 10-98 48-6 85+5
Table concentrate.. 21 0-44 0-29 16-8 1.4
Table tailing . 62-7 0:02 0-03 229 4.3
Slimes......... 31.8 0-02 0:12 11.7 8.8
Head sample (amalgamation tailing) fro
DPPOAUCES. vt v vvevvrenevteereannnennrens|iaenarinn 0-055 0-44
Distribution of Values:
N Gold, Copper,
per cent per cent
Inamalgam............coooevvienninns 60-9 ol
In flotation concentrate 18.7186-4 85+5:86+9
In table concentrate....ovo .. vivvinieeeieiieiniiinnainnn. e 68 1.4
Intable tailing....oooovveevr o .. 8.9

TN SIS, e 4.7
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SUMMARY AND CONCLUSIONS

The ore of this shipment can hardly be considered of economic grade.
The tests indicate two methods of treatment, namely: concentration by
flotation and tabling; and amalgamatlon followed by flotation and tab-
ling. Given an ore of econmomic value possessing the same character-
istics, the second method would probably be adopted, as an appreciable
recovery of gold values could be made at the mine by amalgamation and
cyaniding the table concentrates, leaving only a flotation concentrate
carrying the copper values to be shipped to a smelter. No straight
cyanide tests were made, as cyanidation of a gold ore containing 0.5
per cent copper has not been a commercial success to date.

Report No. 260
GRINDING TEST ON ROSEDALE BENTONITE
R. K. Carnochan

Preliminary Crushing. A lot of 2,135 pounds of bentonite from the
Rosedale Colliery Company, Rosedale Alberta, was crushed in a No.
103 Austin gyratory crusher. The feed was in lumps, the largest of’
which were about 6 inches in their greatest dimension. The crusher
was set at l-inch opening and gave a ~—14-inch product. The crushing
time was 2 minutes, 50 seconds. This is a capacity of 23 tons per hour.
The discharge of the gyratory was crushed to —% inch in a No. 00
Sturtevant hammer mill fitted with a f-inch grate. The crushing time
was 54 minutes. This is a capacity of 1.2 tons per hour.

Fine Grinding. The hammer mill discharge was fed to a No. 0000
Raymond pulverizer. The Raymond product was separated in a 30-inch
Gayco air separator, the oversize from the separator being fed back to.
the Raymond as produced. The Gayco fines were finished product and
tested 99.99 per cent —200 and 99.85 per cent —325 mesh. In colour
they were a very light fawn. The capacity of the Raymond and Gayco
on this material is about 50 pounds per hour, with about 20 pounds of
Gayco oversize being returned to the Raymond per hour.

Observations. It was noticed that when all the fresh feed had been
fed to the Raymond and nothing going into it but the Gayco oversize,
the Gayco fines became grey in colour. In cleaning out the Raymond
a large quantity of coarse sand was found in the beater chamber. To

" determine just what was taking place, samples of the different pro-
ducts were taken and analysed for non-colloidal material. This non-
colloidal determination is made by diluting very highly and filtering,
the material not passing the filter being non-colloidal. The following:
results were obtained:

Per cent
non-colloidal
Feed t0 Raymond...ccoeveiviiierninnieenrnninnernenns e 1293
Gayco fines Esample wholertn) .. ..o 9:24
Gayeco fines (sample near end of TUR)....vvvierieriiiiiie e, 13.7
Coarso sand from Raymond......eeveerirrenitreiiininerrrenennneeans 92-6
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A study of the above leads to the conclusion that the grit builds up
to a certain extent in the circuit and then starts to grind up and go into
the Gayco fines.

When no fresh feed is going to_the Raymond the amount of grit in
the Gayco fines is greatly increased and as this grit wears the iron off
the beaters and beater chamber much more than the bentonite, the
Gayco fines become darker.

It might be possible to separate the grit out of the Gayco oversize
either by an air separator or screen before feeding it back to the Ray-
mond, and this would give a (Gayco fine product with much less non-
colloidal matter.

Report No. 261

EXPERIMENTAL TESTS ON WHITEWATER LEAD-ZINC TAILINGS
FROM RETALLACK, BRITISH COLUMBIA

C. S. Parsons

Shipment. A shipment of 65 pounds of lead-zine tailings was received
December 9, 1926, from M. S. Davys, Kaslo, B.C. This sample was from
the Whitewater tailing dumps at Retallack, B.C.

Characteristics and Analysis. The sample received was a tailing
from the early operations of a gravity concentration mill on the White-
water mine ore. The Whitewater tailing dump is of considerable tonnage,
lying in the bed of Kaslo creek, extending for about one-half mile below
the mine. The chief values are zinc and silver, but galena up to one per
cent is present, and also small values in gold. Part of the galena is
oxidized, making its recovery by flotation difficult.

Analysis of the Sample:

T 7 1.46 per cent
751 Y 6-66
£ 71877 Y 731 oz./ton

Purpose of Tests. The sample was submitted for the purpose of
having flotation tests made to obtain information as to the relative merits
of selective flobation as compared to bulk flotation followed by tabling to
separate the lead and zine in the bulk concentrate.

ExpERIMENTAL TESTS

The various tests will be described separately as each one was made
to obtain certain information to compare the different methods of treat-
ment,

Test No. 1

Selective Flotation. The crude tailings were crushed dry to 14 mesh.
A 1000-gramme sample was taken and ground in a small ball mill for 15
minutes.

Reagents:
Soda earbonate............c.oo 10.0 Ib /ton added to ball mill
Cyanide............... 0-25 15 mmutes conta.nt

Zinc sulphate..........
Phospho cresylic acid.. for lead flotation
Copper sulphate.....coovvoiiniivnninnnininenn.. . “ “ zine “
Xanthate.ouoveor v iiiiiineii e . “ o« “
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Results:

Assays Per cent of values

Product Weight,

per cent| Pb Zn Au Ag b Zn Au Ag

per centlper cent| 0z./ton]oz./ton
Lead concentrate. . 3.5 | 17:30| 24.111]........ 1275 40+5 12:2 [ooeennen 59:6
Zine concentrate...| 154 1.56 | 36-01 0:01 12-5 16-1 704 (... 25-7
© Tailing,........... 81-1 0:80 072 tr. 1-36 434 84 |........ 14.7

Tests Nos. 2 and 8

Two tests were made by floating a bulk concentrate containing both
the lead and zinc and endeavouring to make a selective separation on the
bulk concentrate The two tests were unsuccessful and the results too poor
to report.

Test No. 4

This is a selective flotation test using cyanide alone and adding it to
the ball mill. The zinc concentrate was cleaned.

Reagents:
Soda earbonato..eeeeeriieii it 10-0 lb./ton added to ball mill
0 )t L L U NN 026 ¢ “ “ “
Phospho cresylicacid........covvvvniiiiiiiennn 0-15 ¢ for lead flotation
Copper Sulphiate...ceeeviviieiiiiiiiiiiiiieains 15 3 minutes’ contact before
D3 1171 7 T A R 03 ¢ zino flotation.
Results:
Assays Per cent of values
Product Weighté b Z x Py
per cen n u e
per cent|per cent| oz./ton | oz./ton Pb I Zn Au Ag
Lead concentrate. . 39| 14.78 | 14-42 0-14 ] 112:38 40-3 80 ....... 60:9
Zine concentrate. .. 9.0 1.30 | 57-26 0.02 | 1278 8.2 BO0l....... 15:9
Zine middling . 4.6 30 20-52 tr. 1750 10-4 13:30........ 112
Tailing.......... Jq 825 0-72 0:49 tr, 1-06 411 [ 2 A PR 12-0

Test No. 6

The purpose of this test was to determine if a flotation concentrate
containing the bulk of the lead but only a small proportion of the zine,
could be taken off the cells, after which the zinc would be floated in the
usual manner by the addition of copper sulphate. In this operation the
copper sulphate used to promote the flotation of zine would not be added
until after the first concentrate had been floated. The advantage of such
an arrangement, would be that a smaller quantity of material would have
to be tabled for the lead and zinc separation—it being necessary to table
the first float only. The second float would, after cleaning, be a final zinc
concentrate. In this test the zinc concentrate was not cleaned. In prac-
tice this concentrate should be cleaned and the middling from the cleaner
cell be sent back to the head of the second flotation.




Reagents Used.:

Sodacarbonate..........ocoviiiiiiiiiiniiiin. 10:0 1b./ton added to ball mill
Acid creosote (D. T. & C. Co.)uvvvveerrininnnnn. 35  « “ “ “
Floated first concentrate with these reagents and then added:

Copper sulphate. 1-5 1b./ton, 3 minutes’ contact
D€ XY - USRI 0-4 “°  added to cell
Results:
Agsays Per cent of values
Product Weightt,; ) Z A i
per cen n u o
per cent|per cent| 0z./ton |oz./ton Pb ' Zn Au Ag
Lead concentrate. . 9.7 7-04 (| 23:70 0-02 | 48-18 45-9 3244 64:0
Zine concentrate,..| 11-6 2-06 | 37.76 tr. 14.64 16-1 62-1 |.. 23-5
Tailing............ 787 0:72 0:60 tr. 1-16 38.0 5-5 12-5

Remarks: It is difficult to see from the results of this test how it
would pay to table the second concentrate which only contains 2-06 per
cent lead. The extra loss of silver and zinc in slimes resulting from tabling
would also be considerable.

Test No. 6

On this test a bulk flotation of the lead and zinc was made, the con-
centrate being cleaned. The object was to obtain results by which this
method could be compared with the previous method of treatment.

Reagents Used:

Soda carbonate..............ooiiiiiiiii 12:0 1b./ton added to ball mill
Acid coal-tar creosote.............c.oviinanin.n, 036 “ “ “
Copper sulphate........c..ovvvivnrnniiiennnnn.., 1-5 “ 3 minutes’ contact
Kanthato..o.un e nie it i 0-4 “  added to cells
Pine 0il NO.b.vrvriiiieiiiiirieiiinrininnn.. 002 ¢ “ “
Results.
Assays Per cent of values
Product Weight, -y p Y ry
per cent n u 2
per centlper cent{ oz./ton | oz./ton Pb l Zn Au l Ag
Flotation concen-
trate......o000. 0. 110 5-03 { 6052 0-18 | 50-04 37-3 818 1........ 704
Flotation middling 5.3 4.43 | 17.26 0-12 | 24.16 15-7 13-4 }........ 163
Tailing............ 83-7 0-83 0-39 tr. 1.24 470 48 f........ 13-3

Test No. 7

The poor recovery of lead obtained in the previous tests indicated
that it was oxidized. This test was run using sodium sulphide to sulphi-
dize the oxidized lead. The ore at —14 mesh was ground for 15 minutes
in a ball mill with the following reagents:

Soda carbonate.. .......oveiii i e 12.0 1b./ton
0-35
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Then 2 pounds sodium sulphide per ton, caleulated as NayS, were added,
the pulp density being kept as thick as possible. It required 8 minutes to
consume the sodium sulphide. Since free sodium sulphide is detrimental
to flotation when present in the pulp, the pulp was tested with lead acetate
until no free sulphide was found. A selective flotation was then made,
advantage being taken of the selective action of sodium sulphide. A lead
product was floated which was not cleaned; cleaning, however, would
be necessary in practice. A zinc concentrate was then floated by the addi-

tion of:

Copper sulphate.. 3 g Ib.{‘ton. 3 minutes' time contact

Xanthate.,.......o.oues . . added to cells
Pine oil, approximately 0-02 ¢ to froth.
Results:

Assays Per cent of values

y Weight,
Product per cent] Pb Zn Au A

1
per cent|per cent| oz./ton ) oz./ton Pb Zn Au Ag

Lead concentrate. . 5.0 13.38 1 16-65 0-12 ) 6494 477 12+4 48-3
inc « .| 104 2.57 | 53-14 0-10 | 23-08 19:0 81.7 35-6
“ middling..... 3.5 221 4.53 0-01 9-07 5-6 24 |. 4-8

Tailing............ 811 0-48 020 | tr. 0-94 7.7 35 11-3

Test No. 8

In this test the ore was ground much finer before floating, the object
being to determine whether finer grinding increased the recovery of the.
lead. The same reagents were used, and the same procedure followed as

in test No. 7.
Results:

Assays Per cent of values

Weight
Product J
per cent| Pb Zn Au Ag
per eentiper cent{oz./ton | oz./ton Pb Zn Au Ag
Lead concentrate. . 11.9 8.35 { 16-08 010 { 44.34 68-8 204 f..ool 720
Zinc « . 77 1.51 1 54.6 0:04 | 15.64 81 632 {........ 16-7
“ middling..... 3+3 1.91 711 0:04 8-20 4.5 X1 T P 3.7
Tailing.,.......... 771 0-356 0:34 tr. 0-72 18+6 39 [.oonin 7-6
Test No. 9
This test is a duplicate of Test No. 7.
Results:
Weish Assays Per cent of values
. eight
Product per cent| Pb Zn Au Ag Ph Zn Au Ag

per cent|per cent| oz,/ton | oz./ton

Lead concentrate. . 6:5 | 11.57| 10:25 0-08 | 42-36 496 96 [oovuinn 36+6.
inc « .. 10:7 2:62 1 5418 0-04] 3126 187 840 ...vntn 44-9
“ middling..... 28 3.22 6:90 0-03 | 18-79 6.1 28 [iveiinn 7-2

Tailing,...ovovennn. 80-0 0-48 0-31 0-002| 1-00 250 36 ..., 113
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Test No. 10
This test is a duplicate of test No. 8.
Results:
Assays Per cent of values

Product Weight,

per cent| Pb Zn Au Ag
per centper cent| oz./ton|o0z./ton Pb Zn Au Ag
Lead concentrate. . 6-2 | 11.87 ) 10-25 0-08 | 42.48 49.7 L ET: 2 P 37-8
ine “ .. 10-7 2.67 | 55.33 0-04 | 30-52 19-2 861 (........ 46-8
“ middling..... 3-1 1-96 2:69 0-03 8.17 4.1 1.2 |oooeeee 3.6
Tailing............ 800 0-50 0-39 0-002 1.02 27-0 | 2. T 11.8

Test No. 11

The ore for this test was ground for 20 minutes in the ball mill. The
object of the test was to determine the effect of using sodium sulphide
when making a bulk concentrate which in practice would be tabled to
separate the lead and zinc.

Reagents Used.

Soda carbonate...........coveviniiiian... 12-0 Ib./ton added to ball mill

Acid coal-tar creosote............coouuin... 0:35 ¢ “ “

NasS (sulphidizing period)................ 2.5 « (approx. 8 b, commercial salt)
. 8 minutes’ time contact

Copper sulphate. veen 200 ¢ 2 minutes’ time contact

Xanthate... . added to cells.

Pineoil.vevieiniiiiinininiinna,, “ «

A bulk concentrate was made and cleaned with the following results:

Assays Per cent of values

Product Weight% — Z Yy ry
per cen n u’ z
per centfper cent| oz./ton | 0z./ton Pb | Zn | Au | Ag

[y

6-30 | 5177 0-26 | 40-54 | 55-8 | 88:5 |...... 72-2
448 711 0-22 | 15-32 | 182 | 56 }...... 2.7

I Iotz}‘tion concentrate...... !
043 0:50 0-025| 1.23 {260 5-9]...... 15:1

middling.........
tailing...........

DO T b
SO

“«

ol

Nore.—This test probably salted from high-grade gold ore.

SUMMARY

Tests Nos. 1, 4, and 5 are selective flotation tests. Test No. 5 re-
presents an attempt to gather the lead into a small weight of concentrate
by taking advantage of the natural property of lead to float more readily
than zine. This product, even under ideal conditions would run high in
zine and would have to be tabled for the lead. The advantage to be gained
by such practice is that the main bulk of the zinc is floated afterwards
and does not have to be tabled. Test No. 6 is a straight bulk flotation
test, the object being to determine the grade of concentrate and recovery
which should be readily obtained in practice. Tests Nos. 7 to 10 are
selective flotation tests in which the oxidized lead was sulphidized by the

S
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use of sodium sulphide. In test No. 10 the ores were ground finer than
in the other three tests. Test No. 11 is a bulk flotation test in which the
oxidized lead was sulphidized and then floated in bulk with the zinc.

CONCLUSIONS

It can readily be seen that selective flotation is not feasible on these
tailings. The principal reason that they do not respond, is the oxidized
condition of the lead. Test No. 6 represents ordinary bulk flotation prac-
tice and the results can be used as a basis of comparison when considering
the results of other tests. This test shows that a 50 per cent zinc concen-
trate can easily be produced by one cleaning. The recovery of the zinc
is high (81-8 per cent in the concentrate and 13-4 per cent in the middling),
which in practice is continuously returned to the feed to the cells. This
means that a 90 per cent recovery of the zine can be obtained in practice.
The silver recovery is high showing 70-5 per cent in the bulk concentrate
and 16-4 per cent in the middling. It is not safe to assume over a 50 per
cent recovery of the silver in the middling, so that 78 per cent total recovery
is about the maximum. The lead recovery is low, 37-3 per cent in the
concentrate and 15.7 per cent in the middling. The total recovery can
be assumed at 45 per cent in a bulk concentrate assaying about 5 per cent
lead, 50 per cent zinc, with 50 ounces of silver. This bulk concentrate
would have to be tabled to separate the lead, and the table losses cannot
be determined by small-scale tests. As this is the practice at present used
on this material the operators can form a close estimate of what they will
be. )

By comparing the results of tests in which sodium sulphide was used
for a sulphidizer, 1t will be observed that in every test the recoveries of the
three metals are higher. Tests Nos. 7 and 9 are duplicate tests. A select-
ive separation was attempted in these tests by the use of sodium sulphide
sulphidizing for the oxidized lead. These tests show rather promising possi-
bilities. There is a slight variation in the results of the two tests. More
of the silver reports in the lead product in test No. 7 than in test No. 9.
Test No. 9 gives the better figure to use in any calculations made, to deter-
mine the commercial possibilities of this separation. Tests Nos. 8 and 10
are duplicate tests and ave similar to tests Nos. 7 and 9, with the excep-
tion that the feed was ground much finer. Test No. 10 represents the bet-
ter practice of the two on account of the flotation of the lead product in
test No. 8 being carried too far, which forced considerable zinc into it. The
results of test No. 10 are practically the same as those of test No. 9, which
shows that finer grinding is not necessary.

The operator can use the results obtained in tests Nos. 7, 9, and 10
to calculate whether the production and marketing of a lead product by
this method will increase the value of his ore sufficiently to compensate
for the cost of the additional equipment required. It should be kept in
mind that the lead in this concentrate is really recovered, while the lead
recovered in the bulk lead and zinc concentrate of tests Nos. 6 and 11 will
be subjected to further loss when tabling to produce a lead concentrate.
The additional equipment required would consist of a surge tank to give a
time contact of 10 minutes for the addition of sodium sulphide; extra cell
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capacity for flotation of the lead rougher concentrate, and a cleaner cell
for cleaning the lead concentrate. Ample capacity should be allowed
when figuring on size of lead cells as the material floats slowly.

Test No. 11 represents the use of sodium sulphide sulphidization for
the production of a bulk lead zinc concentrate. While the writer has no
cost figures available to estimate the returns from such a product sent
direct to the smelter, this practice looks the most promising. The addi-
tional equipment required would be a surge tank for a 10-minute contact
of sodium sulphide, and additional cell capacity for cleaning the con-
centrate. If Callow cells are used for the cleaners, they should be short,
not over 8 feet in length, and preferably of the flat-bottom type (this
applies to cleaner cells only). For the production of the low tailing
obtained in these tests the present cell capacity for the production of the
rougher concentrate should at least be doubled.

It will be observed that all the tests were made on the crude sample.
It is understood that the practice used at present is to jig the crude
material and collect a concentrate through the hutches of the jig, which is
then reground and floated. It would appear that there must be considerable
< loss of lead by this practice because a large part of the lead in the crude
material is present as slime.

In conclusion, the writer wishes to state that it is impossible to make
any definite recommendations without a careful study of all the costs of
milling and the freight and treatment charges on the products.

Report No. 262

EXPERIMENTAL TESTS ON A SPECIAL SAMPLE OF CYANIDE TAILINGS
FROM DOME MINES LIMITED, SOUTH PORCUPINE, ONT.

J. 8. Godard
Shipments. A shipment of 350 pounds was received December 10,
1926.

Characteristics of Sample. The sample was of a special high-grade
cyanide tailing from the Dome Mine mill. It consisted of about 10 per cent
sulphides as pyrite, and assayed 0.027 ounce gold per ton.

Purpose of Tests. The purpose of these tests is ;co ascertain if the
pyrite, which contained the gold, could be concentrated by flotation.
ExprrivENTAL TESTS

Two small-scale flotation tests were made in a laboratory Ruth
magchine.
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Results:

: Assay Per cent
’Ill?gt Product v‘éilg};fé Au of
' perc oz./ton values
1 [Coneentrate. .. .o.oveiiieeiriirsiiirnnriieananens 13-1 0-18 576
1 1 VP 86-9 0-02 42-4
2 {Concentrate. . ..vvvie ittt i 11-1 0:20 55.5
L5111 88-9 0:02 44.5
Reagents Used.
Test No. 1—
Soda ash....... ey 2+0 lb./ton, ground 15 minutes in ball mill.
Xanthat .o 015 ¢ “« “
Xylidine...... 2 drops « «
Copper sulphate .. 040 lb.‘/ton added to cell.
Pine 0ileeeeneirerreoerenrenarseniainns 010 ¢ «
Test No. 2—

Xanthate All ground 15 minutes in mill.,

Iphate....

B o No v

Test No. 3 was made on 180 pounds of the tailings. This was fed to

a small grinding unit and a rougher concentrate made in a Callow machine.
The rougher concentrate was cleaned in batch lots in a small Ruth machine.

Results:

Assay,
Test Product Weight, Au Per cent
No. per cent oz./ton of values
3 |Concentrate . 9.4 0-14 49-3
Middling...... . 1344 0-03 15-1
Clean-up... . . 10+4 0-04 15-6
B 7 13 NP 66-8 0-008 20-0
Reagents:
Soda ash...vvive i 50%)\ o. .
Coustic S0da. oo vvivreiiiiiiiiiinnns ..50% 2:0 Ib./ton added to mill.
Copper sulphate . « « “
Xanthate. ..o o viviiiiiiiiiiiiiiiiin veee O “« « head of cell.
Pine Oilevreeriiii i .. 0 «“ “ « “
Xanthate. ..o iiriniii i, . “ “ for cleaning.
TN ) DA . « “ “ “

CONCLUSIONS

The flotation of these tailings was successful in that a concentrate
assaying 0.-14 ounce per ton and a concentration ratio of 10:1 was
obtained. The final tailing was 0.008 ounce per ton. In continuous
operation with the return of the middling to the regrinding circuit, a
recovery of 65 per cent should be obtained.

The addition of soda ash is at present considered an essential reagent
for the flotation of a cyanide tailing. It serves two purposes. First, it
acts as a precipitant for the lime, and lime is detrimental to flotation
producing a voluminous white froth that films the sulphide particles and
inhibits their flotation; and, second, it aids in brightening the sulphides,
thus permitting the other reagents to function.
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REPORT OF INVESTIGATIONS: HYDROMETALLURGICAL
LABORATORY

R. J. Traill

General Introduction. The experimental work of this laboratory
during the year comprised the completion of the tests on ilmenite treat-
ment (see Report of Investigations, 1925, page 81), further studies on the
electro-deposition of iron on rotating cathode, electro-deposition of iron
on plates, the roasting and leaching of chalcopyrite with the recovery
of copper from chalcopyrite leach liquors. The latter work is new in
character and the experimental work to date has been of a preliminary
nature for the purpose of determining the best mode of procedure to be
followed in the treatment of such ore. The report in connexion with this
work contains only such data as would seem of interest and importance
at this stage, and which might be looked upon as a basis for carrying on
future work.

In the treatment of ilmenite, results show that by obtaining a high
metallization in the sponge process a very high-grade titanium dioxide
concentrate can be made, low in iron content and, therefore, much more
satisfactory for pigment or other purposes.’

Further tests carried out on rotating mandrel cathodes are reported
and show effects directly traceable to conditions of the diaphragm, such
as new diaphragm and the diaphragm under continuous use. Various
surface conditions on the cathode have also been tried and cathodes of
different base metals have been used and results reported. A difficulty
that has not been overcome completely is stripping of the deposits. This
seems to be a purely mechanical operation, as it is practised quite suc-
cessfully at Niagara Falls, N.Y., and at Grenoble, France. The equip-
ment of the mechanical laboratory does not lend itself to a duplication
of the methods employed at the above-mentioned centres.

A start has also been made on plate deposition tests, wherein higher
current densities are used than are ordinarily employed in diaphragm
cells.

The possibility of developing a hydrometallurgical process for the
treatment of high copper-iron ores or concentrates using the ferric chloride
leaching principle has been suggested and preliminary results in this work
are reported. The results are quite encouraging, showing high extrac-
tions of iron and copper and high recoveries of copper and sulphur. The
report contains only the practical results, the details of operation are
omitted as being of less importance at present. In the recovery of cop-
per by cementation it will be observed that electrolytic iron scrap was
- used instead of sponge iron as generally used and suggested. This was
done for two reasons; first, because quite a quantity was on hand, and,

51604—7
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second, because the grade of copper obtained was so much higher and
might be better suited for subsequent proposed tests relative to refining
as electrolytic copper. Using sponge iron, as made in the laboratory,
having approximately 20 per cent non-metallic material, the highest
grade copper obtainable was approximately 64 per -cent copper with
about 15 per cent iron and the remainder insoluble carbon and siliea.
The procedure to be followed in commercial practice would, of course,
be governed by the relative costs of sponge iron and electrolytic iron
serap at the plant. ‘

Report No. 239

A PROCESS FOR THE TREATMENT OF ILMENITE FOR THE RECOVERY
OF ELECTROLYTIC IRON AND TITANIUM OXIDE CONCENTRATE
FOR PIGMENT AND OTHER PURPOSES

R. J. Traill and W. R. McClelland

The 1925 Summary Report (page 81) describes in detail the various
steps in this process and gives the results of the experimental work car-
ried out to show that the process is applicable from a metallurgical stand-
point. Briefly, the process consists of treating an ore such as ilmenite
with carbon at a temperature around 1,000° C. whereby the iron con-
tent is metallized and the titanium content unaltered from the oxide.
The metallic iron is then leached with ferric chloride, the residue sep-
arated and subsequently treated for recovery of pure titanium dioxide,
and the ferrous chloride resulting from the leach reaction electrolysed
for recovery of pure iron. In the metallization tests obtained and re-
ported on last year, results were not so encouraging as had been hoped
for, the metallization being around 80 to 83 per cent. This, of course
resulted in considerable iron oxide, 22 to 25 per cent being found in the
leach residue, titanium dioxide content was lower than desired, namely,
53 to 56 per cent. TFurther tests were conducted in an effort to improve
the grade of titanium-dioxide concentrate and by getting higher metal-
lization in the sponge this was readily accomplished. . The results clearly
demonstrate what may be expected by way of higher grade titanium-
dioxide concentration when a high-grade metallized sponge product is
leached. The following tests are examples:

A sponge product made in the usual way showed the following
analysis after separation of the carbon and non-metallics:

Metallic Irom. .o e evir i riie i enrneennennanan e 4439 per cent
ORI ATOM. 1 v s avnaesest e et raneeesee s nenaenneerneneassnanenes 47.58 ¢
B ) T2% 1o | VAN 93+3 “

This product was leached in the usual manner with ferrie-ferrous chlor-
ide solution, with results as follows:

Tron eXtTCtOn. oottt e 974 per cent




Analysis of Residue:

Titanium dioXide......oeeveeeeeriiirreiereiareaaaaraaiisaass... 67-10 per cent
Metallie Fr0m. o.vu e vt eeeit et e e i i 0-26 :‘
L T U 10-09 ¢

A still higher grade sponge product was obtained, showing on analysis:

Metallic drom. .vve v vevtriretenraterat it irerenteresreenenanas 44.39 per cent
TOtal ATOM, oot tve et ey 45-34  “
Metallization. . ..oveeeovrrienenrer e cinri e iiereeriieeanaans 97-9 «

On leaching this product with ferric ferrous chloride an extraction of 96
per cent iron was obtained and the residue had the following analysis:

Titanium dioxide.........ooviiiiiieriiiii i eiienrnreaena, .. 76-15 per cent
Total IX0M. . eves et et et 3-65

These results are decidedly better than those! obtained in the initial
experimental’ work and substantiate the opinion previously expressed
that with proper design in furnace construction high metallization should
be obtained with resultant high-grade’ titanium-dioxide concentrate.

Dzerosition Tests oN RoTary CATHODE

A number of iron depositions were carried out using steel mandrel
cathodes of various grades and surface coatings to determine the influence
on grade of deposits and the adherence of deposit to base metal, Although
the results did not prove conclusive they furnished some interesting data.
It is not possible to go into the details of the various tests, but a brief
summary of the more important results follows: The mandrel cathodes
used were (1) cold rolled low-carbon steel; (2) cast steel, hard; (3) cast
steel, case-hardened; (4) high-speed steel; (5) high-speed steel, case-
hardened; (6) steel surfaced with eletrolytic iron; and (7) cast iron.

The electrolyte used was a purified ferrous chloride electrolyte from
ilmenite sponge and varied in concentration from 163 to 169 grammes
ferrous iron per litre. The acidity of the electrolyte ranged from pHS.7
to pH3.9.

The cell used was the same as described and used in tests reported in
1925, namely, a diaphragm cell having two anolyte and one catholyte com-
partments. In all cases, with the exception of the ¢ase-hardened eathodes,
the mandrels were given a fine machine-finished surface in the lathe.
The cathode ecoatings varied in the following respects: (1) machined,
surface plain; (2) machined, surface vaselined; (8) machined, surface
oxidized; (4) machined, surface oxidized and vaselined. The cold rolled
low-carbon steel, the cast steel, and the electrolytic iron-surfaced steel
proved about the same, giving satisfactory deposits. The cast steel case-
hardened, the high-speed steel and the high-speed steel case-hardened
proved satisfactory in the nature of the metal deposited, but in all cases
the deposits peeled off the cathode within the first twenty to sixty minutes
of deposition. Better results were obtained when these surfaces were
oxidized previous to deposition. The cast iron cathode proved quite unsatis-
factory, the deposit being badly pitted, probably due to the presence of
graphitie carbon on the surface of the eathode.

B2 51004—7h
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With respect to coatings, all worked satisfactorily under standard eon-
ditions, the oxidized coating without vaseline showing more consistent
results than the others. ‘

Diaphragm Effects

In these tests two points were noted with respect to diaphragm effects.
These were the effect on deposition of a fresh or new diaphragm (asbestos
cloth) and the behaviour and effect of a diaphragm used for several tests.
Using a new diaphragm, it was consistently found that the deposit peeled
off during the initial half hour of deposition. The reason for this was not
definitely traced, but it is presumed to be due to some compound present in
the asbestos cloth. Attempts were made to overcome this effect by treating
the cloth with a hot ferrous or ferrous-ferric chloride solution and by
treating in the cell under the usual operating conditions for a short period,
taking the precaution to stop the process as soon as peeling occurred, to
prevent the loosened deposit from adhering to the diaphragm. The latter
method proved the more efficient and satisfactory, the main objection to
the former procedure being time, the soaking process requiring several
hours.

It was also observed that with a new diaphragm a higher voltage was
required in relation to the average current density employed, the difference
being about 0.4 volts at 90 to 100 amperes. By treatment of the diaphragm
as outlined, the normal voltage was obtained.

Deposition tests were usually run for a period of seven hours. After
each test the cell was emptied of liquor and then refilled prior to the next
test with hot ferrous electrolyte liquor. As soon as the cathode was
covered by electrolyte the current was applied and deposition started. The
same diaphragm was used for as many as seven tests. As deposition pro-
ceeds there is always a slight hydrolysis of liquor ocewrring, and the pre-
cipitate of iron oxychloride so formed adheres to and impregnates the
diaphragm. As this process continues, it is accompanied by a gradual
increase in the voltage.

It is thought that this condition may be more pronounced in the
present method of operating than it would be in & system of continuous
operation, or a system wherein the cell did not require emptying for
removal of mandrel. In the latter case the diaphragm has time to dry and
assumes a hard and rigid form, and the precipitate may change physically
and become more resistant to the passage of the current. These diaphragms
have been cleaned by a hydrochloric acid wash and have proved satis-
factory in subsequent depositions.

The above observations are based on thirty-two depositions, made up
as follows:

B DY S 1 N N 14
53 0 Yo Yo SN 2

205 Yo 5
T 2
515 S 2
Peeled deposita. .. v vrnuerrrerir ittt i i i i ey 7
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Prate DepositioNn Tests

Several tests on plate deposition of iron were carried out for the
purpose of determining the maximum current density that could be used
with a catholyte liquor movement or flow. Former experience has shown
that with stationary electrodes, slow feed and overflow of electrolyte, and
current density around and above 15 amperes per square foot cathode
surface, marked chlorination occurred in the anolyte compartment. When
a rotating cathode was used, current densities up to 125 amperes per
square foot cathode surface were obtained with little or no chlorination.
In the stationary electrode cell, deposits usually tree badly, whereas in the
rotating cathode cell deposits are much smoother.

It was thought, therefore, that by causing a rapid flow of liquor in the

catholyte conditions closely resembling the rotating ecathode would result.
The results which follow, while only preliminary in their nature, would
indicate that with a flow of electrolyte in the catholyte compartment
current densities up to around 35 amperes per square foot can be used with
no noticeable chlorination in the anolyte. The deposits of iron have varied
somewhat due to several reasons, the purity of electrolyte being, perhaps,
the most important, lead being present in small amounts, probably around
0.02 gramme per litre, due to an accidental addition of an impure liquor.

The cell used was an ebony asbestos one, 12 inches long, 12 inches
deep, and 74 inches wide. It was divided into two sections, an asbestos
cloth diaphragm in the form of a bag serving as the catholyte in the centre
of the cell. The catholyte compartment measured about 105 inches deep,
10 inches long, and 2 inches wide; the anolyte being approximately 10 inches
deep, 12 inches long, and 5 inches wide, considering both sides. One cathode
and two anodes were used. The effective cathode area was 1.16 to 1.30
square feet, and the distance between electrodes about 1% to 2 inches.
Steel plates and monel metal plates were used for cathodes, and graphite
plates for anodes. The liquor was heated in a storage feed tank to 100 to
105° C. and fed at a regulated rate through a glass tube into the catholyte
compartment of the cell. The feed entered at the bottom of the catholyte
bag and the overflow came out at the top on the opposite side. The over-
flow electrolyte was pumped back te the storage feed tank. The anolyte
overflow was regulated to suit conditions, depending on the current density
used and the rate of formation of ferric chloride. The average temperature of
cell liquor in all tests was 82 to 86° C. Eight depositions were made and
the following table gives details of the various conditions under which the
tests were made and shows the efficiency of the deposition. Remarks on
each individual test follow the table.
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T [Rato of Amps. | Weigh Cathod
s s y ate of mps. | Weight |, athode
Test | Cathode Amdﬁty, concen- | flow, | Voltage | per. | deposit, Eé“ﬁ.e' current
b tration, | 1/hour sq. ft. | grms. 3 | efficiency
grm./1
1 |Steel........ 3.7 1675 40 2:75 447 398 7 05-8
2 e 3.7 182 36 3:65 67-8 552 7 963
3 e 3.7 194.6 | 20-35 2-99 34.8 280 6 97.2
4 “ 4.1 179 8 2-97 30-7|..uninn.. /A P
5 [Monel....... 3.9 172 78.5 2:36 37-2 337 7 956
6 | ¢ . 3.9 170-6 115 2.31 36-3 354 % 97.4
7 o 3.8 179 108 255 36:2 ...t T Fveieaanes
8 “o. 3-8 185 108 2:78 359 |.....ount. A P
REMARKS

Test 1. No chlorination was noticeable. The deposit was silvery grey
in colour with some small threads on the surface and slight trees at one end
and bottom of plate. Deposit removed as two plates, and somewhat malle-
able as compared to tube deposits at higher current densities. Distance
between electrodes was 2 inches. Anode efficiency based on iron deposited
was 95.2 per cent. A concentration of the catholyte occurs due to steam
evaporation, the overflow liquor containing 185 grammes ferrous per litre.
The acidity also increases slightly to pH 3.6.

Test 2. During the first two hours, no chlorination occurred; about
the third hour a trace of chlorine was noticed and after four hours the
chlorine from anolyte was quite noticeable. The deposit was badly treed
but easily removed as plates. Distance between electrodes was 13 inches.
The anode efficiency based on iron deposited was 95-8 per cent. From the
nature of the deposit it would appear that the current density here
employed was too high.

Test 8. A very slight chlorination was noticed towards the end of
this test. The deposit was treed and somewhat badly pitted. A new
diaphragm was used and the catholyte flow was unsatisfactory due to
occasional blocking, which conditions probably account for poor deposit.
Distance between electrodes was 14 inches. The anode current efficiency
showed 98-3 per cent, being higher than the cathode current efficiency.
No explanation can be given for this condition.

Test 4. No chlorination occurred in this test. The deposit was smooth
with slight treeing at base. The deposit could not be completely removed
and the base metal was not weighed through oversight, so that cathode
current efficiency was not obtained. The distance between electrodes was
12 inches. The general character of the deposit seemingly justified the
increased flow to catholyte.

Test 6. Chlorination was absent. The deposit was smooth, free
from treeing, dull grey in colour, but showed a few pit holes at top and
bottom of plate. The deposit was easily stripped to within an inch or so
of the bottom, where it was removed with difficulty. Some anode liquor
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was lost in this test and anode current efficiency could not be determined
Distance between electrodes was 1% inches.

Test 6. Chlorination was absent. The deposit was quite smooth, dull
grey in colour, but showed a large number of small circular holes, with
iron deposition in centre adhering to base metal when deposit was removed.
Very slight fine treeing occurred along bottom edge of plate. Deposit was
easily stripped. Distance between electrodes was 1} inches. The anode
current efficiency in this test from the data collected would appear to be
well over 100 per cent, but it is evident that an error in readings or
analyses must have ocecurred,

Test 7. No chlorination occurred. The deposit was smooth, dull
grey, and slightly pitted. This deposit was only partially removed from
plate and no weight was obtained. Distance between electrodes, 15 inches.

Test 8. No chlorination occurred. The deposit was smooth and even,
though badly pitted. Pits as large as ¢ inch were observed. This deposit
was not removed except in small portions.

No satisfactory explanation for the results obtained in the last two
depositions can be offered at present.

SUMMARY

The results so far obtained would indicate the practicability of oper-
ating a plate cell at about 35 amperes per square foot, without causing
undue chlorine evolution at the anode, by arranging a rapid flow of elec-
trolyte through the catholyte compartment of the cell. It is hardly to be
expected that smooth matt deposits can be obtained by plate deposition,
to compare with those obtained in rotating cathode practice, but it is con-
ceivable that, with a carefully designed cell permitting flow or circulation
of liquor in both anolyte and catholyte, deposits free from trees, pits and
other outstanding defects can be obtained.

The tests here reported constitute a preliminary study of this phase
of deposition, and it is intended to carry out further tests in an
endeavour to find a successful procedure for plate deposition of iron at
higher current densities than are generally used.

PROCESS FOR THE HYDROMETALLURGICAL TREATMENT OF HIGH
IRON-COPPER SULPHIDE CONCENTRATES: RECOVERY OF IRON
BY ELECTROLYSIS, COPPER AS CEMENT COPPER, AND
SULPHUR BY DISTILLATION

R. J. Traill and W. R. McClelland

Present-day practice in the metallurgical treatment of high-copper
sulphides consists of the well-known process of smelting and converting.
The iron content of the ore is lost in slag and the sulphur lost in waste
gases to the air. Sensing the possible recovery of these two useful ele-
ments, it was felt that an attempt to develop a process with this purpose
in view would be worth while.
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The experience gained and the measure of success obtained in the
experiments, on the hydrometallurgical treatment of pyrrhotite . (see -
Reports of Investigations 1924 and 1925) in this laboratory suggested a
basis in the method of treatment.

Among the copper-bearing ores of Canada, chalcopyrite is probably
the most common variety, and it was decided to start experiments with
this ore. This mineral is generally recognized by the formula Cu,S,
Fe,Sg, and is frequently associated with pyrite FeS,. In reaction with
ferrie chloride it was expected that this mineral would behave as an inter-
mediate between pyrrhotite and pyrite. This expectation seemed to be
borne out in initial tests where it was found that the copper leached fairly
readily with ferric chloride solution, while only half of the iron was leached
out. To obtain a higher iron extraction therefore, it would be necessary
to convert the iron to a more soluble form, such as monosulphide or arti-
ficial pyrrhotite, by roasting in a non-oxidizing atmosphere.

PreLiMINARY TESTS

The ore used in these tests was copper concentrate from a chaleopy-
rite ore from Kustis, Quebec, the concentrate averaging 60 to 65 per cent
chalcopyrite and 22 to 29 per cent pyrite, or 21 to 23 per cent copper and
30 to 34 per cent iron.

Roasting

Roasting was first attempted in an air-tight rotary type furnace,
having a quartz tube about 4 inches in diameter by 4 feet long, heated by
resistance wire elements. Difficulty was experienced in maintaining a
steady feed, the ore being too fine for slow feed, and becoming sticky
with a tendency to build up in the hot zone of the tube. With a more
rapid feed, the ore passed through the hot zone too quickly to be properly
roasted, and- it became necessary to pass the ore through the furnace
several times to bring about any definite change in its composition. This
procedure seemed to cause marked oxidation of the ore particles resulting
in increased hydrolysis during the subsequent leaching of the roasted pro-
duet. Little or no sulphur was recovered from these runs, and the com-
position of the product varied too much from test to test to be of any
material value in subsequent experiments. After several trials this method
was abandoned in favour of retort roasting. The retort method gave more
consistent results, the product varying about one per cent in total iron with
an almost consistent loss in weight of about 17 per cent. The latter roasts
were made on 200- and 300-gramme samples. In the sulphur condenser
nothing more than a film of flowers of sulphur was obtained, most of the
sulphur apparently being oxidized. The sulphur that would be set free
amounts to only about 9 per cent of the charge, and it is plain to see that
this would be a rather small amount to permit of recovery. An average
analysis of the raw concentrate and of the roast product is as follows:

Concentrate, Roast product,
per cent per cent
o3 33.66 38:88
[0 T3 23-10 2686

Sulphur. ... 3547 81.77
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The product here obtained would apparently conform approximately to
the formula CupS-}-FeS.

Leaching

Leaching tests were carried out on the raw concentrate and on the
roast product in 1- and 4-litre volumes of ferric ferrous chloride in the
usual manner. The leach liquor used averaged 64 to 70 grammes per litre
ferric and about 70 grammes per litre ferrous. The liquors were kept agi-
tated and the temperature maintained as close as possible to 95°C,

For the purpose of brevity and comparison, the results are shown in
tabulated form below. The column marked ratio Cu+Fe to ferric shows
the aount, in grammes, of ferric chloride leach in terms of iron used to
treat one gramme total metal content of concentrate.

; Residue
. Iron |Copper s .
Leach . Ratio g analysisg Residue
'II:?gt Material volume, 'Ill‘gl?r? Cu-Te e:itglx:,o- ezitorgo- weight,
: litres ferric : : Te Cu |[per cent

per centiper cent per centlper cent

1 5 1.455 | 57-80 | 88.-03 | 26.27 5-23 1 52.2
1 b | 1.455| 5840 | 90-79 | 26-88 | 4-19| 505
4 6 | 1-45 | 58-25| 94-38| 26-16 | 3.89 | 51.2
4 6 | 1.45 | 56-42| 89-90| 2657 | 575 | 52.0
4 6 1.45 54.92 § 89-23 | 27.21 5-86 | 533
1 b | 1.54 | 81.08 | 89.50 | 15-96 | 6-0 | 436
1 5 | 1.54 | 8.30 | 92:30 | 14-38 | 4-55| 42:5
4 5 1.52 84:60 | 89:60 | 13-14 6:04 | 43:0
1 3 170 84.80 | 95-17 | 14.38 3.34 | 40-0
1 4 1:60 8867 | 91-92 | 11.28 5:52 | 40-0
1 4 158 8286 1 96-74 | 16.94 2:20 | 41.0
1 5% | 1.49 85:50 | 90-60 | 14.01 6:30 [ 41-0
REMARKS

The outstanding feature in these tests is the increase in iron extrac-
tion in the roast products over the raw concentrate. The copper extraction
is much the same in roasted and raw concentrate. It should be said that
in the case of the roast products, each leach test is made on a different
roast and undoubtedly there would be a slight variance in the composi-
tion of each product, which may account for the variance in extraction of
copper and iron. In some tests hydrolysis seemed to have occurred to a
greater extent than in others; there was also a variance in the volume at
the end of the leach, due to the difficulty experienced in controlling gas-
heating to maintain an even temperature. In the residues it was found
that in the raw concentrate residue the free sulphur amounted to about
50 per cent, and in the roast residue the free sulphur amounted to about
60 per cent. On the distillation of the sulphur under non-oxidizing con-
ditions a residue would be obtained of sufficient iron and copper content
to warrant further leach treatment. Such a scheme was carried out and
the results appear below.
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(A) Lpacuing wiTH RESIDUE RE-TREATMENT

The residues from tests Nos. 12, 13, and 14 were combined and roasted
in a non-oxidizing atmosphere by retort method at 700 to 800° C. for two
hours. The loss in weight in roasting amounted to 50 per cent. The roast
product had the following analysis: iron 50.68, copper 10.-17, and sulphur
34.20 per cent. This approximates closely CupS-+FeS. The roasted pro-
duct was leached with a ferrous-ferric liquor for 6 hours under normal
conditions. The weight of residue was 48 per cent of the treated roast pro-
duet, or 52 per cent of the product was leached. The analysis of the residue
was: iron 17.66, copper 2.91, and sulphur 68.95 per cent. This would show
an extraction of iron 83.3, and copper 86-3 per cent.

Sulphur Recovery. The secondary leached residue thus obtained was
roasted in an alundum tube fitted at the open end with a water-cooled gal-
vanized pipe for sulphur recovery test. The temperature employed was .
700 to 750°C. The roasted product showed a loss in weight of 67 grammes,
and 48 grammes of sulphur were recovered in the condenser. This would
show a sulphur recovery based on loss in weight of 71.6 per cent. The
analysis of this final roast product was: iron 43.13, copper 3.54, and sul-
phur 25-37 per cent, and gold 0-12 ounce per ton. The final roast was
slightly oxidized during cooling.

Copper Recovery. The copper was recovered by cementation using
electrolytic iron scrap as the precipitant. This gives a high-grade cement
copper. The liquors were heated to about 75°C. and the scrap added.
The following table shows the details.

Quantity Time, Weight Analysis Iron Recovery

Test electrolytio hours of copper copper, unused from ore,

jron used precipitate | per cent per cent

grms, grms,

Bvrivereinrnsninies 65:0 3 64:3 990 1.8 89-8
B N 72+5 3 63-0 08-96 50 84-4
B N 80-0 § . 66:0 95:76 9:0 86-0
Secondary leach..... 40-0 E 23:0 9864 21.0 93-0

Test No. 14 and the secondary -leach test were run with agitation,
while tests Nos. 12 and 13 were run without agitation. The copper remain-
ing in the liquors was 0-776, 0.-428, 0.36, and 0.40 gramme per litre
respectively.

Summary. The following shows an interesting summing up of the
results obtained in the tests here described:

Total concentrate in 3 primary 162ches. .vvvvvirviveerienrnenrrerans 081 grma.
Tinal roast residue 445
Tron extraction,.ovvceiiveirvennnrnrees .

Copper exXtrAOtioN. . . vvviiieriinenrsieerniierencntonsieerenrsionens

CODDET TECOVETY . v v v e v sreecsresnsonsssssonsensonnsarossnssonssesns

Total moetal eXtTACEION. s v veversess et erstnseriorraseesersnsssness 960

Added to these a sulphur recovery of probably over 70 per cent might

be expected and a factor of interest is the concentration of gold taking
place in the final residue. The final residue would probably be added to a
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new lot of raw concentrate and the process continued until the gold
content had worked up to quite high. The results here obtained suggest
that a possible method of treatment would be to combine the primary roast
residue with fresh concentrate and leach in the usual manner.

(B) Leacuing witTH Excess Frrric, aND LreacHing RoasT Resipur

In this series of tests the raw concentrate was leached with a ferric-
ferrous chloride solution containing sufficient ferric to dissolve all the iron
and copper present in the charge. This naturally gave an excess of ferric
iron in the primary leaching. The primary leach residue after drying was
roasted in a non-oxidizing atmosphere, and the roast residue thus obtained
added to the filtrate liquor of the primary leach to completely reduce
same. The secondary leach residue thus obtained was roasted for recovery
of sulphur. The following tabulation shows in brief the results obtained by
this method of procedure on a 4-litre leach:—

Charge to primary leach..........oviiiiiiiiiiiiiiiiiiiniiineian, 319 grms.
Weight of primary leach residue. ......coevvevevrenernenreneens .. 162 %
Percentleached...... ... iviiiiivieiiiiiniieniiieiniincenes eee. 49:2
Weight of primary roast product. ....cvvevr i vevrienenrerernneennns 83 grms.
Per cent loss of weight in roasting......... Ceeereecanseiaareniias 48-1
Sulphur recovered.....ovvvvreerreerieescaaroaes Ceeeeeearaaresiaans 69 grms,
Per cent recovery sulphur based on weight 1088.......covvuvvvneenn 873
Leaching pnmarﬁ roast product
Weight of secondary leach residue.....covvievieieviereiiriieenenees 41 grms.
Per cent leached............coovntns e reerir e aanren s ees. 506
Weight of secondary roast product...... et ieerereaererer e ireaes 17 grms,
Per cent loss in weight.......... et et aanes ve. B8401
Sulphur recovered. . c.oeeerrerererroersacrsensanes PN 13 grms.
Per cent recovery sulphur based on Welght loss......... PP -1
Analysis secondary roast residue: Iron........cvceenenne. veres 4256 per cent
CoOpper...ovvees. erreeeiaes .. 602 ¢
Sulphur............. teeerearrens 19-61 ¢

Cementation of Copper.

Dlectl olytlc iron scrap usged. . 90 grms.
recovered 43
“ “  eonsumed,. 497 ¢
Weight of cement copper prec pltate 71-8%

Copper content.....co.vevuiverneee. veee 96-82 per eent
Cemented liquor analysm Ironm... eeeee .. 152-88 grm./l.
OPPET.evveen.. e eirarreereeares veieee. 0044 ¢

Recoveries and Extractions:

Tron extraction.......cvevevrvreeneiensinnenes veerrrieenerrseensiee, 931 per cent
Copperextractlon.,.,......,....... ........ 55«
Copper recovery from charge,........ ceeens I | -1 / A
SUIPhUL TECOVETY . e v eirvrevnerrrrsererernsrnserassssssarananesanss 1104 “

(C) 50-Lirre Tmsr o MerHOD B

This test was a duplication of test B, but on a larger scale, 50 litres
of ferric-ferrous chloride liquor being used for leaching. The wash water
from the primary leach amounting to approximately 10 litres was retained
and treated for copper recovery by cementation. The following data show
the results obtained at the various stages.




Raw concentrate 6harge...oeveverirveerssvavsessrerssrensaraerses, 8,950 grms,
6 hours leaching at 92-96° C.)

Woeight primary leach residue......ocveieiviivinenrarans 2,186 «

Por cent leached......vvveiiiieiiiiiiiaaan, . 44.66

Analysls primary leach residue: Tron. ...... eranes 26-02 per cent
Copper.... 9:0 “

Sulphur,.....0 0L BBeT ¢

Primary roast carried out in alundum tube, 3% inches diameter by 24
inches long, with metal tube, 30 inches long, fitted to open end and water-
cooled.

Weight of primary roast.. «...ooiviiiiiiiiiiiiiiiiiiiiiiiii,
Per cent loss in weight,. .

1,302 grms.
40:2

Weight of sulphur recovere = 822 grms,

Per cent recovery based on weight Ioss RPN 934

Analysis roast residue: Iron............. RN 42.98 per cent
Copper. 14.80 “
Sulphur 83.41

Secondary leach was made on this residue using the primary leach
filtrate liquor and leaching for 44 hours at 96° C.

Weight of secondary leach residue............... eerrrarerenenres ¥ (62 grms.
Per centleached........ovviiiviiiinriennennn, PSR- W ¥ |

This secondary leach residue was roasted in alundum tube for sulphur
Tecovery.

Weight of roast residue.......covunvunenenns (S veerrerenss 2067 grms.

Per cent loss in weight........coovvvivuneen. T X |

Sulphur recovered,......coviviveiuiiarerirenens Ceversraererernreee 338 grms,

Per cent recovery based on weight loss..... S |- 1

Analysis final roast residue: Iron............... wererarirevarensess  30-57 per cent
Copper..,...veavnrs. 9. «

Sulphur..... .o 24.34 ¢

Copper Recovery. The copper was cemented out with electrolytic iron
serap, the wash water being treated separately from the main electrolytic
liquor.

Total electrolytic iron used...... Cirarrereireanes PN . 987 grms,
Electrolytic iron recovered........ovvuiveiinineienineeronn, , 366 «
Electrolytic iron consumed...... Ceverreareenenee . 632 “
Weight cement copper..... Crr et eisetearerararas 907 “
Per cent copper...... N oo 91,01
Copper recovered...vyuververrsenrsseracararnns e r et ey 834 grms,

An interesting feature here is that 834 grammes of copper are preci-
pitated by 632 grammes of iron, showing the copper-precipitating power of
electrolytic iron under these conditions to be about 1:1.32.

Extractions and Recoveries Summary:

Loss in weight by leaching and roasting...........cvvevvvivernss.. 93+2 per cont
Iron eXtraotion. . vveuvssssrerersnniararereersserraniesiesacsisanrss 930 «“

Copperextmctlon............. ..... N hvererarea 97-08 “
Copper recovery A 05:37 «
Sulphur recovery ver veeer 05460 ¢
Eleotrolyte obtained for iron deposxtxon. Iron. ..., veverecnaeanse. 186:0 grm./l
CODPPEr. v evervsvivennnennes  0:015
Lea 0:02 ¢«

Sulphdr"............l... 8:02
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These results are very satisfactory as regards extractions and recover-
ies. However, the method of procedure is, perhaps, a little complicated
and something simpler, such as a single roast and single leach treatment,
would be much more satisfactory. Such a scheme is suggested in the next
geries.

(D) SineLE RoasT AND SiNeLE LEeacE METHOD

The results of the tests already described show that by using a roast
product for leaching, higher extractions of iron and copper can be obtained
than are obtained when using raw concentrate. Tests on roagting the raw
concentrate and leaching the product have shown that the product exhibits
a slight tendency toward oxidation, which causes hydrolysis in the leaching
liquor. The roasting of raw concentrate seems difficult to control probably
because of the small excess of sulphur present in the charge, only about 9
per cent over a mono-sulphide, while a leach residue product with its high
sulphur content roasts well and is more consistent in composition. It
would appear that the reason for this difference was due to a deficiency of
sulphur in the roasting, i.e. that the roasting is more efficient with an excess
of sulphur gag present. It was decided therefore to add to the raw con-
centrate sufficient sulphur to ensure an excess in the roasting atmosphere.
To start with, raw concentrate was roasted with free sulphur, the product
leached and the leach residue added to a fresh charge of raw concentrate.
The product leached and the leach residue again used with a fresh charge.
This procedure can be carried on indefinitely almost, or at least until a
stage is reached where the gangue material has built up to a great extent.
Where gold is present in any amount, it will gradually build up in the
residue and when of sufficient value can be readily recovered by any
standard method. A single test embracing this procedure was carried out
and the results which follow would seem to justify the assumptions made.

Experimental. The preliminary test was not carried out in as direct a
sequence as subsequent tests will be run, but, nevertheless, it shows results
that are encouraging. The capacity of the small-scale leaching equipment
necessitated making more batch leaches than would otherwise be required,
go that there were ten leaches for five roasts. The first three leaches were
really trial leaches to determine, principally, the time and charge neces-
sary. The leach tests are numbered Nos. 23 to 32 inclusive and the roasts
Nos. 20 to 25. -

Roast test No. 20 consisted of 200 grammes of concentrate with 40
grammes of sulphur, and roast No. 21 was 400 grammes concentrate with
80 grammes sulphur. These roast products were leached in leach tests
Nos. 23, 24, 25, and 26. In tests Nos. 23 and 24 the charge was calculated
on the copper being present as CuyS and forming cuprous chloride in the
leach. This, however, proved a wrong assumption, as the cuprous chloride
apparently reacts with ferric chloride to form cupric chloride and there-
fore requires ferric chloride equivalent to a CuS basis (see summary).

Each of the following roasts, tests Nos. 22, 23, and 24, congisted of 400
grammes of concentrate plus the leach residue from the preceding leach,
and the roast product was leached in two lots, roast No. 22 serving leaches
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Nos. 27 and 28, and so on. The final roast No. 25 consisted of leach
residues alone. In the leaching tests it is apparent that longer time gives
higher extraction in copper and iron. ' '

In the roasting tests it will be observed that the roast produect has a
fairly constant composition. The sulphur recovery was low, but this was
due to losses through a leak in the connexion between the condenser and the
retort. The condenser apparently was smaller than should be employed
and the sulphur coming off fairly rapidly was not cooled in the condenser
sufficiently fast to avoid a pressure of sulphur gas in the apparatus. The
following table shows details of the leaches and roasts.

Leaching Tests

Analysis Extraction
Test No. Leach, | Time, |Charge,|{Per cent
litres | hrs. | grms, | dis- Te Cu S Fe Cu
solved [per centlper cent|per centiper centiper cent
1 4% 70 51-43 1 19-021 10-05{ 54-49 758 81.43
1 43 70 5143 | 19-66 | 10-03 | 62-60 752 81.40
1 6 55 5820 | 13-08 6-19 | 76.02 801 00-20
4 63 220 5680 | 13-67 6-80 | 74.10 846 88:6
4 6 216 59-70 9.33 4.55 | 79-98 90-3 930
1 8% 50 61.60 6-76 2:56 | 82:30 03-8 962
4 72 225 5960 9.11 4.02 | 79-12 90-3 937
4 83 223 60-50 8.27 3-82| 78-04 91-4 094.2
. . 4 8% 220 61-30 5-24 1.83 | 82-26 944 97-2
7 23 8 126 60:30
Roasting Tests
Fresh Loss Analysis Sulphur
Test No. cone. Composition in Tecovery,
charge, of weight, Fe Cu S grms,
grms, charge per cent | per cent | per cent | per cent
20.. 200 |4-40 gms. S..... 22:0 3832 26+31 32:76 29
21... 400 [4- 80 “ S..... 22-0 38-38 26-32 33-12 72
22.. 400 |4-120 “ res... 31-5 3886 26-5 33:12 59
23.. 400 80 “ res... 31:4 3811 25.88 33:3 50
24.,.. 400 |4-151 “ res.... 36-1 36-18 25+36 3235 84
26.00iinns sasuns|sasennnnan 214 “ res... 836 30-37 1247 26-45 145
Total sulphur recovery 60 per cent, Gold 0:13 oz./ton.
Eztractions and Recoveries
Raw concentrate charge.....o.ovvviviiiiiieiiiiiniiiiiiieen. 1,800 grms,
Weight of last 1088t T€8IAUe.. ..cveererrrerrirvnesorrornriosssenasss 80 ¢
Per cont 1eached..c..ovveveiiervnneriiriniiseriiiesionresssiesses 98
Iron extraction. ovuveseieverinerreensaiiriernesistnsssisenesnanane 98 per cent
Copper extraction..... 98.8 ¢
Sulphur recovered...ocoveiirreriorersersiesssens Ceverreresrranians 60-0
Gold content last residue...coevvveeeiiieninencans PN 0+13 oz./ton

SUMMARY

The results obtained in the tests here reported are more or less satis-
factory in the application of the ferric chloride leaching method of treat-
ment for these high copper-iron concentrates. The last test, series D,
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looks the most encouraging of any. In this test the extractions of copper
and iron should be very close to one hundred per cent, except for mechanical
losses, as the residue from each leach is utilized wholly in subsequent
roasts, at the same time acting in a beneficial manner in the roasting
process.

It has been shown that for satisfactory extractions of iron and copper
recourse must be had to roasting at some stage in the process. This, of
course, applies particularly to chalcopyrite-pyrite mixtures and the same
may not be true with respeet to bornite or certain other sulphides. No
definite attempt has been made to determine the chemical reactions occur-
ring, but the following would seem to be a reasonable assumption.

From the analyses of several roast products, it is fairly evident that
the copper is present as cuprous sulphide, Cu,S, and the iron as mono-
sulphide, FeS to FegSy. In the roasting, therefore, it is apparent that the
copper combination is not altered, but the iron combination Fe,S; loses
part of its sulphur, and Cu,S, Fe,S3=Cu,S. 2FeS-}-S probably expresses
the reaction.

In the leaching process the mono-sulphide of iron combines with ferric
chloride, forming ferrous chloride and sulphur, as

FeS-1-2FeCly=3FeCl, S

In the case of the copper sulphide, the reaction is probably of a double
nature and may be expressed as follows:—

(1) CuyS+2FeClz=2FeCl,}CuyCl,+8

the cuprous chloride thus formed, and being readily oxidized, probably
reacts with ferric chloride still present in solution as follows:

Cu2 012 +2F6013 =2F6012 —|—2Cu012

This assumption is confirmed to some extent by the results obtained in
leaching. It has been found in calculating the amount of ferric chloride
required to leach a roast product, that when the calculations were based
on copper as Cu.8 (the iron always being taken as FeS) low extraction
results were obtained in both iron and copper and no excess ferric was
present in the leach at end of test, whereas when the copper was calculated
as CuS the extractions were very much higher. Therefore the reaction
might properly be written as follows:

CuyS-+-4FeCly=A4FeCl, -2CuCl, 48

and combining this reaction with the iron sulphide reaction, the chemical
reaction of the roast product with ferric chloride may be expressed as:

Cuy8, FeS--6FeCly=7FeCl, -}-2CuCl, 28

To check this up by chemical analysis has proved somewhat difficult by
reason of the complexity of the leach liquor, as in most cases qualitative
test has shown the presence of cuprous and cupric chlorides, ferrous and
traces of ferric chlorides. The reactions, therefore, suggested are based
entirely on the experience in leaching and partly substantiated through
the cementation process by the amount of iron consumed in the precipita-
tion of the copper.

It is hoped to check and corroborate the results obtained in method D
by a further series of tests during the coming year.



110 ' :

v

REPORT ON THE WORK AND INVESTIGATIONS OF THE
CHEMICAL LABORATORY OF THE DIVISION

H. C. Mabee, Chief Chemist

The main work of the chemical laboratory during the year consisted,
as in previous years, in the determination of the metal constituents of
ores, minerals, and their concentration products from test operations con-
ducted in the research laboratories of the Ore Dressing and Metallurgical
Division. This work of the usual diversified character was performed by
B. P. Coyne, R. A. Rogers, and L. Lutes. The first two were employed on
chemical analyses and the latter on the work of fire assaying. During the
year, 1,243 samples were received from the research laboratories on which
over 4,000 determinations were reported. The ores and minerals from
which these samples, as well as samples from their concentration products,
were obtained are indicated in the following list:

Argenical.....oovviiviininn.., 21 GYPSUDML.. . vvvvniverranaaneess 15
Caloite.....vvevrennrvrennnens ] Galena, ..cvvoriviiniiiiiniiena, 38
China_u OlaY . e en e 17 Lead-silver..... .. 5
Colloidal clay (bentonite)..... 4 Lead-gilver-zine. 233

yanite (aluminium silicate).. 3 Molybdenite.... 7
COPPEr..yvvvvnvviveenvierinens 17 Nickel-copper....ou.vveivnnns 33
Copper-zine..u,uvveerunrseanns 121 Sandstone.....veiiviiirieinin, 17
Gold-arsenio.......oooeevunen 125 Titaniferous.. veee 1
Gold-coDPer.. . ivvireennvinns 162 ZNG6. .\ v s vt avaarerenians 34
Gold. .\ vveiviivirennrennenens 322 Zine-gold...vuvvrviviirnrennas 9

The analytical work represented in the above list does not include
that involved in connexion with numerous control samples of ores and
products from special investigational work in progress in the electro-
chemical and hydrometallurgical laboratories, the results of which will be
found in detail under Section III.

In order to ascertain the cause of certain discrepancies to which our
attention had been directed in connexion with the arsenic content reported
in what were said to represent duplicate samples of arsenical ore, B. P.
Coyne, in co-operation with the writer, conducted a series of investigations
with a view to studying the details of the chemical method by which these
erratic results were produced, and further, with the use of reliable standard
methods, determine the exact arsenic content present by means of com-
parative results.

The sample of arsenical ore on which this investigation was conducted
was submitted by the Nova Scotia Technical College at Halifax, together
with their method of analysis. The result of the investigation showed
very clearly that in following the method as indicated, and failing to
observe certain necessary precautions in the elimination of all interfering
elements, this method yielded a consistently high result, averaging about




111

one-half per cent on a sample containing 3-30 per cent arsenic. For the
determination of this element in ores or metallurgical products, it was
found that the regular arsenic¢ sulphide method as described in common
reference, or the distillation method, similar to that referred to in the
“ Official Methods of Analysis of the Association of Agricultural Chemists ”
are generally applicable and reliable.

Laboratory accommodation was again provided the technical staff of
the National Research Council during the year for a continuation of their
work on the beneficiation of magnesite ores.

51694—8
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A\
SELECTIVE FLOTATION AS APPLIED TO CANADIAN ORES

C. S. Parsons

Canada possesses many deposits of complex ores, such as lead-zine-
iron sulphides, copper-zine-iron sulphides, copper-iron sulphides, and other
combinations of these minerals, many of which contain values in both gold
and silver.

The Mines Branch of the Department of Mines, through its Ore
Dressing and Metallurgical Laboratories at Ottawa, has made numerous
investigations into the treatment of such Canadian ores by selective flota-
tion. The purpose of this review is to bring more directly to the attention
of the mining public the information which has been acquired and the
progress which has been made in the treatment of ores by this method, and
also to point out the assistance the Government is rendering the mining
industry by maintaining at Ottawa fully equipped ore dressing and metal-
lurgical laboratories for research on the treatinent of ores and metallurgical
products. A brief description of the flotation equipment in these labora-
tories is given in order that the reader may better realize the type of work
which can be performed. '

The small-scale laboratory equipment consists of a 1000-gramme
Ruth flotation machine, a Callow pneumatic batch unit, & Janney machine
and a continuous fine-grinding flotation unit which will treat 20 pounds
of ‘ore an hour, grinding 200 mesh. The large-scale tonnage equipment
consists of two different types of grinding mills, viz., one 4}-foot Hardinge
conical mill and one 6 by 3-foot Marcy rod mill. Both can be operated
in closed circuit with a standard Dorr classifier having an interchangeable
bowl attachment. Flotation equipment comprises a Greenawalt 8-cell
flotation machine and a Callow pneumatic flat-bottom unit with a capa-
city of one ton per hour. Tables, classifiers, and screens can be cut in as
desired, and continuous flow-sheets can be built up by using various com-
binations. of these machines. The addition of a unit which will treat 200
pounds of ore an hour is contemplated.

ReceEnT FroTATION PRACTICE

The tonnage of complex ores separated by flotation has rapidly
increased. The use of chemical reagents to modify the surface of the ore
particles, the discovery of soluble chemical flotation reagents, and the
economic solution of the fine-grinding problem are the principal factors
responsible for the increase. The remarkably successful operation of a
number of all-flotation custom plants in treating complex ores is unques-
tionably due to their efficient research organizations.
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A general effort is being made to raise the grade of flotation concen-
trates and to determine for each mill the point at which the greatest profit
can be made, when the lowered freight and smelter charges on the concen-
trates are compared with the extra cost of concentration and greater loss
in tailing. A careful study of this question has shown, in a number of
cases, that it would pay to regrind either the flotation concentrate or
middling, as the case may be, and subject it to a second flotation. It is
quite obvious that a flotation concentrate, for the most part already
ground to —200 mesh, is difficult to regrind unless it is carried as an
extremely thick pulp to the grinding mill and a high circulating load main-
tained in the classifier-ball mill circuit, consequently concentrate or
middling to be ground generally goes to a desliming classifier of the drag
type; sands from this classifier go direct to the mill, while the overflow
goes to a thickener, from which the thickened discharge also goes to the
regrinding mill. An alternative arrangement, and one that has proved
satisfactory, is the use of the Genter thickener, in which case the product

to be ground goes direct to the thickener. The mill, as a rule, is operated

in closed circuit with a bowl classifier, and very high circulating loads, up
to 1000 per cent, are recommended.

The types of flotation machines are numerous, but when compared to
a few well-known types of standard machines, the majority have little
merit. In the flotation of lead-zinc ores practice seems to favour the use
of sub-aeration machines for lead and standard spitz type machines for
zinc. The pneumatic type machine has come very much to the fore with
the development of a new type of cell known as the MacIntosh, which
uses a revolving blanket. Blanket troubles caused by banking and clog-
ging are eliminated by this type of construction. The cell is especially
adaptable for selective separations.

A number of new flotation reagents of great merit have been recently
developed. Cresylic acid reconstructed with phosphorous pentasulphide
is a new reagent which is highly selective in the presence of sulphides of
iron and can be used on copper-zinc or lead-zine ores. “ Flotagen S’ and
“TFlotagen” are two other new reagents, the former functions with
cyanide, sodium sulphite, and also with sodium thiosulphate. Flotagen,
which should be added as a solid, can be used only in alkaline pulps and
requires sufficient agitation before flotation to allow it to go into solution,
although violent mechanical agitation is not necessary. Flotagen S, on
the other hand, goes into solution readily and should not be in contact
with the ore pulp for more than one minute before flotation. It is not
advisable to allow Flotagen to remain in contact any longer than neces-
sary, as there is often a marked decrease in efficiency if the time is pro-
longed. The use of xanthate, phospho-cresylic acid, and other soluble
flotation agents has been found to have a beneficial effect on the filtration
of the flotation concentrate. By the substitution of these reagents for oils
it has been found, in some cases, that the tonnage handled by the filters
can be doubled.

The length of time that the modifying reagent is allowed to remain
in contact with the ore before flotation is a most important fac-
tor and until recently has been more or less disregarded. The general

516948} .
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practice has been to take care of the time element by adding the re-
agents to the ball mill.  This was effective in most cases but took care
only of the flotation of the first mineral. It has been found advisable
to provide time contact for certain reagents used for the flotation of the
second mineral. Improved results have been obtained and the consump-
tion of reagents lessened by increasing the time of contact before the
flotation of the first mineral by the addition of conditioning tanks
equipped with agitating devices. Present practice uses up to 24 hours’
contact before the lead separation and up to one hour between the lead
and zinc separations, The time factor, of course, depends entirely on
the ore being treated, and some ores require only a few minutes. The
claim that violent agitation is necessary during the time contact is, in
the writer's opinion, a very mistaken assertion.

It is the experience of those in charge of concentrators for the flota-
tion of heavy sulphide ores that to obtain maximum recovery the ore
must be freshly broken, and that only a small supply of broken ore can
be carried in the stopes, as the slightest oxidation interferes with the
flotation, and heavy losses result. This applies particularly to the tak-
ing of samples which are to be used for experimental work. The author
has frequently found it necessary to request that new samples be taken
from freshly mined ore because of the difficulty in obtaining any separation
on previous samples submitted. The second samples, taken from freshly
mined ore, responded readily to selective flotation.

Oxidation may also take place in the grinding mills when heavy
sulphides are being treated. Serious difficulty has been experienced in
some mills with this problem. The condition is undoubtedly caused by
the heat generated at the point of contact by the impact of the balls
striking the lumps of sulphide ore. The action can be overcome by
increasing the classifier capacity and building up a high circulating load
to the mill so as to keep the pulp in the mill only a very short time,
by the addition of modifying reagents in the proper amount, or by carry-
ing a more dilute pulp in the grinding mill at the sacrifice of capacity.

There are two different methods of applying selective flotation to
an ore: The first, and the one which is more commonly used, is a straight
flotation separation made on the original pulp. The second method is
by bulk flotation of the two or more minerals and the subsequent separa-
tion of them by selective flotation. Some misunderstanding seems to
exist regarding the use of these two methods, and attempts are ire-
quently made to compare their respective merits without taking into
consideration the particular ore on which they are to be used. Although
each method has a distinct field of its own, there is generally little room
left for any argument as to which method should be used, provided
“that sufficient information on the character and behaviour of the ore has
been obtained by previous experimental work. An ore containing 2:25
per cent lead, and 6 per cent zine, providing there are no interfering-
goluble salts present, calls for a straight selective float. But if the lead
was around 1 per cent or less, a bulk float of both the lead and zine
with a selective separation on the bulk concentrate would probably be
the better method. In the latter case, if possible, only a part of the zine
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should be eut with the lead. This would be possible, in the majority of
cases, because of the better floating properties of the lead, and by not
adding the copper sulphate reagent used to promote the flotation of zinc
until after the lead had been floated. By this method the tonnage of
bulk concentrate to be treated in the time contact tanks would be much
less than if the whole of the zine had been floated. The ratio of lead
to zine would also be higher which would assist the separation to be
obtained between the lead and zine in the subsequent selective separa-
tion. In an ore containing soluble copper salts, a bulk flotation of the
zine and lead is practically always necessary. The reason for this is
the amount of modifying reagents necessary to overcome the promoter
action of the copper salts on the zinc.

In the general practice of bulk flotation the zine concentrate is
obtained as a tailing from the flotation of the lead. In the case of an
ore containing a large proportion of pyrites, considerable trouble may
be expected from the iron which will tend to float in the bulk concen-
trate. As a rule it is found impossible to reactivate the zine mineral
after the bulk concentrate has been subject to the time-contact treat-
ment with the reagents required to effect the separation. The iron which
had floated would remain with the zinc preventing possibly a shipping
grade of zinc concentrate being produced.

Heavy sulphide copper ores frequently contain small amounts of
zine. Such an ore having an approximate analysis of copper 1.8, zinec
0.6, and iron 20 per cent or higher, and also containing considerable
soluble sulphates, could be concentrated for the copper content alone,
the zine being discarded. The copper concentrate, however, would prob-
ably carry 5 per cent zine. This amount would be objectionable to the
smelter. The reagent costs would be too high, owing to the presence
of soluble salts, to attempt to retard the zine by the ordinary methods.
The flotation of a bulk concentrate containing the copper, zine, and part
of the iron would in all probability give a product which it would pay
to work on for the production of a marketable zine concentrate.

On the other hand, a heavy sulphide ore containing copper 2, and
zine 6 per cent, lends itself much better to a straight selective flotation.
Another point worth drawing attention to is that should the proportion
of zinc in the above ore be raised to 10 per cent, the copper concentrate
would carry a much greater amount of zine and the final recovery of
zine might be lower than from the first example..

Some ores contain soluble salts, such as sulphates of iron, alumina,
magnesium, copper, ete., in suech quantities that even the addition of
large amounts of soda ash or lime will not prevent the modifying re-
agents being destroyed as quickly as they are added, thus preventing
them from fulfilling their function. There are in general two ways of
attacking such a problem: (1) to endeavour to make a bulk concen-
trate with the idea of subsequently making the selective separation on
the bulk concentrate, and (2) to wash the ore by erushing and partly
dewatering and again bringing the pulp to the required density by the
addition of fresh alkaline water. Ores of the above characteristic
present a research problem which will tax the ingenuity of the metal-
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lurgist to solve. Fortunately, mining companies which have been suc-
cessful in overcoming such difficulties are showing a very fair attitude
by publishing their methods. :

Owing to separate problems involved in the work from which the
information contained in this article has been obtained, the method of
presentation will be confined to giving examples of the separations
obtained on different types of ore, and the methods and reagents used
to obtain them. '

Mobpirving REAGENTS

In order that the reader may better understand the methods used
in obtaining these separations, a brief deseription of the uses of some
of the more common modifying reagents will be given. TFor a deserip-
tion of the properties of oils and flotation reagents, see Memorandum
Series No. 11: “Selective Flotation as Applied to Canadian Ores.”

Lime. This reagent was one of the first to be used in flotation. It
requires a time contact with the ore and, if possible, should be added
in the grinding mills. It is used to overcome the deleterious effect of
soluble salts which are frequently present in ores, but its principal use
is as a depressant for.iron sulphides in the selective separation of lead
and zine, copper and zine, and copper and iron sulphides. It also has a
marked depressing action on zine sulphides in their separation from lead
and copper. If added in too large amounts it will also prevent the lead
from floating. Chalecopyrite will float in a strongly alkaline pulp, but
chalcocite and some of the other copper minerals are affected by the
least excess. Therefore, lime should not be used in their flotation. As
a general rule, much better results can be obtained in the flotation of
ighese minerals with a combination of soda ash and cyanide than with
ime.

Sode Ash (Sodium Carbonate). The discussion of the functions of
soda ash is difficult. To begin with, soda ash will revive pyrite under
certain conditions. We have just completed a successful 20-ton flota-
tion test on a tailing from a cyanide mill. In the mill the ore had been
ground to 75 per cent —200 mesh in cyanide solution and agitated in
pachucas for 48 hours, lime being used to maintain the alkalinity, then
vacuum filtered, repulped, and filtered again. The final filter cake was
the product floated. A high-grade sulphide concentrate was obtained
by the use of soda to revive the pyrite which contained the remaining
gold values. The flotation conditions obtained during the test were
excellent. It will be observed that in this case lime is coupled with
cyanide, and it has been our general experience that when lime and
cyanide are coupled the subsequent addition of soda ash will promote
the flotation of pyrite whieh has been deadened by the combined action
of these two reagents. On the other hand, we have found that soda ash
alone has a slight deadening action on pyrite, and quite a decided dead-
ening effect on pyrrhotite.

In the flotation of copper-nickel ores high ratios of concentration
have been obtained, dropping both pyrite and pyrrhotite, by using soda
ash as the only addition reagent. Also a similar separation, copper
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sulphate being used as well, on ores containing sphalerite, pyrite, and
pyrrhotite. But then again, we have frequently had the opposite experi-
ence of obtaining better results by using soda ash when endeavouring
to float pyrite, for example, a gold ore in which the values are con-
tained in the sulphides. ¥rom these apparently contradictory results,
we have drawn the general conclusion that the effect of soda ash is to
increase the difference between the relative flotation properties of the
minerals.

Sodium Bicarbonate. The use of this reagent is preferred in the
gelective separation of lead and zine when the ore containg only a minor
amount of pyrite or pyrrhotite.

Sodium Cyanide. This is one of the most valuable of all modifying
reagents, since by its action the surfaces of the zine sulphides and iron
sulphides are modified so that they do not float. By taking advantage of
this action, lead and copper sulphides may be separated from them., As
a rule, eyanide is used with either soda ash or lime, generally with soda ash.
It is frequently used in combination with zine sulphate, in which case the
solutions of the two salts are brought together just as they enter the flotation
pulp 50 ag to form an emulsion of zine cyanide. Time contact is important
"~ when using cyanide, some ores requiring one hour contact, others only a
few minutes’ contact.

Sodium Sulphite and Thiosulphate. These two salts have similar pro-
perties. Sometimes one is the more effective, sometimes the other, depend-
ing entirely on the ore. They are used for the same purpose as cyanide
and in a number of cases have been found just as effective.

Zine Sulphate. This is used as a depressant for zine in separations of
lead and zine, It is possible that its use might be extended to the separation
of copper and zine, but the writer has never had oceasion to try it.

Sodium Acid Phosphate. This is used occasionally as a depressant for
zine in lead and zinc separations.

Sodium Hydrosulphite. This can be used also as a depressant for zine.

Sodium Dichromate. This salt is used in the selective separation of
lead and zinc with cyanide, on ores which contain large amounts of iron
sulphides. It seems to have a beneficial action. It is seldom necessary.

Copper Sulphate. This is added in quantities of one-half pound to two
pounds per ton, as a decided promoter for the flotation of zine.

Orrs ConsisTiNg oF CoMPLEX MIXTURES oF GALENA, SPHALERITE, PYRITE
AND PYRRHOTITE, CONTAINING GoLD AND SILVER

The problems involved in the treatment of such ores are varied
although the recovery of the gold and silver is, in most cases, the major
problem. In connexion with the recovery of silver some very interesting
results were obtained on an ore received from the Slocan district, B.C., where
the recovery of silver is the major problem, The particular sample was
gent in from a mill which was recovering only 50 pér cent of the silver in
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the feed, by a combination of gravity separation and flotation. "The typical
flow-sheet of the district includes jigs and tables for concentrating the
lead. The tailings containing the zinc and’a large proportion of the silver
are dewatered, reground, and floated, the products being a low-grade lead
product, high in silver, and a high-grade zinc concentrate.

In order to determine the association of the silver, pieces of galena, .
blende, and gangue were picked out and assayed for silver. The pieces were
approximately § inch in size. The results were as follows:

Assay silver

Galens, crystallized in lnrgde OUDB. . veerenreienserseasancrsocnoarenns 100-7 oz./ton
. Galena, finely disseminated, agaregates of erystals ve. 1020 “
Zine blende (Pb 0:16, Zn 63:30 PET CONt).evevitevrrsereennares crneenes 76 “
Gangtie- (Pb trace, Zn 1:66 per ent).....vveeveerierverersarossorasnns 1.18 «

This shows conclusively that in place the silver, in some form, is
associated almost exclusively with the galena. Samples. of the ore were
crushed to about 10 mesh and a lead concentrate made by tabling. The
concentrate contained 70 per cent lead but only 67 ounces silver per ton, as
against 100 ounces per ton in the coarse unbroken pieces of pure galena.
Other tests showed that the finer the galena was crushed the less silver the
lead concentrate contained. It was obvious, therefore, that the silver was
being freed by crushing. This was confirmed by the results of the flotation
tests, as it was found that the largest proportion of the silver generally
reported in the zinc- concentrate. There was abundant evidence to show
that the silver which was freed from the galena by crushing was in an
extremely fine form. This was further borne out by some work on the
products from one of the operating, combined gravity and flotation mills
which showed that 75 per cent of the silver in the zinc flotation concentrate
‘was in the —200-mesh material, and that the losses in the tailing were due
to very finely divided silver mineral.

It follows that owing to the finely divided state of a part of the silver
values, high recovery could not be expected in a mill using gravity con-
centrators, nor would a high recovery of silver be obtained by the use of
jigs or tables. It would also follow that a large amount of the fine silver
would be lost when the jig and table tailings were dewatered preparatory
to regrinding for flotation of the zine. The fact that the tailings from the
flotation department treating the reground tailings and fines from the jigs
and tables contain high values in silver shows that the fine silver is very
hard to collect in the flotation concentrate. This is in accordance with
personal experience of the writer who has observed in a number of cases
that very fine particles of minerals by themselves are very difficult to oil
and collect in the froth. It had also been observed that in a flotation pulp
containing relatively coarse grains of minerals, the fine grains exhibited a
marked tendency to cluster and cling around the larger ones. This
characteristic suggested that in order to collect and recover the finely
divided silver values a greater proportion of large grains must be present so
that by the bulk action of the flotation of the coarse grains, the fine graing
would be gathered in and collected.
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For these reasons separation of the lead and zinc from the original
mill pulp by selective flotation was regarded as a solution of the problem.

.Later, after a method of separating the lead and zine had been worked out,
it was found that very high recoveries of the silver were obtained, the
largest proportion reporting in the zinc concentrate.

In general, the selective separation of lead and zine is obtained by the
addition to the ore pulp of some reagent that will temporarily deaden the
floating properties of the zine, thus permitting the recovery of a high-grade

lead concentrate. In the case of the majority of Canadian ores, the
geparations are made more difficult by the presence of large amounts of iron
gulphides, both pyrite and pyrrhotite, and some reagent must be used which
will permanently deaden these two sulphides so that they will not float with
either the lead or zine. The only reagents used which perform both these

. functions are sodium cyanide, godium sulphite, and godium thiosulphate,
but the following have been used with some success in temporarily deaden-
ing the zine: zine sulphate, sodium acid phosphate, and sodium hydrosul-
phite. So far as has been observed by the writer, these reagents when used
separately have no effect in preventing the iron sulphides from floating.
The action of zine sulphate is much more effective when used with sodium
cyanide, the two being mixed by bringing the streams of the two reagents
together just as they enter the flotation pulp.

These modifying reagents are used in an alkaline pulp, either with soda
ash or lime. Lime has a permanent deadening effect on pyrite and
pyrrhotite, and also affects galena in the same way but to a lesser degree.
Cases have been reported of sodium sulphide being uged to effect a
separation between lead and zine, but, with the exception of one instance,
no success hag been obtained with it in our laboratories. By the use of
copper sulphate, the action of these modifying reagents is destroyed, and
the flotation properties of the zine minerals is revived. The length of time
the modifying reagent is in contact with the ore iz important. As a
general rule it may be stated that the effect of a small amount in contact
for a longer period approaches the effect of a larger amount in contact for
a shorter period. Mills are now erected in which surge tanks are used to
increase the time the modifying reagents are in contact with the ore.

The problems which are met with in ore treatment are so complicated
by marketing conditions, such as requirements of smelter, freight and
treatment charges, ete., that it is difficult to write concisely on the subject
when treated in the broader sense.

An example ig given of an ore on which the test work has just been
completed. The ore was a lead-zine containing both gold and silver—
lead 3-1 per cent, zinc 4-6 per cent, gold 0-35 ounce per ton, silver 2+5
ounces per ton, iron 12 per cent (present as pyrite). In this ore the zinc
shows a marked persistence to float with the lead in spite of the use of
both cyanide and zine sulphate, and the inhibiting effect on the pyrite was
not sufficient to allow a marketable zinc concentrate to be produced. That
is to say, when the flotation of zinc was attempted the iron floated in excess.
The fact that the effect of the cyanide was not sufficient to prevent the
pyrite from floating with the zinc did not allow a marketable zinc concen-
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. trate being made, To add to this complication was the fact that part of
the gold was associated with the pyrite and in order to obtain the maxi-
mum returns from the smelter it was necessary to obtain ag much gold as
possible with the lead concentrate.

It was advisable, therefore, to endeavour to float at least a part of
the pyrite with the lead and at the same time prevent the zine from
reporting there also, Lime could not be used as it deadened the pyrite
completely, and 65 per cent of the gold reported in the final tailing. It was
found that by grinding the ore with soda ash, 6 pounds per ton, which was
sufficient to keep the pulp alkaline, and by adding an emulsion of cyanide,
0-25 pound per ton, and zine sulphate, 2 pounds per ton, to a time contact
tank for a contact of 20 minutes before the flotation, sufficient iron floated
so that a lead concentrate could be obtained containing 82 per cent of the
gold values, 81 per cent of the silver, and ran 82 per cent lead with a.
recovery of 90 per cent, and assayed 13 per cent zinc. By subjecting the
lead tailing to a time contact with 5 pounds lime and 1.5 pounds copper
sulphate per ton, and using xanthate, a 52 per cent zinc concentrate was
produced with a recovery of 68 to 70 per cent. It should be explained that
tests were also run using cyanide alone, and no difference was noticed as
far as the inhibiting effect on the pyrite was concerned, but the effect on the
sphalerite was greatly increased by the addition of the zine sulphate. The
reason for adding these two reagents as an emulsion was that apparently
better results were obtained in that it inhibited more of the zine and less
of the pyrite from floating than if the two were added separately.

"The use, wherever possible, of pilot tables for indicating the work
the flotation machines are doing is recommended. If the lead and zine
separations are not perfect enough the flotation concentrate may be tabled
without causing undue losses, The action of flotation coagulates the fine
mineral graing so that they settle mueh more rapidly and there is not the
same tendency for the fine mineral to be lost in the overflow of the
thickeners.

- EXAMPLES OF SELECTIVE SEPARATION oN LimAp-Zinc Ores

1. The ore consisted of galena and sphalerite with silver, the sulphides
being . disseminated throughout the gangue, requiring fine grinding.
Analysis:
710 per cent
14.06° ¢

8:04 oz./ton
trace

The ore was ground to 50 mesh for flotation. A small-scale test only
was made.




121

Results:
Asgays Per cent of values
Product Weighté o p n -
per cenj n 4
per cent | per cent | oz./ton Pb I Zn | Ag
Lead concentrate............ 13.6 48-90 8-45 9-06 77-0 85 45-6
Zine concentrate............ 245 6-256 46-95 5:30 17-7 84.7 47.9
Tailing...ocvieeiiennreisenns 61.9 0:76 1-49 0-29 5-3 6-8 66
Reagents Used: - :
Sodaash....cciviiiiiiiiiiiiiiiiiiiiii i 4.01b./ton added and ground with ore
Cyanide.......ovvrveranrireeienerenererensaes 05 « «“ «“
Thiocarbanilide.....oovverereeererernerenenns 0-2 « “ “ “
Zinosulphate.......ciieeiiiiinieniniiniinnnss 05 “ « « “
Pineoil......icviiiiiiiiiiiiiriierinninniiinns 01 “ “  to lead cell
Copper sUlphate. . vovveeevenerernnenrennrnrnne 1.0 “ “  to zine cell
Xanthate.....oovereerinarrerarerararnersionns 03 “« «“
Pine oili.iovviiieriniiineiiinireinriereninanes 01« “ “

Both cyanide and zine sulphate were used to modify the flotation
properties of the zinc and pyrite. On this particular ore, the addition of
zine sulphate gave a sharper separation between the lead and zine than
was obtained with cyanide alone. The length of time the ore was kept in
contact with the cyanide was found to be an important factor. A mill is
under construetion based on the results of these tests.

2. The ore was a heavy sulphide type containing gold, silver, galena,
sphalerite, pyrite, and pyrrhotite, with very little gangue. It required
grinding to approximately 65 mesh for flotation.

Analysis:
Copper... 0+73 per cent
Lead.. 18-47 ¢
Zine... 2354 «
Gold.. 0-42 oz./ton
£ 13 R 1942 “
A small-gcale test only was made.
Results:
Agsays Per cent of values
Product Weight,
per centf{ Pb Zn Au Ag
per centiper cent} oz./ton| oz./ton| Pb | Zn | Au l Ag
Lead concentrate........... 32.71{ 62:31| 10.97 0-80 | 46-3 |93-0( 13-2( 63-9 | 81:3
Zine ‘e 41.1 2:31 | 47-69 0-16 65-74 | 5-2| 833 16-1 12:7
Table ‘e L2 P P 0-90 9:80 |......[...... 11.4 2.7
Talling....vvivevanenennes 21-0 1.25 1.25 0-17 203 1.8| 1.4] 8.6 3:3
Reagents Used:
Sodaash....veeireeineriiinnereinriiineens 6-0 1b./ton added and ground with ore.
Thiocarbanilide....ooovvvnerverniinenrinrens 0.2 « “ “
Sodium cyanide.....ooeevieniiiiiiiniiiiins 0.3 « five minutes’ contact.
Cresylicacid....oieviiirvenrneniiinerenennns 0.2 « added to lead cells.
Copper sulphate, ..o.vevrvnveeineenneneinnns 125 « “  zinc cells.
Xanthate...oooevivnineeiiiiniinrenieans, 04 « “ “
Pine oili.vvivuiiniineeninieiniiniiaininiiins 0-1 « “ “

A mill, based on the results of these tests, has been built and is in successful
operation.
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3. The following separation was obtained on dump middlings con-
sisting of sphalerite, pyrite, and pyrrhotite, and only 2 to 3 per cent gangue.

Analysis:
Tead............. F et e ee e e serear e renas Crereerias 2+45 per cent
/31 1 N 23.00 “

The following are results of a 5-ton test:

Assays Approx. recoveries
Product
Pb Zn Pb Zn
per cent per cent | percent per cent
Lead concentrate ............................. 16-50 12+40 11 2 .
Zine .. 0-30 51-62 |...... N 91
Tailing 0-45 (1281 2 RO
Reagents Used:
Sodansh.,.ciiieririiiiiiririieniiiiiens 18:0 1b. /ton added and ground with ore.
Cyanide,......ccovvees o eeee ity 0-26 “ o lead cells.
Acid coal-tar creosote. e teear et rre e 021 « “ and ground with ore.
Water-Eas tar. .. vovveeerennrrrrnensnenireen. 0:21 % « “ “
Copper sulphate......oovvevenenns ereereens 2.0 ¢« “  to zinc cells.
Xanthate..oooovvveeiennns et araaaeaaaas 04 “ “

A mill, based on these results, has been built and is in operation.

4. The sulphides in this ore consisted of sphalerite, galena, pyrrhotite
and a little pyrite and chalcopyrite, also values in gold and silver.

Analysis:
1-96 per cent
§-62 ¢
7.42 0«
0+02 oz./ton
Silver......... et irreireaaen, RN e 3.28 «
The following are results of a 5-ton test:
Assays Approx. recoveries
Product
Zn Pb Te Au Ag Pb Zn
per cent | per cent | per cent | oz./ton | oz./ton | percent { per cent
Lead concentrate ...... 4.17 51 09 260 0-30 40:0 894 {Livauiians
Zinc 47-18 A6 |ooviiviifinvnnnians 90 |.eviinnnns 94.8
Tailing......c.vvennnn 0-30 0-15 L I [
Reagents Used.:
Soda ash..... PN vieees 2:0 1D, /ton added and ground mth ore.
Acid ereosote....oovveeriiierriniins veveees 02
Water-gas tar........... e .02 0« ¢ “ “
Sodium cyanide....ooereeirrrieinearianss , 0156 « “ {0 lead cells.
Creaylio 20id. .vvvvveiiiiinenrrsiiianiiones 0:4 « “ “
Copper sulphate. N . 1.0 & “  to zine cells.
No. 2 neutral creosote.....ooeveveeincsirass 0.4 « “ “
g AT SRR | 1 I “ «
Pine oll NO. Buvvivivnniieininsanieinieenss 002 € “ “




123

5. The ore consisted of sulphides of iron, copper, lead, and zinc, finely
crystalline and intimately associated. It also carried values in silver and

gold.

Analysis:
COPPEL. s sserensenenenonennes N 2:35 per cent
Argenic........... ... 0-76  «
Tead...vovvvvinivnsnen 1.26 «
b/ 11 14:26 ¢
Gold............. 0-03 oz./ton
Silver........... . 391 «
Antimony trace
A small-scale test only was made.
Results:
Asgays Per cent of values
Product Weight
percent| Cu Pb Zn Au Ag
percent|percent|percentjoz./tonfoz./ton| Cu | Pb | Zn | Au | Ag
Cu-Pb concentrate| 17-0 | 12-32 | 6-62 | 13-86 | 0-08 | 4:76 ] 90-3 ) 93-3 | 16-3 | 41-6 | 70-0
Zinc concentrate..| 23:0 | 0-56 ) 0-25| 49-6 | 0-04| 3.0 55| 421805291 19:6
Tailing........... 60-0{ 0-16 | 0-05 0.7 | 0-015 0.56| 41| 2-5| 3.0 283 9.5
Reagents Used:
Sodaash......oveevvievennnnn. herareeas 10-0 1b./ton added and ground with ore.
Thiocarbanilide...,. 0-25 “ « “
Sodium cyanide..,.. 0-24 “ “ ¢
Pineoil............. e, 0-10 ¥ “  to lead cells.
Copper sulphate............... Cevreiee ..o 16 ¢ “  to zinc cells.
Xanthate..ooweoiriveenriirieenirinenss, 03 “
Pine oil........... e rareereas vees 001 “ “

6. This sample consisted of material taken from a tailing dump pro-
duced from the concentration of a lead-zinc ore.

Analysis:
0-07 per cent.
1006 «

The following are results of a 4-ton test:

Assays Approx. recoveries
Product
Ph Zn Cu Pb Zn
per cent per cent per cent per cent per cent
22-81 10-41 4.23 74 Ceereniae
0.14 4800 |, 85
0-06 0-40
" Reagents Used:
Soda ash....... PN 2:0 lb./ton added and ground with ore.
Acid cosl-tar creosote......... Cererreens 0-3 “ “ “
Sodium cyanide............. errereenens 0-08 “  to lead cells.
Cresylicacid................... s 06 « “ “
Copper sulphate...... e er e 1.24 ¢ “  to zinc cells.
Xanthate........oovvvveiirinninns vevens 0426 % “ [
Pine oil....ovvvvninirnennn e 0:25 “ “
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7. This sample was a lead-zine ore carrying silver, the galena and
sphalerite were ~intimately disseminated with pyrite and pyrrhotite.

Analysis:
Lead.. 3+35 per cent.
Zine 708 «
Iron 4.82 «

SHLVET v vt

Small-scale test only was made.

9.5 oz./ton.

Results:
Assays Per cent of values
Product ' [Weight,
per cent| Pb Zn Ag
per cent|per cent| oz./ton| Pb | Zn | Ag
Lead concentrate........covvevnnnsniensens 6-0 | 46-53 2741 1340 [ 80-9| 2-2{ 72.2
Lead middling............. 59 9-02 6-88 285 [ 16:5 | 5.6 156:2
Zino concentrate, 10-9 0:32 | 55:32 4.5 | 1-0] 82:7 4.4
Zinc middling,. 35 0-80 | 15-16 7-44 08| 7-4 2-4
Talling. ..o i ce e 737 008 0.21 0-88 1.7 21 5-8
Reagents Used.
Soda ash.. i viei it 50 lb./ton added and ground with ore.
Thiocarbanilide 0.2 “ «“ “
Sodium cyanid 024 « “  to lend cells.
Cresylic acid.. 0.75 « “ «
Copper sulphate...... 1.0 ¢ “ {0 zinc cells.
No. 2 neutral creosote 05« « “
Xanthate............ 01 “« “

Ores ConsisTiNG oF INTiMATE MixTure or CHALCOPYRITE, PYRITE AND
PYRRHOTITE, WITH AND WITHOUT APPRECIABLE AMOUNTS oF GoLp

The successful separation of chalcopyrite from the iron sulphides,
both pyrrhotite and pyrite, requires the solution of two problems. The
first problem is to free the copper mineral from the iron. Fine grinding
is nearly always necessary owing to the intimate association of chalcopy-
rite with the pyrite. The development within the last few years in the
art of fine grinding makes it possible to free economically the two min-
erals in the finest grained ores. The second problem is to prevent the iron
from floating with the copper. In the case of chalcopyrite ore containing
no gold, this can generally be done by maintaining a strongly alkaline
pulp with lime. Lime has a permanent deadening effect on pyrite and
pyrrhotite and very high ratios of eoncentration can be obtained.

As a general rule, copper ores containing gold present an entirely
different problem, that of recovering the gold in the copper concentrate.
The use of lime to retard the iron, except in rare instances, tends to throw
the greater part of the gold with the iron tailing. Soda ash or caustic soda
is used because it has not the detrimental effect on the gold, but unfortu-
nately it does not deaden the pyrite. Its effect is sufficient to keep the
pyrrhotite from floating, but pyrite floats readily. Soda disperses or
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deflocculates the gangue slimes whereas lime coagulates them. However,
in the case of soda, there also seems to be a tendency to coagulate the
sulphides.

Sodium cyanide added to a pulp, the alkalinity of which is maintained
with soda ash, can be used to permanently deaden at least a part of the
pyrite, but it also has a modifying effect in some cases on the chalcopyrite
as well. The chalcopyrite can be reactivated by the addition of a limited
amount of copper sulphate. By the use of eyanide under these conditions,
it is often possible to obtain a higher ratio of concentration without lower-
ing the recovery of the gold.

ExampLEs or SeLECTIVE SpparaTiONS ON CoprpErR-IRoN ORES, WITH AND
wiTHOUT GoLp VALUES

1. This ore was a complex sulphide consisting of chalcopyrite inti-
mately associated with pyrite. The chalcopyrite was disseminated
throughout the pyrite, the sulphides constituting 80 per cent of the ore.
The ore was ground to pass 100 mesh, 75 per cent being —200 mesh.

Analysis:

3:0 per, cent
400
7.5«
4.5 ¢
45.0 «
Results of Tonnage-scale Test:
Copper coneentrate. ...oo.oveevvrineiniieiieninnnnnen.as 22+77 per cent copper,
516 T D 0.12 « ¢
ReCOVErY . uur et iiiiir i iiiiiininians eretrre e, 96 per cent.

Reagents Used.:

Lim. 10-0 1b./ton added to ball mill.
Barrett’s No. 634. .. 06 “ ¢ “
TT miXbure. oo v eevnennrirrerienneeninnss 0-25 « “  to cells.

2. The ore was a copper-gold ore from the Rouyn district, Quebec.

Analysis:
[76) 13 175 460 per cent.
Tron. .. . ... 19.83 ¢«
Silica.. 50-64 ¢
Gold.,

004 oz./ton.
Silver. 0.22 «

Small-scale test only was made.

Results:
Assays Per cent of values
Product Weight,
per cent Cu Au
per cent oz./ton Cu Au
Copper concentrate.......... 35:3 12.14 0-11 950 811
Copper middling............ 85 1-39 0-04 26 7.1
Tailing..ooevevivererneannn. 56-2 0.19 0-01 24 11-8
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Reagents Used:

4.0 Ib./ton added to ball mill
007 ¥ “ cells
0 . 05 [{3 [} ({4

3. This is a copper-gold ore from the Rouyn distriet, Quebec.

Analysis:
G ODET .t it sereeranernrssnssssosarisesrarssasssisnnronsanaussnns 1.6 per cent
) 1 0-28 oz./ton

Small-scale test only was made.

Results:
Assays Per cent of valaes
Test Product Weight, s r
per cent u u
per cent | oz./ton Cu Au
A |Copper concentrate.....oouvvvervnans 31-0 4.77 0:76 90-4 85-2
Tailing..o.vvverereeennnirnreeracnes 69-0 0-11 0-06 9.6 14.8
B [Copper concentrate......coovevresrss 22-9 6-50 0-98 94-1 80-06
ailing....... evianes R RN 77-1 0:12 007 5.9 19.94
Reagents Used:
(A) Sodaash.....coevvnnerernns Ceernes teveesersseess 6:0 1b./ton added to ball mill
No. 4 creosotoe (Barrett's) F 04 ¢ “ “
Cresylio acid............ ceeres e rerreiereraes 04 ¢ “  cells
(B) Sodaash......ccoverananses e erear e rerereaes 60 “  ball mill
Cyanide...... e ereererhearrasaarrarttrarras 0-2 “ “ “
NO. 4 0TEOBOO. s 4 vvrverrartarersurtnssnroriases 0-2 “ “ “
Water-Za8 £l s v veeenerrnetsserararassnsscanaes 005 ¢ “ “
Xanthate. .. .veverseenerrrertssiarnsereansinranns 006 ¢ “  gells
Copper SUIPhate. vvvveeerrneriirsnrrroeseiessaces 0-4 f« “ “«

Note—The use of copper sulphate in test B was found necessary in prder to
reactivate the chalcopyrite which had been affected by cyanide.

ORES CONSISTING OF INTIMATE MIXTURES oF CHALCOPYRITE, SPHALERITE,
AND IRoN SULPHIDES

This type of ore probably presents the most difficult of all selective
flotation problems. The use of cyanide to temporarily deaden the zine
and to permanently deaden the iron sulphides seems essential. However,
separations have been obtained in our laboratory by floating the ecopper in
alkaline pulp by the addition of lime. For the flotation of the zinc the
copper tailing was dewatered to eliminate a part of the lime and the pulp
then brought up to the required density by addition of fresh water. At
this point soda ash was added and the zine floated in a soda ash pulp,
copper sulphate being used to help reactivate the zinc.
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ExaMrres oF SELECTIVE SEPARATION OF COPPER AND ZINC FROM PYRITE AND
PyrruoTITE GANGUES

(1) This was a copper-zine ore from the Rouyn district, Quebec. The
sample contained sphalerite and chalcopyrite together with a little gold and
silver associated in a heavy sulphide gangue. The copper and zine sul-
phides were finely disseminated and fine grinding was required.

Analysis:
(0703 3 - 415 per cent
ZINC, ..ttt e i 10-0 “
[ 7)1 S 0-18 0z./ton
51 302 ¢
Small-scale test only was made.
Results:
Assays Per cent of values
Product Weight, G - n n
per cent u m u o
per cent|per cent| 0z./ton| oz./ton Cu | Zn | Au | Ag
Copper concentrate......... 17-3| 20-66 §-91 0-56| 11.-96| 85-5| 11-8| 50-3| 65-7
Zine concentrate,.......... 14.6 1-96) 4857 0-32 1-39] 6-9] 69-8) 24:3f 6-4
Zine middling.......... .. 81| 1.30| 11-37] o0-30] 3-8 2-6 91 12.7 9-8
Tailing............ RO 61-0 0-35| 1-66, o0-04 093 5.0 9.3 12.7 181
Reagents Used.:
Soda ash.............. v e tre e 10-01b /ton added to ball ill
Cyanide........oovvvvivninnnrennns 05
Thiocarbanilide. ... .. . . .. 1.0 0.2 ¢ “« “«
Cresylicacid..........ovovvvneen. 0-2 « copper cells
Copper sulphate.................. R T “ zine cells
Xanthate.......c....... ceveieiees Crreeenes e 030K “ #

(2) This was a copper-zine ore from the Rouyn district, Quebec. The
sample contained sphalerite and chalcopyrite together with a little gold and
silver in a heavy sulphide gangue. The copper and zine sulphides were
finely disseminated and fine grinding was required to free them. The
erection of a mill is contemplated in the near future on the basis of the
results of these tests.

Analysis:
(074711153 N ereeeiaeines 7+36 per cent
/L DD .. 653
Lead......ovvennn. P trace
Iron,.e.iveieiiiinnnninnnes PN . 3540 ¢
Insoluble............ e iraser i, b everee s serans 18-6 “

old............... P . 0 03 0z. /ton

Silver..........vuvu. . Cereeene

Small-scale test only was made.

51694—9
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Results:
Assays Per cent of values
Produet Weighté G Y A
per cen u n u Iy
per cent{per cent} 0z./ton | oz./ton Cu Zn Au Ag
Copper coneentrate......... 280 23.74 368 0-80 7-04[ 930] 16-1 75-4] 76-0
Zinc concentrate............ 9.8 1.22| 47.38 001 0-81 1.7[ 72.91 3.4 3-1
Zine middling,............ 9.7 107 3:68 0-01 061 1.4 5.6] :3-4 2-3
Tailing........... PP 52+5 0-53 065 0-01 0-92| 3.9 54 17.8 186
Reagents Used:
Sodaash.....ccoiiiiiiiiiiii i 4.0 lb./ton added to ball mill
Sodium cyanide.. vee 00 ¢ « «
Thioearbanilide. . “ “ “
Cresylic acid..... e O « “ “
Copper BUIPRATO. . v ovvi vt iiein i ierannrans . “ “  copper cells
Copper sulphate. .....oooviviiviiiiiiennininnes . “ “  zine cells
Xanthate. .. coviiiiiein it . “ “ “
Pine ol No. B.viiiiiiiiiiiiiiiiniiineineinnns . “ “ “

(3) The ore contained gold 0.099 and silver 1.36 ounces per ton; cop-
per 1.89, zinc 4.61, lead 0.45 per cent. The ore was ground to 95 per cent
~—200 mesh for the test work. A large amount of research work has been
carried out on this ore by different people. The best results obtained so
far are with the following methods, two of which will be described.

Method No. 1. Lime, 3 pounds per ton, was added to the ball mill
while grinding. Agitated with salt, 1 pound per ton, for- 3 minutes.
Floated copper with xanthate, 0.12 pound per ton, and 1 drop pine oil.
Reclean concentrate with salt, 3 pound per ton; xanthate, 0-02 pound per
ton; and 1 drop pine oil. Agitated with lime, 1 pound per ton, and copper
sulphate, 4 pound per ton. Floated zinc with xanthate, 0:12 pound per
ton, and 1 drop cresylic acid. Cleaned concentrate with copper sulphate,
0.1 pound per ton; lime, 1 pound per ton; and xanthate, 0-02 pound per
ton.

Method No. 2. Agitated with soda ash, 3 pounds per ton; sodium sul-
phite, 1 pound per ton; and sodium cyanide, # pound per ton. Floated
copper with xanthate, 0-12 pound per ton, and 1 drop pine oil. Recleaned
with soda ash, 1 pound per ton; sodium sulphite, 3 pound per ton; and
xanthate, 0.01 to 0.02 pound per ton. Agitated with soda ash, 1 pound
per ton; copper sulphate, 4 pound per ton; and sodium sulphite, 1 pound per
ton. Floated zinc with xanthate, 0-12 pound per ton, and 1 drop cresylic
acid. Cleaned with soda ash 1 pound per ton; sodium sulphite, 4 pound
per ton; xanthate, 0-01 pound per ton, and 1 drop pine oil. -

The following results were obtained from the first method, and in order
to approximate continuous operation a series test was made. The copper
was floated as a rougher concentrate which was cleaned, the tailing from
the cleaner being added to another batch of ore before this batch was
floated for the copper. The tailing from the copper flotation was floated
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for zine, and a rougher zinc concentrate made. This was cleaned and
the tailing from cleaning added to the copper tailing from the second
copper flotation. The test was run continuously on 15 charges of ore, 1,500
grammes to the charge. The results follow:

Copper concentrate Zinc concentrate Tailing
—_ Metal [ Ratio of Metal | Ratio of Metal

Assay |contained,| concen- | Assay [contained,| concen- | Agsay |contained,

per cent | tration per cent | tration per cent
Cu......... 17-0 83:0 1085 1.1 505 11-3 0-28] 11.95
Zn,........ 30 5970, ..., 43:5 83:21.......... 0-6 10-83
Au......... 053 485 |.......... 003 28410000000, 0-08, 25-10

Ag......... 4-90) 331 |iivninnas 1-8 1044 |.......... 0-94 56+5

Pb......... 4-4 900 [.......... 00 (LR O 0-05] 10-0

EXAMPLE oF SEPARATION OF CHALCOPYRITE AND GALENA

These two minerals are being successfully separated in actual mill
operation. Previous to the operation of the selective separation, the two

minerals were collected in the one concentrate and shipped to the smelter. -

The operation of the selective separation to produce separate lead and
copper concentrates has increased the net returns per ton of crude by the

« amount of $4.65.

The separation is effected by floating a bulk concentrate containing the
lead and copper. This concentrate is subjected to a time contact with the
required modifying reagents until sufficient action has taken place to pre-
vent the copper from floating. The pulp is then floated to produce a lead
concentrate, a copper concentrate being obtained as a tailing. The ore
contains approximately: lead 6.9, copper 2.36, iron 25.0, and insoluble 24.4
per cent. An average day’s run gives:

Pb Cu Fe Insol.
per cent per cent per cent per cent

Feed 6-0 R £ T P R
Pb concentrate 517 2-7 4.1 21-8
Cu concentrate 3-9 227 241 15-5

ailing, 0.7 (12 20 RO D

The flow-sheet of this separation is as follows: The feed goes to a 10-
foot MacIntosh cell, tailing from this to a second 10-foot cell. The froth
from the second is returned to the first; the rougher froth goes to a cleaner
and recleaner. The recleaner froth, which is a bulk concentrate con-
taining lead and copper, goes to the time contact tanks where reagents are
added to effect selective separation. The pulp then comes back to a Mac-
Intosh cell for the lead-copper separations. The tailing from this cell is
the copper concentrate. The froth is recleaned in another MacIntosh cell
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which makes the final lead concentrate. The tailing from this cell is
returned to the cleaner which cleans the bulk concentrate and the tailing
from the bulk concentrate cleaner goes back to the head of the circuit.
The reagents used are approximately as follows:

Ore ground with: soda ash 5.0, sodium cyanide 0.5, zine sulphate 2.0,
thiocarbanilide 0-1, and xanthate 0-1 pounds per ton. The ore is then
floated with the addition of xanthate 0.16 pound per ton, added to the
cells. This produces a bulk concentrate which is given a time contact of
15 minutes with, lime 1.0, cyanide 0.5 pound per ton, and then floated
for the lead concentrate with TT or T & A mixtures.

The results of the experiments given here are not confined to laboratory
experiments; they can, under proper control, be obtained in actual milling
operations, and in general they can be improved upon. It was pointed
out at the beginning of this article that sélective flotation is no longer an
uncertain operation, and no mining company should hesitate to adopt it on
this account. 'The increasing number of customs flotation plants in the
United States is the proof of this statement.

If possible, a small pilot plant should be erected at first to develop the
proper methods of control. The controlling condition must not only be
known, but it must also be known how to maintain it in actual operations.
Some idea of the delicate control required is obtained when it is considered
that often $welve or more different reagents are being used in quantities
varying from one-tenth of & pound to ten pounds per ton. If it is not

possible to build a pilot plant, then the next best procedure is to have -

tonnage-scale tests made at some laboratory equipped to perform them.
In this connexion it is desirable for the company to have its own engineer
representative present during the tests.
















