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THE TESTING AND CONCENTRATION OF A LAKE CHELAN COPPER-GOLD ORE

The purpose of this investigation was to test mnd sttempt to concen=-
trate a copper-gold ore from Leke Chelan, Washington.

The ore studied came from the Lake Chelan district in the North Central
section of the State of Washington, As is well known, ?he Howe Sound Company
ovns and operates a mine and mill et Holden, Washington, some fifty miles
forthwest of Chelsn, Yashington, WMill concentrates from this section of
the state ara sent to the Amoriean Smelting and Refining Covpany's smelter
at Tacoma for smelting =nd refining, The exsct origin of the ors studied
by the writer is uninown but the sarple bag was marked, "Lake Chelem Copper

Ore."

G.IOLOCY

The geologic Listory of the lolden area and Lake Chelan district is an
integral part of tie history of the Cascade lountain Range. %The structure
is very camplex end the rocks, which have been subjected to intense metemor-
phie action, are portions of a roof pendant and consist of gneisses, schists
and @artzites that are often difficult to correlate. Nany granitic dm-;
lorge and small, and lamprophyre dikes, generally small, are intruded in the
formation. Considerable silicification oceurred with the ore deposition, Ale
though the geology is complex, the rocks have some characferistics in common;
they are all hard and abrasive,t

1, Curzon, J, J,3 MNining Methods Used at Folden Mine,”™ Mining Congress

Joumal, pp. 10=11 (1941)
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' The ore exanined is essentially s ecopper ore. This will be shown later
by tests performed in determining the ninerzls presént.
The charscter tnd association of the gold in the ore body st .Clhelan has
been a matter of much study. The para.enssis of the orve indicates tiat the
gold was introduced at a late stage of mineralizetion; hemce, its intiuate

association with all of the sulphide minerals am d witL gangue as free mm.‘

Crushing and Savplings
| About fifty pounds of the are were availeble, The maximum size of the
ore was spproximately six inches. m cmplet.e sample was crushed to 3/4
inch size in the Blake jaw crusher in the mill building. After coarse
erushing, the ore was passed through smell rolls, so set thqt tle product
would pass six mesh,

Dead Semple Assay:

A Tones splitter vwes used in sampling the material, Splitting was re=

peated until adbout 100 FPEME reraineéd, This semple wes ground om the duck
board %o pass 100 mesh =nd assayed, A cheulenl analysis of the bhead sample

is given in Tadle I.

Table L
slenent Per cant
Cu 30“
¥Fe 10.9%
Zn 0.69
Py Oad
Insol 66.4
Au 0426 02, per ton
Ag ! 0,75 oz. per ton
Sulphide content 18-208%

2Pearse, H. A., and Zanadvoroff, V. A.; "Howe Sound's New Holden Mill,"™ IEng.
and Mining Journale (Nov, 1939) pp. 31



Siz Ansalysis
# gereen analysis was run om the minus 6 mesh ore sample, Ro=tap
screening was employed and the sample was screened for twenty minutes,

The results of the screening enalysis are presented in Table IIX.

Teble II
MESH wICT? (ems) rrycET 4 CTRL T, %
-6 48 220 5402 5462
=0 410 39,7 10,12 15,74
-1l4 420 586 14,95 42,64
20 428 45,5 11.6 54424
‘% -‘35 36.5 9.:’-‘2 " 63.56
=00 $48 Coek Ga03 72,09
-43 460 e 6 : 8.08 00417
=G5 +100 e 8,91 89,08
~1004150 11.8 2496 92,04
=L504200 745 A 1.91 90495
~200= AT _6:05 100,00
391.8 100,00

Float-and-cink Analysiss:

The next step was the separation of the heavy sulphides from the
lighter gamgue materiel. Acetylene tetrabromide, a heavy liquid with a
specific gravity of 2,95, was used in these tests., JHach of the sized
products, with the exception of the minus 200 mesh material, was subjected
to float-and-sink tests,

Hach screen~-sized product of the above 391.8 grams from minus 6 plus
8 mahlwas separated by pouring the entire sereened product into a 250 cec.
beaker, three quarters full of the heavy liquid, The 1iquid end ore mize
ture was stirred, The heavy minerals or those with a density greater than
the heavy liquid medium, semk, while those particles with a lower density
floated, In esseh cese the fraction of the sample which floated was remowed with

& small wire screened scoop, dralned, washed with carbon tetrachloride, dried



epd woighed. The heavy liquid was drained fram the sink material by de-
cantation. This product was thoroughly cleaned with five washes of carbon
totrachloride, dried and weighed,

The finer sizes from minus 48 mesl were separated in a 250 ce., separa-
tory fumnel again using aeetylehn tetrabromide., The sink materiel was
then drawn off through the spigot of the furmel and was collected in a
filter paper, After the heavy liquid had drained, the material was washed
thoroughly with carbon tetrachloride, drained, dried and wiighed. The
float material was drained off =mnd treated in the same way as the sink

product.,
The results of this treatment sre given in Table IIX.

Table IIX

LESH BT iT«3 0K WT «FIOAT % DN % FLOAT
e o (gsar
-6 48 28,0 Ba5 13,5 38,65 6145
-3 4l0 He7 15.2 24,0 SCed 61.7
-k 14 4648 17.0 29.8 J6e3 83,7
-14 320 58,6 20.6 58.0 U5.05 64445
=20 +28 &#,, 15,3 a2 33461 66439
=28 +35 6.5 11.5 25,0 315 6845
35 448 33,4 9.4 24.8 28,15 73485
“48 465 5.6 8.4 23.2 26,38 73, 52
=65 4100 .9 10,7 22,2 30.67 69,33
=-1004150 11.6 35 8.1 32,18 69.82
=150+4200 7.5 ' 3e0 4.5 40,0 60,0

=200 24,7

591.8
MICROSCOPIC STUDY

Preparstion of Briquettes;

Lucite and bakelite briquettes of the sink prolucts were made as a
preliminary to the microseopic study, Iucite was used as the mounting

medium for the products from minus 6 plus 2 mesh to »inus 65 nlus 100 mesh.



Bekelite was used for sizes smaller then 100 mesh,

In meking the lucite driguettes the following details were observed,
The mineral sink-vroducts were vlaced on the bottom plunger of the briquette
mold after all surfzces of the mold had been oiled with mineral oil or a
speciasl grease, A caleulsted emount of ground lucite was next added to the
mold and then screwed down into position, Heat wes mpplied to the mold by
means of an electric eoil wbick swrounds the mold. A pressure of 4000
pounds per square inch was malntained throughout this heating periods A
therzometer rested an top of the wold in a small cup of mercury so that the
teuperature could essily be read. Vhen the mold temperature reached 85° C,
the heat was tumed off and the cooling device~-an electric fan--was started,
The driquette was compressed to 10,000 pounds per square inch and kept at
this pressure until the temperature hed resched sbout 40° G, By releasing
the pressure, the briquette could bde removed from the mold by foreing up
the lower plusiger by means of the jack,

The bakelite bdriquettes were prepared by a somewhat different procedure,
although the same machine and mold were used, The preparstion of the bakee
lite driquettes followed the order given delow,

Foual volumes of the ore and minus 200 mesh bakelite were mixed, A
sample of this mixture wns corpressed under 12,000 pounds per squsre inch
inca specisl mold, This yielded a herd, eircular cake of tle bakelite and
ore sbout one guarter of an inel thick and one-half an inch in dimceter.
Tiis cake was then mounted on the bottom plungsr of the mold in the same
mamer as with the lucite briguettes, liinus 65 mesh bakelite in calculated
amount was added to the mold, The rest of the treatment closely followed

that used in preparation of the lucite briguettes except that the temperature



was raised to 50° ¢, before compression and ecooling

All briguettes were trimmed on the emsry wheele They were then ground
by hend using 600 carborundum. The purpose of this grinding was to remove
surface pits and to briéng the surfaces of the mineral products to a smooth
polish, Further grinding was done with minus 10 mesh alundum.. The gpecimens
were then polished with stannic oxide on a broadeloth lap.

Examination under the nicroscope revesled find sebetches, so the specimens

were further ground and polished on & mec'snical polishing machine using dead
1sp8 inpregnated with eludriated carborundum or alundum and a kerosene~oll

mirxture as & lubriecant,
This trectrent formed s plene surface on the brigquette with 1ittle re-

liaf, All briguettes were not treated on the polishing machine,

Vineral Identifiestion;
The polished briquettes were stufied one at ¢ tine using the laboratary

Metallographie microscope, The witer did not use nicro-chemical methods in
cetormining the minerals present, but iastead identified the minerals present
by their physical proporties and reasurenants. Color is perhajpe the nost
valuable guide to the identification of & mimersl,” By means of color,
crystal hablt, and relief, all the more common ore minerasls such as pyrite,
pyrrhotite, chalcopyrite, sphalerite, arsenopyrite, galena and hematite can

be recognized at sight, This £s fortunate, for if it were necessary to conduct
etching and microchemical tests for each mineral, the amount of time required

to exmmine the dbrigquettes prepared would be prohibitive,

“Ushort, M. N3 "Meroscopie Determination of Ore Mineralel United States
Geological Survey Bulletin 914, pp. 59-170
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Hardness was also used as a method of dstermination, Hardness was
measured by scretching with a needls on the surfsce of the uihersl specimen,
¥any of the specimens were examined and Table IV presents a resume® of |

the writer's findings.

Table IV
WIOTERAL DETERMINED BY

PYRRIOTITE Color-~bronze to pinkish cream,
Hardness-erelatively high.
Large quantities present.

COTFLLITE Colore=indigo blue {one small particle identified)
SPHALERITE Color~egray (2 or $ small particles identified)
CHAICOPYRITE Colopewbrass yellow
Hardnesss-seratehed with needle (distinguished
Yairly large smount present. from pyrite)
VIRITE Volore=pale yellow

dgrdnessw-not scratched by nsedle pofnt
lLarge amount present

Galldla Color-=iwhite
Crystal Labit = cubic « (one sample identified)
&,

-n- size of ubmum was also determined by mieroseope study. By

SRS A s - 0 W g . “w T’,A,.”,‘, L]

omiuing the tlon-md-nnk products it was concluded that liberation of the
chalecopyrite from the pyrite, pyrrhotite and gangue oseurred at approximately

150 mesh, With this date in mind, flotetion teste wera the next step in this

investigation,
FLOTATION TESTS
Introduction

It way be eondluded thus far from the atudy completed tlat the ore is
a coprer=gold ore with large amounts of worthless gangue =nd iron minerals,



The problem then is to eliminate as much gangue and as mech iron sulphides
as possible within the ecomomic limits, From ihe geologists® reports on
the distriet it will be noted that the gold is sssociated with the gangue
end the sulphides, The iron in the pyrite and pyrrhotite in itself is
worthless and probably detrimentel as fer as this pooblem {8 concerned, but
dus to “he associstion of the gold, t}vcro is e linit as to the muount of
iron sulphide ﬁ:—at is to be discarded,

The successful seneration of ohaleopyrite from iron sulphides (pyrite
and pyrriotite) requires the solution of two irodlema,

1. The first problem is to freo the copper mineral from the iron mine
erals, The size of liberation hes alieady been detsrmined, Fine grinding
is aluay; necessary in tids kind of problem due $0 the intinate assodation
of cialecopyrite with the pyrite and pyrrhotite.

2. The second problem is to prevent the iron minersls from flosting
with the copper miherals. This cen m:;-um in the case of »
chaleopyrite end iron sulphides containing no gold by mainteinipg & pulp
stroangly elkeline with lime, Lime has a permsment dopressing effeet on
yyrite and pyrrhotite and & very high ratio of cmecentration can be obe
tained.® |

As a rule pgoldebsaring copper ores present an entirely different
problem, 10..m*mr1ng the gold in the copper aunocatrato.‘ Free
gold is depressed by lime, but M&t ean be used as a collector of gold,

Soda ash a-‘“;austic anda esvld bhe used becsnse they do not have a detrimental
effect on the gold, b “MMmev thay do not depress the pyrite, Thely
effect 1o sulffielont to koep the nyrrhotite dgsressed, but pyrite floats

M, Ce G4t "Seleotive flotation as applied to Canadian ores," Can.
Dept, Mines, Vemo,ssries 29 (1927)
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readily, Soda disperses or Ceflocculstes the gangue slimes whoreas linme
ecauses flocculates, Soda, however, tands to flocoulate the sulphides,®
Grinding:

The misus € mesh naterial wes sanpled by coning mnd then splitting in a
"~ Jones' ssmpler, until a sample of about 8«10 pounds remained, The materisl
was further ground in a leborstory MoCool type pulverizer., This pulverized
senple wes sgain gplit into 600 gram samples. Approximetely 10-20% of the
pulverized material was minus 150 mesh, This minus 150 mesh material wes
removad by sereening and the plus 150 mesh ore was pleced in an Abbd porce-
lein pebdbble mill, Flint pebbles were sdded to approximately 305 of mill
volumes The water level was the same as tho level of the top of $he pedblles,
Tap water was used in =1l grinds., In ofMder to prevent mr-g:rlnding.f stage
grinding was practiced, The ore was ground for a short time, acreened and
the plus 150 mesh materisl was returned to the mills for further grinding,
This process was repested wntil 90% or more of the material passed through
tho dosigneted soreen, The ore was exceedingly hard end required leng
poricds of grindingl The wmdersize from the 150 megh screen was sbout 50%
minus 200 mesl, The undersize was transferred to the laboratory 600 gram
Pagargren flotutlion cell for testing «

Beagents:
_ doble V.
REAGRNT FUCTION AVPROX CONC
1b, per ton
Ethyl Xanthate collectors «05=,18
Ayl Xanthate w +05=,15
Aerofloat m w «01=10

-

‘Porms, Co Seq OPe ¢it.,




.....

Tuble ¥V (Cont)

REACHTT FUNECTION APPROXLs CONC.
{ib.per tom)

Lime conditioners 1.0-10,0

Soda dsh ol 1,0=540

Cy=nide » 2 05=,75

Cresylic Aeid frother 005, 2

Pine Oil i o05=e2

From the Ameriean Oyuind.d Company Bulletine "Flotetion Reagents™
{1940), the preceding tentetive list of reagents was chosen for the pree-
liminary tests, Table V gives the chosen reagents,their function,end

suggested quantities,
Flotation Test Nos 1 (A Preliminary Test)

This test was yun on the mdmus 150 mesh without the addition of any
conditioner, The prodt.;ets, & rougher concentrate, snd tailings were weighed
and pssayad for Au, Ag, Fe =nd Cu, From the analysis of the »roducts, it ecan
be seen that the reagenys used psrnitted = high recovery of gold, silver
and copper, The iron recovery was no% as good as that of the other metals
but thst 4did not matter becsuse in this test it slowed conclusively that
' the problem would be to ellminate gangue and depress the iron in order %o

raise the wvalus of the copperegold concentrate.
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MOITTANA SCHOOL OF I'INTS
Butte, liontana

FLCTATION L/EMORANDUM
Date 193

ore Mo, 18 Test No. 1 Ore LAKE CHELAN COPPER QRE

—— o e -—

v —

Grind:
Primary Minus 6 mesh Final: Mill Abbe' Mesh _Minus 150 Tims 10-12-8

—— - —

“ter: GOrind tepwater  ~ Flotation __ __ distilled
Percent Solids 26 TFlotation machine used FAGERGREN
iieight, deight Assay, percent Fercent of the Total
Proluct grams | percent RECOVERY
: Au Ag | Cu | Pe_ | Ou | Auw Fo
R, Cone. 198 33.0 1.015 1.45 9.48 | 27,4 | 98.5 |96.9 84.9
R, Tells,| 395 87.0 «008 | Trace 15 | 2.4 | 3.8 | 53 13183

Reagents Pounds mer ton of crude ore

GRIID CUlDe

KEX «83
Aerofloat {208 )
Pine 01l ol
Time, minutes 30 5

-Remarks: PH = Bo6 Skirmed froth for 5-6 minutes,




Ore Yo. 1g Test No._g@ _ __ Ore __ LAKR CHIELAN COPPER ORE _

Grind:

FICTATION

MOITTANA SCEOOL OF 1'IN'S
Butte, liontana

I’EMORAIIDUM

Date

193

Primary pynue & megh .. Final: Mill Abbe?  Mesh mipug 150 Tite 10e]2-8

‘iter: Grind __ depwate® =~ TFlotation ____distilled
Percent Solids __ 8¢ . Flotation machine used FAGERCREN
iieight, Height Assay, percent Tercent of the Total
Proluct grams percent RECOVIRY
R, Cone," 203 m& ,81 1,95 8,36 21.7 QM_,&L_Q._L_
B Tails =97 66.2 027 28 .87 Sa24! 6.9 | 16,7 |321
Couposite| 600 100.0 o29 283 | S.4' | 10,8 [100,0 00,0 0000
Reagents Pounds mer ton of crude ore
_REAGHENTS GROMD | COND,
XEX 1.0
Asroflont §208 1)
_Plse 011 ol
Lime (Cal0H)g) 5
Time, minutes 30 5 : 0
4 Troth skimmed from 5-8 minu

‘Remarks: pH « 7.8

tes.




MOITANA SCHOOL OF I'IN'S
Butte, liontana

FIOTATION NMEMORAITDUM
Date 193

Ore No. I8 Test No. & Ore _ L&KE CHELAN COPPER ORE

Grind:
Primary minug 6 mesh Final: DMill Abbe' Mesh minus 150 Tine _]10«-12«8

“wter: Grind _ gpp weter. .. ._....._ Flotation 4istilled . _
Percent Solids __ gg . ._...... .. Flotation machine used FAQTRORIN
Weight, Heizht Assay, percent Fercent of the Total
Procuet grams | perceunt RECOVERY
Au Ag._ | Ou Yo Au Cu Te
R, Cone. 201 Sl 272 1.28 Dad 204 | 93,0 80,4 752
R, Tails _ 798 (P § 2027 218 .. 4.3 2,0 11,86 | 28,8
Composite 599 100,0 226 o 79 Ce 10,7 1100,0 {100,0 | 100,0
Reagents Pounds rer ton of crude ore
GIRIND |
KX 1.0
_Aerofloat {208 9
—Lime 1.0
Pine 011 o1
Time, minutes z0 5

~ Remarks: PH - 8,0 Froth skimmed from S-8 minutes

A




MOITTANA SCHOOL OF I'IN™S
Butte, liontana

FIOTATION NEMORALDUM
Date 193

Ore No.__ 18 Test No. § Ore LAKS (IISTAN COPPUG ORB . .

Grind:
Primary minus 6 mesh Final: Mill _Abbel Mesh minus 150 Time 10133

Ster: Grind tap wator

e Flotation _ distilled

Percent Solids _ 26 __Flotation machine used _FAGEIGEUN

Weight, Weight Assay, percent Fercent of the Total
Protuct grams percent
A Ag | Cu Fo | Mu Cu | Yo
Re Conce 154 U8 78 1,57 D69 | 24,9 | 04,8 003 73.8
B, Talls 408 8.9 019 | .18 68 | 4.08|5,2 | 18,7 | 26,5
Composite 8590 100,0 26 «03 5 § 10,68 | 100,0 (1000 | 10040
Reagents Pounds rer ton of crude ore

GRIND CCID,

KX

1.0

Aerofloay (208 .5
Lina 8

Pine 041 18
Time, minutes =0 ]

Remarks: 7,86 Skirmod froth S8 rninutoes




MOITTANA SCHOOL OF 1I'IN'S
Butte, liontana

FIOTATION IEMORAINDUM

Date 193
Ore MNo.___18 Test No._§ _ Ore  LAKE CHELAN COPPER OBE  __
Grind:
Primary mipns 8 mesh Final: Mill Apbhat Mesh minng 150 Tine Jp.12e8

ti.ter: Grind—-—tap-mten R RS Flota tion Sty aistilled - —

Percent Solids LRSS e, lotation machine used FACTRGEN

Weight, Hdeight Assay, percent Fercent of the Total
Procuct grams percent ) oY
Au | Ag | Cu Fo | Au Cu Fa
R, Conge—| 184 2.2 L8 2,00 8,55 1 24.5 |93.8 87.5 | 72,7
R, Teils 408 £3.8 02 A5 S8 4,16! 8.2 12,8 | 27.3
Composite 509 100.0 L4 | 784 208 110,58 [100.000100.0 (1000
Reagents Pounds mer ton of crude ore

GRIND COND .

e d 3 :ﬂ

Asrofloat $308 o8

Lina 1.8

Pine 011 A
Time, minutes =0 3

Remarks: g « 8.4 Skimmed froth 5«6 minutes




MOI"TANA SCHOOL OF I'INTS
Butte, liontana

FIOCTATION IEMORALDUM

Date 193

Ore MNo._ 1o Test No._8  oOre LAKE CHILAN COFPER ORE

Grind:
Primary minus 6 mesh Finzl: Mill Abbe® Mesh minus 150 Time 10.12.8

liter: Grind __ tap water e Flotation __ aistilled ___

Percent Solids 86 ___  __ __ Flotation machine used  FAGERGREN

velght, Weight Assay, percent

Fercent of the Total
Proluct grans perceit RYCOVERY
: : Au Ag Ou - | ¥e Ay cu Fo
K. Cone, 193 22,5 715 | 2,00 8.55 | 24,5 94,8 | 92,2 | 72,0
He Talls 400 67.5 2019 18 38 | 4.58! 5.2 7.8 | 28.0
Composite 593 100,0 Y] ‘278 301 11,1 | 100,0 Q0 100,0
Reagents Pounds mer toa of crude ore
GRIND CQllD o
KEX 1.0
Asrofloat f208 9
Lime 2.5
Pine 011 ad
Time, minutes 30 5

Remarks: PB = 948 Skirmed froth 58 minutes

Insol, 38-39%




MOITTANA SCHOOL OF I'IN"S
Butte, liontana

FICTATION IZEMORAIIDUM
Date 193

7, R iy -8 e
Ore MNo.___ga Test No. g . ___ OT® __ AKE GHELAN CORPIR ORE --

Grind:
Primary minus 8 mesh _Final: Mill ibbet Mesh sdnus 150 Timal, 158

weter: Grind___tag..mter-._ e om e Flotation = a4st411e8

Percent Solids _gg __ . __Flotation machine used FAGERGREN

weight, deight Assay, percent Fercent of the Total
Protuet grams percent RUCOVEY

W © WSS SR IS S - W UL . WIS SN W S WS S, N—
ReLong—1—163 e +£69 26211 9.1 | 20,41 894 |- 84ed| 52,2
BoeTalls | 425 | 71,6 | 038 | .12 | .67 | 2.4 ! 10,6 115,61 47.8—

Reagents Pounds mer ton of crude ore

=

CRIND COND,

8 < d 10
Asrofloat §208 PN
Na N -
Lime el
Pine 011 -1
Time, minutes 30 <) i

Remarks: _pH o 9.8 Skimmed froth Se8 minutes




MOITTANA SCHOOL OF 1'INTS
Butte, llontana

FILCOTATION I EMORAINNDUM
Date 193

Ore No. LG Test No. 8 _ __ Ore _ LAKE CIDIAN COPPER ORE

—

Grind:
Primary minus 6 mesh _ __Final: Mill Abbet Yesh mimug 150 Tins J0el2e8

-

‘ter: Grind gpp water . ... __..____ Flotation _aistilled  ___

Percent Solids 4,4 = . . . TFlotation machine used _FAGERGRIN

—— —

veight, deizht Assay, percent Fercent of the Total
Proluct grams | perceit RECOVERY
M | Ag | Cu | Yo M | ou | We
Cl. Conce 138 28 1,145 | 2.81 73 Clel | 99,6 | 86,8 | 68,7
ulddlings 60 11,52 2026 | L95 262 6a5
BoCone, 185 | 56,52 2793 5.2
Rs Tails 330 €248 201 214 220 4.4
Composite 928 100.0 2289 «829 2.1 11,% | 100,0} 100,01} 100,0
Reagents Pounds ner ton of crude ore

CRDM | colds

K 1,0
serofloat §208 2B

HaCH 0728

Lime 245

—Pine 011 ol
Time, minutes 0 5

Remarks: pH « 9.8 Skimmed froth S-6 minutes




MOITTANA SCHOOL OF 1UIN'S
Butte, llontana

FIOTATION NEMORAITDUM
Date

193

Ore MNo._ IC Test No._9,10,1) Ore _ LAEE CHTIAN COPPER OBR . .

Grind:

Primary pdpus 6 mesh _Final: Mill Abbg? Mesh migus 150 Time 10-12-8

‘wter:  Grind tap waber_ ... .. Flotation _ digtilled .___

Percent Solids __ g8 _Flotation machine used _guicuncon

iieight, leight Assay, percent FTercent of the Total
Frocuct grams percent
An Cu 1 e
Test 10, CliCone, 1,19 13.0

Test 11, C1J Cone, 13,7 | 50,4

Reagents Pounds ner ton of crude ore
Test |9 Test [#10 Test {11
GRIID COND, GRIND COND, | GRIND | COND.
KX 1.0 =3 -3
heroflost #208 5] D - a9
Lime 249 249 Se0
NaCly : 2009 213 .2
Pine 011 ~ e e
Na 510, e .5 .5
Time, minutes 20 8 =0 5 oo 5

Remarks: In Test No, 10 and 11, NaSioy Vvas added in cleaning stage in an effort

—HGrt—ori—bie san—ue —bortals-thatflonted



MOITTANA SCEOOL OF I'IN™S
Butte, lMontana

FIOTATION L EMORAIDUM
Date 193
Ore No._ e Test No.__]_'_am____ Ore LAKE CHFLAN COE"“‘.E!“ORE_
Grind:
Primaryminus 6 mesh  Final: Mill AbDe® = jegn minus 150 pyy, 10-1248
“ter: Grind %epweter = rpiotation  Q1stilled
Percent Solids_‘____f:_s.____ Cme....Flotation machine used _ ?‘).G"{%GIJI
Weight, Weight Assay, percent Fercent of the Total
Proluet grams percent
Au Cu Fe
Cleanor™A® 71 11.82 1,96 20,7 O0ek
Cleaner"B® | 25 4017 2308 | 4446 | 2647
Reagents Pounds rer ton of crude ore
GRIIND COND.
KX «0
Aerofloat #208 «33
Lime 2,5
XN +16
Pine 011 (+04)1b|per ton fto eondifioner t+ get Clesaner "A"
L +041bs| per ton sdditional to g9t Cleager "B"
Time, minutes <0 5
- Remarks: PH = 98

Cleaner "A"

frothing for 1j minutes =~ Cleaner "B" frothing for 2 minutes,

- =



MOIT

\ITA SCEOOL OF I'IN"S

Butte, liontana

FLOTATION LEMORANDUM
Date 193
bre Noo___yg  Test No. 33 Ore LAKE-CEIAL COPPER ORE-
[Grind:
[ Primary cious @ mesh  Final: Mill appeé  Mesh panng 350 Tile 3p.39.9

/

|

‘ e ter: Grind__m_w*‘ i R 3 el Flotation‘.md’_.-_
\\
\
Percent Solids a8 . ._........ Flotation machine used g conoomy =
eight, Heizght Assay, percent Fercent of the Total
Proluct grams | percent RECOVERY
Au_ | Gu | pe | au| cu Yo
Clesmer Cong, %2 12,0 2,315 1 21.6 e
91,6 | 89,6 42,1
R, Talls 465 77.5 035 | .58 8,3 8.4 1 10,4 | 57,9
Reagents Pounds rer ton of crude ore
GoIND COMD,
KAX 35
Aerofloat £208 0
Live S8
ECN 28
£ine 011 o4
Time, minutes 50 B [

Remarks: pH = 10

S Minutes Roughing ee= 2 Minutes Oleaning.




Ore No.— I!SZ Test NO.___;;‘_______ Ore

Grind:

Primary mimug 6 mesh _Final:

MOITTANA SCHOOL OF I'IN'S
Butte, lontana
FIOTATION NEMORANDUM

Date 193

LAK® CHETAN COPPER ORE.

Mill Abbe' _ esh minus 150 Time 10-15«3

‘eter: . Grind tep water-—. . . Flotation __  aistilled __
Percent Solids ____ og ........ .. Flotation machine used __ _pacoronmy
iieight, Height Assay, percent Fercent of the Total
Proluct grams | percent RECOVERY
A AR Cu e insold Au oy
Cleaner Cojs 82 10,98 | 14675 | 4,03 19,780 Ul,3 99,5 £5.0
}iddlings g7 9,68 240 290 £a%0 | 20,8 46.4 242 7,86
&, Cone, 199 R5e60 | o995 | 2,76 | 12,65 | 66.8 | 26.1) 99,92| 99,96
B, Tails 450 0.4 2029 210 adD | O. 85,00 08! .14
Composite 539 100,0 2254 275 307 1l.1 69,6 |100,0 1@.9
Reagents Pounds mer ton of crude ore
RO COND,
KX 33
Aerofloat f208 23
Lime 2,0
ECN Y
Pine 01l 04
Time, minutes o0 S 4
Remarks: i = 9.4

Roughing = & minutes

Cleaning = O minutes



-

DISCUSSICH OF RESULTS

Flotation tests lios, &, &, 4, 5 and 6 were run to ascertain the
effect of changing the pi by the addition of lime to the circult, It was
tought at nrsf that an alkaline circuit would depress some iron sulphide.
It was found, however, that changes in alkalinity in the asbsence of cyanide
had very little effect in depressing the iron sulphides, The gold end
copper recoveries were not affected except in Test Ko, 6 where the alka~
linity was high (pH of 9,6) In this test the recoveries were better than
in the tests at lower pii, value, mnging in Cu recovery from 83,36 with a
pH, of 7.8 to 92.2% with a pH, of 9.6, The gold recovery was little affect-
'ed, slthough there was an incresase from 93,1% with a pi of 7.6 to 94,85
with & pH, of 9.6, In test No, 4 the lime was added to the conditioner
‘inztead of at the grinding stepe in arder to determine at whieh point it

' ghould be ndded., The test was not necessary as the series of tests on
‘alkalinity eontrol 414 not aecomplish much, IHoxever, in practice the line
‘and eny other modifying agent cre generally added to the dall mill so the
new surfaces may be altered before conditioning in the flotation cells,

In test lo. 7, C.110 1lb. sodiuwa cyanide per ton was added, The copper
recovery decreased to 84.4% and the gold recovery was lowered to 89,4%.
However, the iron was depressed so that 52.2% iron remained in the reggher
concentrate,

In test No, 8 the rougher concentrates were cleaned, but the copper
content end recovery wers low, Study of a briguetted clesner concentrate
showed that there was too much gangue material floating., A chemical
enalysis showed 38% insol, present. This high gasngue percentage could be

due to; flocculation of the gangue particles; to "over-roughing and over



-ad

eleaning;* or to the use of too much frother,

Flotation tests Nos. 9,10 and 11 indicate the results of the writerls
intentions of raising the grade of copper in the cleaner concentrate by
decreasing the percentage of gengue and iron sulphides, To Tests 10 and
11, sodium silicate was added as a dispersmnt in the eleaning opemi?a.
The copper grade was brought up $o 13,0% and 15,7¢ in tests 10 and 11,
respectively, but it was not determined whether the increase in grade was
due to the addition of the sodium silicats or to the inerease in sodium
eyanide used, which undoubtedly depreseed the iron sulphides, It was
thought thet the lgﬂium eyanide added was the determining factor befause
the ratio of coneentration was only sbout 4,7;1 indicating the presence of
rach useless gangue,

Flotation Tent No. 12 was run to determine the lemgth of the time of
frothing and the optimum amount of frother noeded. The pi. was 9,5. One
drop of pine oll or an esquivalent of 0.04 1lb. per ton was added and o first
cleaner congentrate "A" was reuoved for 1) minutes and the enalysis of the
product indicated that most of the copper floated first. The second cleaner
was removed as a result of adding enother drop of pine oil end was skimmed
off for two minutes. This froth was dirty end contained a large per cent
of iron, sulphide, mostly pyrrhotite end siliceous gangue and some copper
end gold,’

Table XVI pi-es the results of flotation Test Wo. 13 in which the
uriter tried to add the maxisum practical amount of lime and cysmnide, The
pH. was 10, The results uere good,with 91.6% recovery of gold end 89.6%

recovery of copper in the cleaner concentrate and the middlings together,

The amount of KCN added (.510.per ton) evidently effected the chalcopyrite



since the rougher tails assayed ,587 Cu. 7The cleaner concentrate racoverw
ed in this test had the highest copper ussay that was obtained in all fcstl
performed. It was suggested that the pil, of 10 msy be high so in Test Ho.
14 the amount of lims and ECH was decreused and the test was operated at

a lower alkalinity. Flotation Test Ho. 14 gave the best results. The re-
covery of the gold and copper in the cleaner concentrate and the middlings
was over 99%. Great care was excereised throughout this test. .Ration of
concentration was 7,5:1 with only 12% insol. in the cleamer concentratej
the pH, was 9.4, It is from the dats and knowledge obtained from this

test that the following suggestions for further study, end the conclusions

are drawn.

CONCLUSION

A copper-gold concentrate containing a maxirum of 204 copper snd 1.675
0z. of gold per ton of ore was recovered., The recovery of both the copper
and the gold was over 00%. It i1s quite nrobable thet a concentrate of 24
25% Cu eould be recovered by further elimigation of the iron sulphides snd
frnges,

Cold was found to oecscur chiefly with the ehalcopyrite and pyrites,

Comparison can be made with the results of the ore studied and the re-
sults pbtéined from the cwpper are milled at Britinnis 41l at Britannia
Bémch, British Columbia, Canada. The association of chalcopyrite and pyrite
and thelr relative amounts in both ores are comparsble, Therefore, because
of these comparisoms, the proposed flow sheet wiich follows is similar to
that of the flow sheet at Britannia slthough simplified greatly. At
Britannia, also, tablea are employed to recover a pyrite concentrate which

is later utilized in the manufacture of sulphuric acid,



i

If a large ore body exists, the erection of & flotation mill would

be warranted,

| SUGOESTIONS FOR FUATHER SYUDY

A more couplete study of this copper gold ores -dm ’ntul ore of
the following considerations: _

1. Different pulp densities should be considered and tested. Ceudin
suggested pulp densities from 20% solids to 40% solids,®

2. Iron sulphides should be mers completely depressed, This can de
accomplished by dotorn_ining by tests the proper emounis of depressant
which should be added in order that the chalcopyrite will not be affected,

e Proper alkalinity could be found only by tests of varying pH.
values,

4, The effect of varying amounts of reagents should also be studied

in order to determine the least smount required to obtain a maximum recovery/

Scewdin, A, M., Prineiples of Mineral Dressing (New York, 1939), p.



SUGGESTED FLOW SHEET

COARSEIORE BIN

GRIZZLY

GYRATORY

CONE CRUSHER

ROLLS IN SERIES (to 1/8")
LIME
CYANIDE

BALL MILL

CLASSIFIER
{ATE

r_J__‘“ AMYL XANTH
———  AEROFLOAT#20%

PINE OIL

CONDITIONER

ROUGHER CELL
|

-3

—
w

ROUGHER CONCENTRATE ROUGHER TAIL
I
CLEANER CELLS

- J
LR AT o MIDDLINGS
REGRIND
I

RETREATMENT CELLS
|

l I
RETREATED CONC. RETREATED TAILS
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