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g . EROBLE%f
Tb deﬁlsé an economically profitable mathod of treatmsnt for
the ore of the Wisconsin.Mine.
o CONCLUSION ; ’
| The results of the examination were generally unsatisfactory;
l;kThe results of the tests and the microseoplc examinatlon established
' the fact that it is lmprobablerthat the ordinarylmethods of millipg
~can give a hioh recevery of gold@ | . ’

: Four prlncipal processes weré trle&o Théy Were flotatien§
'flotation followed by cyanidation9 roastlng and cyanidation and straight.t
eyanidationo,' o
; | Flotatlong under the presént clfcumstanées, is not practlcal due
| ,‘ito %he small size of the gold partlcles and the difficulty of separating
’arsenopyrlte and pyrite, A,recovery of 96% of the‘gold can be obtainad
in 62% of the foed, A SR T o

Flotatlon followed by cyanldatlon was not satisfactory.

de temperature;roastlng before cyanldatlon did not 1mprove'th@'
-‘récoveryo s | | | |
"‘ Stralght Gyanldation has greater possiblllties than any of the
o 6ther‘methods‘used in these tests. While the prellminary treatment bhas

no effect upon the recovery of the gold it is ev1dent that flne grinding

; lwarrants consideratlon.

, W understand that‘mill heads éan‘be maintained at 0.55 oz. or
;$12°20 per ton, with gold at $35 per ounce. ,With‘a,59% recoveryg this
iljglves a gross productlen of %7 25 per ton, If the tonnage is Suff10=

{;_1ently large the property might be operated at - profit.

- If the recovery rose to 66% (the recovery for fine grinulng),



the gross. productlon would be $8 05 per ton, Whefhér the extra cost of -
installatlo;, operatlon and depreciatlon of the addltional equlpment
  necessary would be more than $O 80 ‘per ton should be ascertainedo
S;elting ig the most logical course, but as this is 1mpossible
: uﬁder the’existing'circumstances, it 1S'apparent that a satisfgctory

method of treatment has not yet been established.,

LOCATION OF PROPERTY

The property is in the Nelson Mining Division, two or three
“miles southesouthwest from.the forks of’Midge Greek whlch empties into
the east side of Kbotenay Lake,, about 20 miles southerly from.Proctor, B C.
Ehe mine is reached “from ‘the railway at Midge Creek statlon;

‘ A.narrOW :oad.is practically completed for about'zg-miles‘up the creek;
  from‘ﬁher3kt0 the minéfthere,is a ?ack,trail which éan be improved into

a road. The total disfénce frdm éhe rail%ay to the‘mime ié fourteen’

| miles; The elevation at the ‘mine is about 6300 feet9 which is about

4500 feet above the railway at Mlage Qreeko |

ANALYSIS OF ORB

~ ‘[Aix 5 0,44 oz./‘ton e Pb - 0,35 ’,ﬁexﬁce"nt“
g - 1.88 oz./ton T %
Fej‘ﬂl 29,7 pereent o  ~ g | S = 30,5 "

Cu . e 10@43 1" , Iﬁsbl;yé 2§§5 kkk“'
a5 - 8'.50 k " PR _Caoe .

za o= 088 v U0 - -
Avsenopyrite  18.5 percent
Pyﬁ’te,f S 48,9 "

Galena : R 0 35 n
‘Ghalcopyrl‘be s 1,2 "

»Sphalerite : BERVE S N 7% < R



‘CI{ARAC’IER OF ORE
; 'I‘he bulk of the ore was crystalline masses of pyrlbe and
arsenopyrite Which wbre fractured and brecciated with chalcopymte form—
~:ing vemlets along the fractures. In these veinlets were also sphalerw,
i‘;e, gale»na, telluride mineral, tetrahedrite (?) and small partieles of
an unknown mineralc | | | |

| ; Par't of ’che gold occurs in finely disseminated particles
’jfalrly evenly distributedo The presence of a gold mineral is in@icated
| by superpannlng and infrasming resultse‘ Microchemical tegts ghow the
';presence of & tellurlde, and fusion ‘on a pyrex glass shows a gold tellu~
rid,e, In the chalcopyri‘t:e can be seen minute particles, too small to be

1dent1fied of a yellow mineral whlch may be gold.e

~‘The prlncipal gangue mineral is quartz,

SCREEN ANALYSIS

The = 200 mesh products were 51zed by ’che Haultain Infra-r
" sizer and microseope. ’
| 20 Minute grind, |

1600 gré'. ore 'aﬁd iOOO ‘grs of water in Mill.

INFRASIZING RESULTS FOR = 200 MESH -

- MESH %1 ME}SH‘ % "WGOLDv“
i _____Wh. % Dist
$-65 00| |4 250 19,8 251
65/100 0,1 | | 250400 21,7  14.4
| 100/280 0.2] | 400-560 18,9 17,3
150/200 2,4| | 560-850 12,3 19,5
| 00 97.8] | 8s0-w00 8.7 7.0
; i loo o 1100700 ’709" 894 :
R | | -1700 10,5 8.3 |
‘100, 100, |



20 Minute grind

- g 500 grs ore and 500 grs watér»inkmiil;
' _ MESH, 5 |
% 250 : o;se} :
| 250-400 14,00
400-»560 ;’28@40- .
| 560-850  22.85|
850-1100 15,04
1100-1700 7,08
;1'760' _12.20
| 100,

&N PREVIOUS I\ZIE‘EAiLURGICAL WORK

Previous wmrk on the Wiseon51n ore. has been earrled out by the

‘ Ore Dressing and Metallurglcal Laboratorles of the - Department of Mines at

‘,‘Ottawa, the Cons

olidated‘Mlnlng & Smeltlng Oampany of Canada9 Limlted at

kTrail B.C,g and the Ore Dres51ng Laboratories at the University of B C.

‘ The results at Ottawa showed that Flotation was not practiecal

and that by Cyanldatlon only sllghtly over 50 percent of the gold eould

‘beyrecovered, Smelting was recommended as the only profltable means of

~treating the ore

, although the’feasibility’wasfnot thorOughlykinvestigatsd@

The C.Mo & S+ Co., tests were principally ¢0n&ucted_along the

linesg:

1. '\Roasfzing :&;'cyaniaation, Reco%ry 20%

2o Roastlng & Chlorinatione Recovery 80% ‘ R -

- Roasting with 5% Soad Ash (MeKay method)fcllowed by

Cyanidation. Recovery 82%



L e Amalgamafioﬁ,V’Recoverylﬂ%
’5;‘;Tabling ;‘Recovefy depeﬁded oh bulk present.‘
. s, Di:eCtVCyaﬁid&tion; Recovery 42%
‘7Q Flotation = Unsuccessful

Thé roasting msthods were con31dered by the Company to be un-~
satisfactoryo As the temperatures varled between 780° and 145000 this
iiprocess cannot,be used due;to~the~proximity of the_Wiscon51n property x
to the Amerlcan border and the large amount 0f sulphur and arsenic fumes
that would be evolvede |
'Flotatlon Tbsts only were made at the Uhlversityo ‘ihe fesults were:not
’satisfactoryo The serles of tests indicated that (g) the,gold’reéovery
i'in gcconéenttate'depended almost entirely upon_the 5ulk of thét'éencenw'

)trate and (b) that it was not p0551b1e to separate Arsenopyrlte and

: yrlte by selective flOt&thEa | |
| s Two tests (6 13) wers selected from this serles as having the
L best p0531bilitles for satlsfactory results &served ag a baais for the
1earlier experiments in the present work. |
” . As the dupllcate #6 was abandoned w1thout assaying it will not
’ ,;be recorded but #15 is as follows: |
| . TEST 13

Charge to Ball Mill "  ore

1.

1000 grs 7

Water = lOOO grs

Lime - 2#/ton
KON - 0.1#/ton
,Time of Gﬁindi:g’u‘20~minutes¢’
| ‘cQNcENTRATE‘l |
'Aﬂdeaf, Aerofloat;#i5 ‘¢~00079#/ton

_ Cresylic Acidwf=‘0;068#/ton,"‘



Qe Conditiogéq - 2 mins

- Skimmed

o L

= 10 mins -

1’%@@17

~GONCENTRATE_2

Added . CusS0g = 1.0f# /ton

Skimmed =~ 10 mins

+ . GONCENTRATE 3

. Added = Comes Hy S0, = 5 cc.

#B0L = 0,02 #/ton
 Pine 0il #5 = 0,08 #/ton

Conditioned

8

'2 mins

. Skimmed = 15 "

PH’ =369

RESULTS

CONCENTRATE 4

i

Skirmed 10 Mins

W %
' |PROD. Grs. Peed oz/ton % ez/ton

‘J%’ CAu ‘"An Ay Ag Cu \ Cu \ ’As CAs
% h % %
: . Reec :

%
Ree. . .. Rec. Ree

Ol 30,0 3.0 2.40 21,2 16,48 23,6 1L.8 86,5 12,2 2.5
G2 25.0 2.5 0.60 5.6 4.2 6.1 1.2 10.2 16.6 = 3.l

B c3  330¢0\55,0, 0,43 '42;7 2aebu45;3 | Tr - 30,9»’6294 |
e 0.0 3.0 0.0 48 4.00 5.2 T = 16,0 4.3
|r _585.0 58,5 | |

10000 - 74,3 802 9.7 72,8

It must be noted before comparing this test with similar

‘ones described later, that the head sample for the ore used in above

>
-




test fqp 17.,55% Arsenic and 35,7% Iron.

; ; PRETARATIOI\TOF ORE PRIOR TO TESTING

“Apprgximatély‘zs pounds ofkore~£hat hed been grouﬁd to/pgss
f;throﬁgh a lO:ﬁesh;screen remained'from.the’previous yeér,j It Wés thought
’that there‘woﬁld:bé'insufficienﬁ for the’proposéd tests; so a neW‘Bateh
weighing ébouﬁ 50 pounds;was~secufed.‘ This was stage-ground to 100% -

. 710 mesh and mixed ﬁith the fir$t batéh, thus,ensuriné a supply of ore
thét Wbuld be conSistent thfoughout and fairly repreéentative .~ Both
,sampleé,had.beenbexposed to'possible'oxidation for oier;a year, but it
was‘uﬁavoidéble.;’ | ’ o | |

| | By;coﬁstantfriffiing:abqut 400 grs. of ore wgrebobﬁained from
‘thé:avae~mixfﬁree This amount wéskdiScapulverizeé until it in entirety
 'passed thrOugh a lOO‘mesh:screen,l It wag split once more énd 200 grs |
obtained Which,provided a~gqod éepréseﬁtétive sample from’which the

‘ head'assaysiwere;determiﬁede g
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[EOR 0 PREAMBLE

3 . .

The objective: in the flotatlon tests has been the recovery or

“gold inlsome;suitabletfozm‘which will render it ameﬁable t@ onefor mere“

- gubsequent pProcesses.

During these tests, two‘pOSSibilities”have'been'kept in mind,

ffirst'toiéoncenﬁrate the gold in a sufficiently small bulk end high cone

tent to warrant shippigg to a smslter for further treatment. It‘wds~neem

essary to reduce the amount of metals such as arsenic to a quantity in=

asufficlent,to incur penaltles. The second possibility was to obtain a
, ‘concentrate eontalning ovey 20% Arsenic so that it could ‘be shipped as

. an arsenic concentrate, containlng gold,' Both courses were found to be

»1mpossible¢

The reagon for the impesslbility of" the coneentration 0f the gold

in & small bulk wag probably due $o the. very flne dissemlnation of the

gold throughout,,both~as;native gold and a gqld telluridee The cause of

- failnrekforkthe Secondfcase wag due to the intergrowth of the pyrite énd :

‘ 'aréénopyrité'andkthg‘neeessity‘offextrem@ly fine grinding to unlock one

fram’the'ether; Another reason is the close @imilafity bétween pyrite
a#d érsenopirite in their reactions té;flotatiOn’reagents; Thithas been
eoﬁfirmed’byLWazk &~Cdx in their,réseafch'wérk with:céntactzanglesb 1In
it they?shOWwﬁhat the two miﬁerals‘rea¢t in’the~sams mahnerg there Beiﬁg
only ay#efy slight‘difference in gensitivity to'depressanfs when the,pHi

is high, around 11, A% this‘range the arsenopyrite is slightly mofe

- reactive aﬁdfcan be depressed, but extreme care must be taken in the

‘  regulation of the reagents.

Lo TeWe Wark & A.B, Gox = "Principles of Flotation, Vl"

o Mining Technologay, Januery 1938,



1}

_CONCLUSTONS
| hl@fk Arsenopyrite & pyrite cannot be separated by selectlve

: flotatlon, wéth the present reagentec This is discussed under the .
,;'previous headlngo k |
' 2. A higher peroentage of arsenic in a concentrate oan be
| ,obtalned when the pulp is slightly acide |

: ; 3. Practically without exoeption the percentage recovery of
’the gold depends, in direot proportlon, on the bulk of the concentrate
‘collected. ; o

‘4¢ : ihe use’of sodium sulphite to replace potassium,cyanide ,

‘ does not appreciably affect the recovery and has no effect in the sele
ective flotation of arsenopyrite and pyrites i

5; | Golleetors #208 and #501 added to the ball mill and aero-

- float 15 0 the oell, gave the best gold recoveries,

6; The collector 2w6 (Pentasol zanthate) apparently was no
different from the other collectors 1n its aetione \ |
"I{o No advantage is to be gained by oleanlng a bulk conoentratee'

~RECOMMENDATIONS

lc : Should ‘any further work be done in the flotatlon of an arsenom
‘pyrite eoncentrate, 1t would be adv1sable t0 keep the pH between 5,0
and 7 O. |

,;25‘ ; Any attempt to separate the two should be made at a pH of 11,09
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e éd - THEORY OF. FLOTATION L
L ! ,k : o Lt , only ‘

Thile this paper is not concerned with flotation,/it is thought
advisable tc presdnt a short review showing the relationship and imp-
\ortenCe'of'theevarious.factors.k |

_ HISTORY | - IR G R
: Elotation'hss passed through,msny steges,in*the’evolution.of

~kthe.modern process.
The first attempt in modern times was the separation of sul- -
phides from earthy matter by means of oily agents. Later results wers
‘eimproved by the use of modifying agents such as acids and ecid salts 2?
A further stage was the introduction of gas a8 the buoyant medium, re=
1sulting in a decided reduction of the amount of oils used. It was no%
until 1924 that Perkins3 patented the use of Xanthates” thus marking the
"d:beginning of the modern trend ot flotation by chemical collectorso
Many discoveries in the use of inorganie salts have had ferw ,
reachlng resulss in the flotation of and concentration of mlnerals that
'eould not be treated previously, and they have advanced the process of

f7selective flotation considerably.

i ko o o o S e e

k The accurate classificatlon of the reagents is dlfficult but
for ordinary purposes it is deslrable o discuss them largely in terms

of their functions. They will be discussed under the headings of°'

(1) Frothers'.' ' _ (4) Depresssnts
‘1(2)¢‘ Gollectors or promoters ‘:',' ( ) Sulphidizing Agents
(5) Activators ST T (6) Regulators

24 Riekard Te A. "History of Flotatlon" Mining Sc. Press, 114. Pgs 365 =
- : 369 401 = 406. ‘ S L

B, U;S;‘Paténtf#548,157;



; 13

TRomERS
A frothing agent must create a froth capable of bearing non-
i’wetted particles denser than water to the surface, but may or may not
dpossess the property of making the minerals 1ess wettable by water. Pure
’:cliquids do ‘not.. froth, as only substances which have different surface |
"tensions are capable of foamlng. Organlc compounds are used almost Ane o
u;variably, as small amounts dissolved in water lower the surface tension
‘very;appreciably.f This may be understood from & consideration of Gibbs

‘ adsorption eguation;—»,‘ S

. in which g is the amount of material adsorbed on . the interface T is

the absolute tempo, R is'a constant, C the concentration in the bulk of

the liquid and gr the rate of change of the surface tension with concenc

: tration. In organic compounds where surface ten51on ig low and cap—

dr
de

small concentrations cause a considerable drop in surface tension o In ‘

'lillary active subetances are easily adsorbed is large, therefore

: organic substances however, which tend to raise the surface tension and

_be POOTIY adsorbed, %% Cwill be smallgand the concentration would have

to be large to produee much change in the tension.

= | The extent to which the organic substances affect the surface
'tension/of‘waterlis closely’related’to theirostructure. The length of
;thefhydrocerbOn cnainfhas a definiie effect, as pointedoOut by Traube.
“In m homologous series each higher homologue has a solubility 1/3 that‘
oof the preceeding ‘one, while the surface tension is depressed three -
ftimes, with the result that the best results are obtained with a homoe

‘ologue midway in the series,“
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Erothing compoundS‘have stfuctural formulae that are conposed ofT
'}~two constituents having opposite properties, one part of the molecule is
:polar, whichais water avid “the other non polar, which repels it. The
“latter part consists of a hydrocarbon chain, while the polar section may
_‘:consist‘of oxygen,in the (co), (COOH), or (0H) forms, or nitrogen in the -
famino (NH2), or nitrile {CN) form. The last two are avoided where,' |

_frothing only is desired as they ionize and therefore have collecting

4

-properties.”~Taggart, Teylor“and Ince™ have come;to‘the;conclusion'that

- all'good,frothers~contain one polar group only.:

“The mechanism of the bubble mey be represented by a cross section
of a portion of a bubble S To understand it one must remember the char«
'acter of the moleculeS'with one water repellent and one'water avid por-

‘tion. ‘The non-polar part is represented by "R" and the polar part by "X"

" Water )/
or any polar solvent.

_/'—)‘

As a8 result of these affinities the melecules arrange themselves
~as indicated with the polar group dissolving in water and the nonmpolar‘
part sticking out into the air. Gonsequently the bubbles are lined with
a monomolecular sheath of weter repellent and chemically inasctive groups

4. Taggart Taylor & Ince, "Experiments with Flotation. Reagents"
- A.I.M.M. E. (1923)

5. "The Story of the Bubble™, C.I.M.M. Bulletin, J‘uly‘ 1955.~ Pg. .349.

G,A. Gillies.
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i oriented outwards, thus preventing coalescence of the bubbles and pro»
ﬁducing,a more~permanent froth. The effect of the dissolved substances on-
‘:;frothing may'be briefly eXplained by a consideratiOn of the‘film of the
l:solution. As the film is stretched the liquid comes from.the bulk of the ’
'pulp and dilutes the film, thereby increasing the surface tension and
':‘counteracting the>stretching,foree. This gives the film a greater elw
“asticity than that obtained from pure liqulds whose surface tension can—
not be 1ncreased by a stretching of the surface, Therefore by constant
| adsorption and changing of the surface tension an equalibrium can be
quickly reached in which~thefstretoh1ng force‘balances the surface teneion B
and ensures the stabillty of the froth. | ’
The principal requirements of a froth are'
_l;,’It must ‘be an organic substanceo;
'2}“'Ir's moleculee should be heteropolar and consist of one or ‘more hy-
: drocarbon radicals attached to one polar group.
| 3. There should be only one polar group and 1t should conrain oxygen in
“the form of the hydroxal (OH), carboxyl (COOH), or earhonyl (CO)
f‘or nitrogenein “the amine;(Nﬂz)'or nitrile (cN)yro:m;
4 It nnefynot ionize materially. k
5;orMust be readily available at reasonable cost;
In practice, the most widely used frothers are cresylic acid
and pine oil, With the former gradually replacing the pine oil.
R Locally used frothers, such as eamphor oil in Japan and eu-‘
A calyptus oil in Australia, are excellent frothers and are usually less 8
expensive than the two ‘more important ones.’ |
COLLECTOBS

The term- collecting agent goes back to the days of oil flot-



'ation,'at.which time‘it:waS'used to deSignate certain oils capable of

A z‘-

bringing sulphide minerals in the froth to greater abundance.

There are two types, (a) collecting oils, which are not useé

-&

'rin modern plants, and (b)chemical collectors which act by“adhering to the

surface of certain mineral particles either in their natural state or in

some altered chemical form, producing a non—polar coating that repels

~ water but attaches itself to gas bubbles. They msy he divided into two

varieties,‘those‘thst form definite,compounds by meththesis with the

. ‘surface of the. minerals, and those that do not.

Xsnthates, which plsy an important part in modern practice,

: ‘appear to be an example of the Piret variety. They act on baseametal

sulphides by double decomposition between an oxidized coating and the

'reagent,‘followed hy'lster‘decompOSition 80 that the final coating need,

,not be a base-metal Xsnthsteo,

GHARACTERISTIG STRUGTURE OF COLEECTORS '

The promoter molecules, like those of the frothers are com=

' posed of two parts, polar and non«peler. Unlike the‘frothers,”hoeever,

the collectors ionizse and the polar part of the molecule reacts with the

f,mineral to form an insoluble compound or cause sdsorption on the surface,

As in the case of frothers increased length of the hydrocarbon

chain results in-an increased effectiveness of the collector, ~The op~-

t imum for the number of carbon atoms hss not yet ‘been established, al-
though at nresent five is thought to be the most satisfactory.

ACTION OF COLLECTORS

Many theories regarding the attachment of a particle to a
bubble~have been,advanced, but not one;has been‘generslly accepted,

It is possible that, when the bubble is in the pulp, the
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fpolarlparf'of the collector unites with the mineral, providing a monOmolm
. eeular surface with the hydrocarbon chain oriented outwards.  This unites
‘with the polar part of the bubble, causiﬁgza~dnion of the particle and

‘bubble.

Soﬁe other additional support must also be necessary. This may
be due to the sinking of the particle into the bubble wall until a de-
“finite contact angle is reached. -

For union 1n the froth a different explanation is required. A
‘theOry advanced by Dr. Christmann"is that,of dissolution of the hydfo«
‘ncarbon of the froth film, 80 that a, mineral froth would be constltuted

‘ as shown -

VTN ERAL

{ } PrROr1OTER

I% 1s not likely that the two hydrocarbons mutually dissolva,
but rather that there is adsorption between the two resulting in the

' adherence of the particle to the bubble.;

6. Transactions of A.I.M.M.E. Vol. 112 Pg. 239.
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SELECTION IN GAS = SOLID ATTACHMENT

*

The gas solid attachment pictured as resulting from the en-

counter of bupbles‘and partlclee'must,be,SelectiVe between,minerale having
',J&ifferentesurfaces; consequently the polarity of the surfaces is importent.

AR

- AgTER

)

If a partlcle having a nonmpolar surface‘(l) encounterSran
alr bubble the contaet angles at the solld surface indicate & tendency
| \for the gas to displace the water at the solids surface.
e Similarly if a. particle having a polar surface (E)encoantena
,'an,air bubble the;eontact angles iadieate a~tendency for the water to
:fgéleplaceltheggas at the sdlldswsurfaceV; ’ |

. CONTACT ANGLES

'jMach werk has yet teebe‘dene on the confact~anglee between
gassee9 llquids and eolid surfaces. ‘Recent reeearch8 has’indiea%ed that
a great deal of valuable information, which can be ueed in the inter=
kpretatlon of flotation phenomena may be obtained by measuring the angles

; formed between various mineral surfaees‘and bubbles.

(.-

o = ConTACT
ANGLE

L LigaiS

x ; Solict ECEEE R \i;' - Solidt
. 7. Gaudin, A.M, "Flotation", page 99. o

8. T.W. Wark, A.B. Cox - "Trensactions of A.L.M.MLE, Vol. 112
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FROTH FORMATION

As the bubbles move upward there is a downward draining of the

VWaterwand the suspended substancesfln~the ‘water. As the draining proceede

G
B

:the walls of adjacent bubbles conmea in contact at one point and gradually

agsume a. definlte polygonal shape a8 the pulp drains. The,parﬁicles syite

e ably prepared adhere to the bubble surfaces and &s they are close too"
gether heve a filtering action which traps Soms of the gangue.

LGOLLEOTORS USED IN PRACTIGE~

“']‘(a) Fatty Aclds and Soape for nonametallic mlnerals.

‘(b) Xanthates and their oxidation productse
(e) Organic hydrosulphldes (mercaptans) and their oxidation products.
(d)'Substituted}thioureas((thiocarbonilid), dithiophosphates, emines,

@ azo compounds.

FLOTATION’ > ; ACTIVATING-AGENTS

‘Agents which through their effect upon the surface of otherwise
',nonefloatable‘or poorly floatable*minerals,make them‘amenable~to flotae
‘tion with the usual »collectingag’ente; | ‘k | |

» "Generall& speaking they are compounds”which«are capable’of proe
duclng less eoluble salts with the collecting agents than any of the
‘metal compounds at the -surface of the minerals to be floated. They must‘
also be capable of first reacting with the mineral surface to form COon=
pounds whose solubility is less than that of the metal compounds at the
‘surface of the minerals.;“ |

; The metals ‘whose organic salts and oxides are the least: soluble

are Ou, ﬁ% Hg Consequently they are, in salt form, the most effective
'actiVatlng agents.

The best example is coPper~sulphate in connection with Sphaleﬁﬁte'



, s :
- Copper sulphate changes the surface of the blende to covellite (Cus)

* ‘;

e;which is readily floated by the regular promoters.
wiDEPRESSENTS M; | |
| The‘funetion of depressore is to prevent, either temporarily
fior permanently as desired the fletation of certain mineral constituents
}s‘of complex ores subjeeted to selective flotaiion without preventing the B
‘primarily desired mineral or minerels from being readily floated.
Among the Mmore,. COMMON depressants are:
rl'LIME - has & depressing action on gold and ell sulphidee,

V particularly pyrite.; | ’ ’ |
‘KGNV n‘has‘a depressing ectionion pyrite, arsenopyrite and

" sphalerite | - e | ‘

DICHROMATES = speoielly for galena

‘ SULPHIDIZING.AGENTS

o These compounds ere eepable of changing the surfaces of oxidized
minerals by coating With a sulphide £ilm. They are used rarely and eV |
‘,idence is increasing which shows that they are of 1ittle use in flotae’
’,tion, even with oxidized ores.f
| ” The most ¢ommon agent is sodium sulphide. Itﬁ was found® that,
sodinm,sulphide is detrimentel in the flotation of precious ninerals."
| REGULATORS | |
The function of the regulator is to modify the alkalinity or
| acidity (pH) of a solution,,’
The action of the regulator may be said to be threewfold.
(1) It precipitetes soluble salts from the solution
(ll) Depresses certain sulphides by sffecting the mineral surface

~;9. U.S. Bureau of Mines "Report of Investigations" Metallurgical Division
‘ Iune, 1935.
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 CONCLUSION' |
- The tremendoué strides made in the last few years can be re-
cognized when it is noted that, apart from the metellic su;phidés that

“were orﬁginally”fIOated,‘the-mare difficult ores such as; native metals,

phosphates,'some carbonates and oxides, can now be concentrated.
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METHODS

%
3

\Thefcharges'of ere were ground in a cylindrical“rod'mill7with‘

‘f‘ a watertigb$ cover.

. The mill was rotated for a specified time at 41 R. P.M. The
pulp was then transferred £0 the flotation cell and dilnted to the
'requlreddensitya The reagents were added ‘in the desired quantities

and the pulp agltated. The cell used was a Denver Suboaeration with'

“ 8 with belt drive and a8 capacity of 1000 grs of ore,» Skimming waS‘done"‘

' by hand with ‘a metal scraper, The concentrates and tails‘Were’dried/'
and assayed at the end of the run,- : |

“The reagents used,‘excepting soda aeh,ylime, cyanide zinc
."sulphate9and frothers were made up in aqueous solutions so that 1 cec.
: equalled 1#Vton of ore when 10@0 grs of ore were used.

The pH was determined by the Leeds & Nbrthrnp indicator.

The reagents used weight of ore, pulp density, time of grindlng
kand general conditions pertaining 1o the 1ndividual teste are given'
with the assays and recoveries of each, All results are transferred
‘d to the appendix in table form and dre also shown on graphs, both in» s
' dividual and. composite; |

Recovery calculations are based on the equation -

W of,element in concentrate X~100 = % Recovery
sum of weights of element in concentrates 4+ tails




~TEST I,

-

'To Dupllcate Test 6 of last year.

Cell.

Charge to Ball Mill .- Ore . 1000 grs.
© Water 1000 grse.
KON 0.5 i tone
- NagCOz 265 /ton.

 ZnSOy 0.5 #/ton.

Time of grinding = - 20 minutes.

Coneentrate I.

Added - Pine 0il #5 0.24 #: ton.
o Cresylic Acid 0454 3¢ ton.
~ Aerofloat #25 0.06 % / ton.

Conditioned 2 minutes

Skimmed 20 minutes

E pHn \" : - / 60\85‘0‘

"At firstgthe bubb1es’wérektqugﬁ éﬁd'heévily"
7mineralized. After~5;minutés they:wefe Smalléf
~and very copious. After'15,minuteS”the 5uﬂbles 
 became cleans. . Then the froth turned darker and

: ooncentrate 1B started.

-

Concentrate I B. 

Added  (K-Et. Xsnthate 04197 # / ton.
(Cusoy (5% sol.)  2.00 # / ton.

Conditioned 2 minutes

. Skimmed 48 "

pH. = 17.0.
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i

The bubbles,Weréfsmall and coplous and the froth

was goOd. :

Cpncéntrate, 2e V
Added = (K-Et. Xantha£e  04197 # / ton,
e k’(CuSO4V (5%,501;)x 2,00 #:/;ton,
,Conditionédr - ;Z-minutes \
Skimﬁed‘ - 1w

pH = 7,02

The froth was composed 6f‘émal1 and copibus bubbles

‘carrying few sulphidess

Conclusione
. Notea ; This‘test'ﬁas not assayed, as a newvbatchVof‘ore
ai‘rived‘ and it was thought that better results

- could be obtainedtWith‘fhe fresh ore.



o
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. : TEST 2.

" To Duplicate Test 13 of Previous Tear.

Charge to-Ball Mill , Ore 1000 grs.

: ' ; R ‘ Waber ° 1000 grs.
KCN 0,10 # / ton.
Lime 2.0 # / ton.

 Time of grinding - 20 minutes.

Celle " Goncentrate 1.

Added o C'reSyli§ Acid "_o.,lds_- / ton. o

: Aerofloat #15  0.438 3 / ton.
'Conditioned  —~, 2 minutes. |
Skimmed - 10 minuteés
pH ‘ (R ?f"7,2 k’ : ‘ .

The bubbles at first were largs, tough end well-
armored,5bﬁt afterkthreé~minutesfbecame small aﬁd

. copious. The small bubbles were dirty, but soon cleared.

 Concentrate 2.

Added  CusOop 1.0 4/ ton.
wanditioned - -2 minutes L : ’
~Skimmed' > | ? '10“‘nq

 pH S - T2
| . The peréistent frothzﬁas'oompoSed of sma11;~iightly
-minérali zed bubbles. | |

Concentrate 3A,

- Added Pine 0il 0.8 #/ ton.

#301 0.0z 4 / ton



< ‘\~Conditioﬁed Caleg minutes
Skimmed 15 "
f ﬁH = ‘ . ; e,7.2’

The froth was fairly perksistez"lt', the bubbles were

\‘smallyand mofekmineralized.then those of pfeVious test,
Skimﬁiﬁg/was,continued 15\minutes'toeduplica£e last
‘year's results, but as mineral was stlll comlng up,

i sklmmlng was oontlnues 1nto another pan.

Concentrate 3 B,

' Skimmed 9 minutes
 This is,a:continuation(ef 3A, ‘Skimmingewas con=
tinued unbil the bubbles were clean. The froth was
 the same as 3 A,

Concentrate 4.

Skimmed ' 1% mirutes
pH S g8 %

‘ Thiseebncentraﬁe was*teken to duplicate‘last year's
reSults. The froth was the same as in 3B, and llttle

mlneral'was carrled over.

ConClusieng
- Notee ~The concentrate of this test were not:aSSayed'
as & new batch of ore arfived and it was thought

that better results could be obtalned w1th the
fresh Orée - . E
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PR TEST 3.

_ To duplicete Test 13 with the New Mixture of Ore.

Charge to Ball Mill ~ E ; Ore
: SRR S & " Water
“KCN-
Lime

[ R A T |

U A RSOy .
Grinding Time D 20 minutes.

- Cell - o - Concentrate 1,
Added  Cresylic Acid 10,108 #
e - Aerofloat #15 0,438 *
aConditionéd‘ - 2 minutes
 Skimmed - 10 "
. pH . ) ] 760
© Small dndkﬁoorly mineralized bubbles. They were

. dirty for first 5 minutes, then olesn for remainder of times

AN

L 'éon¢éﬁ£rat672; s
: Addéd:7 : | S ’Copper Sulphate 1.0«#=//ﬁbn
 Conditioned 2 minubes
 Skimmed 10
g 7.0
‘Froth was veny’similar to pfevioué ooncéntraté but
1esskmineralized.,' Ea

Concéntraté 3¢

Added . Pine 0i1  0.08% / ton

#8301 0,02 #/ ton

1000 grse
1000 "

Oc]j&/ton
- 2,08/

ton



H2§04_ (131) | . ) : ‘ ‘ b ’CCQ‘
Conditioned - 2 minutes
Skimmed == 18 M

pH - 44

At ﬁi%st, a'feW“large~bﬁbBl§s tﬂat'Wene véry heaVilj
mineraiiied;'céme up. fAlmost\entiré;éurface‘of cell was:coﬁered
7witﬁ‘a silvery‘scﬂm”thatWas very peréiStent; ,After a six min-
2ute pérﬁod thefbubbles beéame smallef ahd7ﬁore ¢o§inus.‘
‘Mineralizatioﬁ Waé heavy bﬁt 1ess“than aﬁ~start. kSkimmed 15'
ﬁinutésfto\duplicéte last year's test, but as mﬁnerai’Was stiil

being brought up, continued skimming into another pan,

 Concentrate 3 B,

“Skimméd: s 12 minutes
B - as
Continuation of #3. Froth was same as 3, except that .

~ the bubbles wére less mineralized.

"Concantrate 4,

Skimmed . - © 13 minutes

B 4.6
’ 4 A fourth concentfaté was‘taken to dupliéate laét yéar's’
 £§sﬁ.‘kThe~frdth Waé weak anﬁ bubblés were,dirfy and poorly‘

mineralized.
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a

P
ﬁ .  RESULTS.
Proauot Wehte - % Au Cu Fe 'As Au Cu Fé | As
AU . Peed  oz/ton % % ”%f Rec. Rec. Rec,  Rec
L 17,6 1.7 ) 2,68 5,17 35,9 6.8 11.9 12.9 1.9 1.3
2 2L 2.0 1.24 202 515 7.0 6.6 10.9 2.0 1.7
5 424, 40,6 0,40 0.35 36.6 13,2 42.6 35.8 48.1 62.8
~ '55“:175.3, 168 0,48 0.43 59‘2 9.3 21.3 16,4 21.2 18.3
R R 0,32 0453 36.5 8.5  2.9 401 5.8 3.2
T 368.5  85.7  0.16 0.26 20,2 5.1 14,7 21,9 23,1 12.8|
. 1020.5  100.0 ' 1100,0 100.0 10040100+0
FZASS cﬁf%éz" ‘Fe§2Vk FeAsS CuFéSZ" Fésg
148 e 49,5 1,3 1208 1;9
15,2 5.8 6.4 1.7 :10.9' Cza
28,7 1.0 48,0 "62;8 33.8 44,4
202 1.2 60.2 18,3 1604 23,0
15.5 1.5 59,2 3.2 4.1 4.3
6.7 o7 3040 12.8 21.9 24,3
| 1100.0 . 100.0 100.0

~~ Conclusions.

those obtained infTestflSVOf‘last years

The,gbld and arsenic recoveries checked gairiy well with

The copper and arsenic

grades are different, but this due to the difference in the

heads of the two batches.
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TEST 4%

. To duplicate Test 3 using less sulphuric Acid.

1000 gr30

Bell Mill - Ore -
‘ o Water - 1000 grs.
- KCN - 0.1 i / tom
- Lime -‘~~2.0;:/ton

Gfindiﬁg; Time = 20 minutes.,

- Cell

Concen'trate' le
Addéd : Gresylic Acid
|  Aerofioat #15
Coridii:iof;‘ed - 2 ‘mi'nute;s‘ :
"Skimed - 10 "
| - k7.~\2 ,

pH

The bﬁBbié?s—Were small and ot wel

0,108 # / ton

0488 # / ton

1 mineralized.

: TheyJWeré diri";y for the first five minutes and then fairly

k clean to end of skiin, ‘The persistence of fr

' Concentrate 2.

Added CusSo,

Condi’tibned - 2 minutes -

Skimmed 0 -

T2

pH. »

oth was good.

1.0 4 / ton

The froth was very similar to #1, but the bubbles

were poorly mineralized.

: Concentrate 3,
| Added Pine 0il
7208

08 4 / ton

002 / ton



3 CeCe

R © 0 1:1 HpSO,

Conditioned - 2 minutes
Skimmed =~ - 15 ™"

P - 5.2

 Obtained & good froth of toﬁgh and heavily;armOredj'

bubbles, though not as
.test 5.“7 e

;'Concentrate;3b;_ L

o = 5.2 . Skinmed - 12 minutes

The froth was same as concentrate 3, but

~ bubbles became'graduallylcleaher.

‘ 'Conééntratef4." f

pH - £y 5.4  Skimmed = - 13 minutes
Obtained poor froth of weak, dirty bubbles,

, carrying little mineral.

. RESULTS.

ATy T

89T iy 'r_t s S
Sty il L AS ORI R Wi P

heavily armored as in concentrate 3,

L

Fe
‘Ree

As - Au

7

Cu’
Rec

Percent Au Cu

Weight Percent
Cs of feed  Assay g% ;

| entrate

oz/ton

Rec

Rec™

2 2002

5 4B2.2

‘4 19,8

o  554,0°

146,9

1.3 2,96
\'z.d
45.0 0,48
14.6 0436
1.9

85,2 0.12

1006,5:

100.0

1.16

0431
0432 0,67 30,0

0626

4445 32,3 5.5

1.94 28453

0043 3643 13,2

39,1

17,1 2.9

7,1H

840"

Bod

10.4
642
56,8

138
1.7

. llcl

13.5 1.4

859 149
43,6 55,1
10,3 19,4

2.9 ;1.9

20,8 2043

0.8
1.6
7043
13,7
1.5

12.2 |

10040

100.0 10040

lOO;O'

e




TEST 4

2= e P Gold
406045 30¢o f Ly h Arsenic — — —
| ForN R B
/ / j‘\‘ N Iron  ——-—
: / ‘e{l N \ A Bulk RS SN SO

Copper —= — s

/

40 40 30 72040

Gorp o8
o ARSENIC 4
c Butk 7
Copeer? 5
IRorvy X B
e

Nt

W\

- go /5.3 30

e 20 /0 2,25 (|

%
%
%

ARSENIC
CorPpPer

° Goso -oz. fforn
. /rRon/
pH

o
o
L
o
©




25,

o

FeA#S - CuFeSo "FeSg; ;' FelAsS CuFeSo FeSo

S

~ Cone- Grade Grade . Grade Rec. Recs . Recs
entrate  Arseno-  Chalco-= = Pyrite  Arsemo- Chalco-  Pyrite

| pyrite  pyrite . pyrite - pyrite
1 1.8 120 460 0.8  15.5 1.5
2 15,4 5.5 - 40.5 1.6 8.9 2.0
B | 23‘% 12 430 7005 43,6 47.6
T sp 1 © 0.9 620 1847 10,8 22.3
4 1B 1.9 46,6 . 1.5 2.9 203

T 6483 0,7 27,9  12.2  20.8  24.3

100,0 100,0°  100,0

- Conclusion.

The aaditionybf 1essksulphﬁfic~Acid than in the previous
“ttest, doeg not maﬁerially affeet'thé grades of the ooncentrates. Thé
” 51ight1y highef recovery is due £o increaéed bulk of the conbeqtfatésa‘

| ’From the,reSulté'foryéénCentrate”B-if‘is evident that~théfx‘
decresse in suiphﬁriC”acid’madé 1o difference’in the;grade percentagé

-of arsenic presents



 TEST 5.

-

To Duplicate Tests 3 and 4, but using No Sulphuric Acid.

Charge to Ball Mill.

- Ore - 1000 gmse
Water - 1000 "
KCN -~ = 0.1 #/ tom
Lime = + 2.0 4 / ton

Grinding time ‘= 20 minutes

: éell L \l,,‘  Co ncentrate 1. o
k Add’ed - e x Gresylic’ aci’d“_ ‘O.;’108 #/’0011
s _ o Aerbfloatv  e ;0.438‘#5/’t§n'
’COIiydifi:o'ned‘f — ’2 kmi‘nutes’ S
',skimmea[-f - 10 "
T R
| ‘:'Obtéined,fgir’fréth,‘which could héve beeniéﬁronger.
‘Bubbles wore weak and dirty. o )

Goncentrate‘zy

'Aadea, - . cusog 1,04/ ton
‘Coﬁditioned e 2 minutes e
Skimmed‘ kQ 10 "ik‘ |

- : - 88T

Froth was weak and dirty. Bubbles were largers

Concentrate 3.

. Added = Pine 01 .08 # / ton
i O 4m01 02 #/ tom
Conditidned' | - Z,minufes  b
- Skimmed - N 15 "

pHE - 8420



i

whlch were not nearly as. heav1ly armored as those in -

; the tests where H2804 was added.

© Skimmed -
.Froth was same as 3 oomposed of small, weak, dlrty

bubbles, whlch were not heav1ly armored.

Cdﬁcentraﬁe 3 B,

S

12 mins.

Concentrate 4.

Skimmed = =

13 mins.

pH.

pH

8400 -

Froth was composed of small weak dlrty bubbles,’

: Frothfwasfagain'Weak and dirty, and was cbmpbsed of 'small.

' bubbles carrying little mineral,

~ RESULTS.

-’ ‘Conc=

; - | Weight
o entrate} .

kPerCeﬁt'f
| of Feed -

‘Gold

‘oz/ton|

law
" Ree

As
Rec

1

25,3

11
| 1091

8745

.7 |

2.5

1.1
10.8

4.1

f ~77;8

~ [L008.0

| 100

1 2.84

1i0.84

;jo‘&4‘

0442
0.24

15.0 [39.0

32;06356.08A
f1.01k29‘4fd
0.54]37.0
l0.66(35.5

|0.15]31.3]

'€17e9 3 ;

bo.s
'10.2~4;i.e
10,8e4%4
‘7,746.8‘

Ael;o
{1251
| a7
| 5.6
|74.5

| 200 |1

100 |




Z8%¥90 40 40 40 83

PN

A4

%

GoLpD

B
e
lg X
'%‘Sésw
s figimi

SO ——

ST 5

1
//
Golad —_— i
| L /l
Arsenic Lol /
co §aamame
Copper S ek /1
Bulk = i I
Iron — - L= /,
‘ o
[l
)
[
1,
b/
i
)

P E(’\ | p/
- s \\ M /4
- M* -~ — I“

/|

| / i

10

30 9 35 o 85

2.0 8 33 4 83

v
x|
N o

oY s
IQE,Q&‘
28R
g%\:\,l

a_ ¢ 2D o 79

BECOVERIES .




85

S !
2

- FeAsS  CuFeSs FéS?‘k' " FehAsS _CuFeSy “FeSZ

Cone~ G;ade ; Grade - Grade ‘Rec. ~  Recs Rec.
entrate Arseno- Chaleo- Pyrite “Arseno-:  Chalco- — Pyrite
e " pyrite  pyrite . Pyrite pyrite

1 150 143 540 2.1 295 5.0
2 1.9 5.9 543 1.0 CBuB- 1.3
3 | 19,6 2.9 2644 12, 2504  6ed

3b 22,2 1.5 46,9 4.7 5.6 3.9

4 2545 1.9 41,0 0 5.6 6.8 3.8

T 16,7 0.4 47,0 745 27.4 81.6

100,0  100,0  100.0

Conclusion;’
Thé'absehce,of;sulphuric aQid defingtely affectedkthe
yarsenic;per§entage_preseht iﬁ'GOncentrate\za It'islevidentﬁk
s from the last‘ﬁhree‘tests,~tha£'the~pﬁyshogld be slightly

below 7 for the bestfrééovery‘of afsenopyrité.




Tes%:6c

&

~ Charge to Ball Mill h - . Ore.

- Cell,

" %o Duplicate Test 3, But Using More Sulphuric Acid.

1000 gus.

1000 7« ,

06l [ ton
2.0 7 / ton

Tater
KCN.
Lime

Grinding Time = - 20 minutes.

{ thcentraté 1.
‘Added : ‘ffkf,, ~ Cresylic Aeid 0,108 #s/’tgn
B o  herofloat #15 10,458’#=//ton
‘Condiﬁihned‘k - 2”minutgs’ |
pH* - 8,68

Skimmed - 10 mimutes

 The froth was weak; Bubbles/Were‘dirty and not strong.

clesner at the end.

5

- Concentrate 2.

Added - . CuSo, 1.0 # / ton

Conditioned - 2 minutes

pH S = 8.18

- Skinmed = 10 minutes

_The froth was wesk end dirty, similar to Test #5, C 2.

Concentrate 3o

Added = Pine 0il  0.08# / ton
: ' #208 0,02 # / ton
1:1 H2S804 ~ 210 CeCo
Conditioned = = 2 minutes k

Skimmed - 15 " pH = 3,67

The

froth wes similar to test #5, C 1, except that bubbles were



At first, obtained froth of big, heavily armored bubbles,
but'afgér'two minutes, the‘bubblea,became'smaller, even, well-~ -
armoned‘and‘perSisteht. This was the most persistent froth so far

obtained in the tests.

+  Concentrate 5 B
Skimmedk" ’-,«v‘ 12 minutes'fi
pH - . B.6T
’Got avtOughsfPersistént froth, of small,iheavily armored"
Bubbles at fifst,*but iﬁ,gradwaily and rapidly weekened, and at the
f end was very vife‘aky;k, | e : i ~ e

~Concenﬁrate 4y

,Skimmed,, - 17154minuteé
o g S .
‘The froth was poor. The bubbles were Small, Weak‘and

dirty, and;carried littleVmineral. |

RESULTS.

Au Cu Fe As  Au  Cu Fe  As

| cone-  Wght. #nof  Au  Cu Fe As  Au ou Fe  As
entrate . . Feed oz/%bn; % %  Rec Rec Rec. ~ Rec Rece|

1 31.6 Bl 2,64 5.8 387 6.8 20,2 39.2 4.0 2.6 |
2 1705 1.7 - 0.80 0.8 35.5 7.1 5.4 3.0 1.8 1.4 |
3 602.2 58.9 0,44 0,52 7.1 11.7 64,8 41.0 71.1  83.1 |
2 B5.2 544 0,32 0,40 5.8 8.8 4.4 4,7 6.5 5.8

4 11.9 1.1 0,32 0483 28,8 5,1 1.00 2.2 1.1 0,7

T 304,10 29,8 0,08 0.15 16.3 1.8 6,0 9.9 15,7 6.4
1022,6 100,0 ﬂ . 100.0 100.0 £100.0
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B
FeAsS CuFeSé ,k\FeSé\ '}ﬁeAsS,“k CuFeS., Fe82
\'Cénc—' : éraae © Grade Grade | Recs, Reo., i ‘Rec.
éentrate Arseno- Chalco= ‘Pyrite “Arseno- Chalco= Pyrite =
‘ ‘ pyrite - pyrite ... pyrite pyrite
1 148 166 541 2.6 38.2 5,6
2 15.4,1 2 sl 1e 5.0 1.9
L5 254 0.9 532 851 41.0 8.5
B 19,1 1;1 54.5 5.8 4.7, 6.5
4 o11a 24 45,8 0.7 22 1.z
T 59 0w 281 e 9.9 18,3
| : 11000 100.0 100.0
,Co;elusion.

It‘ie evident:that a relafively‘highiameunt of’sul—
'j phurlc aecid 1s not satlsfactory. For the'best reeovery of ‘arsenic
the pH. should not drop below 4.0, An examlnatlon of the No. &
concentrate for the last three tests shows ‘that gold is depressed |

~din an acld clrcumt in proportlon to the increasing acldlty.



TEST 7o

'To Test Collectors # 208 and # 301, and Frother Pine 0il.

1000 gms.

“GBarge to Ball Mill Ore
o TR Water 1000 gms.
Na5C0z 4 # / ton
KCN “0el #%/ ‘ton
#208 0.05 * /,ton.'

Grinding Time = 20 minutes.

Cell B |
: ‘Concentrate 1

0.68 # / ton -

JkAddéd - ~ Pine 0il
Coﬁditioned -  2 minutes"I
Skimmed - s v

- pH | | = 782

For the first mlnute, the: bubbles were small and the

froth Weak and dlrtyo, Then got “froth of large and small

"bubbles, whlch'were over-mlnerallzed. After flfteen min-
futes, the froth was much ‘better; 1t had just the right per=

51stence, the bubbles were of medium size and not too heav1ly

',mlnerallzed.
| " Goncentrate 2.
Added - #561’ o;b7:#“/”ton
Coﬁditioned’ = 2 minutes
- Skimmed - . 15 "
QH - 7.68

The bubbles were not az alrge as

~were well mineraliged.

'The froth had the right consistency.

in Concentrgte #1, but
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Concentraté~5.

‘ §dded ,1 S 1£1 Hg80, i 5 cues

| . Pine 0il 0434 £/ ton
Gonditioned - '2 minutes S |
Skimmed - = &

v‘pH o - { 4082“ , :
The;frgthkwa3~go¢d; thénbubbles were smailybut did‘ﬁot

carry much mineral,

 RESULTS.

¥ FeET e e R : g P ST
s ol B P .Y 51 LT ROTEY s

 Come- Wghte % of Au  Cu Fe As Au  Cu  Fe As |-
emtrate ~~ Feed oz/ton % % % Rec  Rec  Rec Rec

1 438,1 42,3 0452 0.77 34,9 11.4 67.8 76,0 5049  60.8
2 282.4 224 0432 0.14 3646 B.8 22,0 7.6 28,5 24,9
5 Bl Bl @.24  0.09 38.3 9.3 2.5 0.7 3.5 5.5

T 552,53 32,2 0,08 0.21 15.8 2.7 7.9 15.7 17.3  10.8

1034.5 = 100,0 . 100.0 100,0 100.0 100.0

Conclusion. , ;
Clooector # 208 is a better collector then # 501 for gold,
ChalCOPYrite,“andtto a lesser extent, for arsenopyrite. It has no

effoct on~pyrite}
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TEST 8.

To Duplicate Test 7, Using Cresylic Acid as a Frother.

Charge to Bell Mill,  .Ore - 1000 gms.
R ; . Water - -~ 1000 gmse
Me,C0, . - 4 # / ton
2¥s T ; ;
KCN . - 0.1 # / ton
#208 i 1 0.05 # / ton
Grlndlng Tlme < 20 mlnutes. : ' ’; .
Gell - ' : Concentrate le
Added - Cresyllc Acid 0.11 # / ton
Conditioned = 2 minutes |
Skigmed - 30 "
pH = 9uT7a

For the flrst mlnute, the bubbles were alrty, ther for
the next ten mlnutes, the froth‘was excellents, ' The bubbles were
of medlum.31ze, and not too well mlnerallzed while the froth

"[had Justfthe rlght perslstence. After ten'mlnutes, the,froth :

, ; : : R ; :
gradually weakened and the bubbles became less mineralized.

Concentrate 2.

© Added - ol | . 0.07 # / ton
o Conditioned - ‘2‘minu£es |

~ Skimmed - T

pH - 8.03

Fore “thé flrst mlnute, a thlc& 311verj seum was formed.
Then got a froth composed of large, mineralized bubbles, which
gradually beoame less mlnerallzed. The bubbles at first, were‘

lerge, but gradually became smaller, then increaseé in size
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towards the end, and became very weaks

i RESULTS.
AU ' CU  FE A8 AU CU  TE A8
| Come-  Wght., % of | Gold ‘ Cu Fe As  Au kCu Fe  As |
w,'éntfatej . Feed Oz/ton % “%; % Rec Rec Rec Rec |
o '355.4‘ 35,3  0.88 0;98' 35,1 11.3 76.0  83.5 . 41.5 48.9
2 288.0  28.6 0.24 0.07 35.8 9.2 16.8 5.2 55.2 52.2
ki 36345 ',5651i‘ 0.08 0.15 18.7 4.3 7.2 11.3  25.5 18.9
1006.9 100.0 100.0  100.0  100.0 100.0
FolisS CuFes, FeSy FehsS CuFeSs FoS,
O;ﬁc~‘ﬁ ‘Percént fPercenﬁ Percent Récovery " Recovery f,Récovery !
entrate Arseno-  Chalco- ' Pyrite . Arseno- Chalco- Pyrite
] pyrlte o pyrite ' pyrite pyrlte
1 vtame 2isr 48 4s.o 83.5 59.7
2 204 0.2 545 32,2 5.2 5640
T 0.4 29,1 18,9 11,5 2443
> = - T00,0 1000 100.0
Conclﬁsion. -

There is 11ttle dlfference between Pine 0il and Cresyllc

A01d as frothers, but the 1atter is a. oollectlng power for gold

and coppers




TEST 9,

To Duplicate Test 7, Using Aerofloat # 15 as a Frother.

Charge to Ball Mill - S 'm?’ 1000 gms.
- S el Water 1000 ‘
- Nagloz 43 / ‘ton
KCN © 0.1 # / ton
4 208 0405 # / ton
| Grinding Time = 20 minubes.
Cell

Concentraste 1,

Aﬁded ' - ; fAerofloat #15 - ,0.088 # / ton
*Qondifidned = 2 minuﬁes |

Skimmed - ~'sovminu£es

pH - 8.3

Forthe Pirst mlnute the bubbleS‘were small end
weak' then a tough’ over—per51stent froth formed.
The bubbles were over-mlnerallzed and gradually
1ncreased in size untll, after flfteen mlnubes, they

 were the rlght size. At this point,. both the froth
and bubbles were good end stayed that way unbll the
end of,sklmmlng‘ However, the bubbles gradually
became less mlnerallzed.

Goncentrate 20

Added #3301 07 & / fon
Cbnditioned 2 minutes
Skimmed 15 minutes

pHE . 8405
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& In the first minute, a thick scum of mineral -

: formed, the bubbles gradually formed; ‘some of them large

, and heavily mineralized. Theyfroth was over persistent.
The]‘buﬁb‘leé feduced in siﬁe until of mediun‘fsize, and |
min‘eraliz’a‘bi’onk lessened, but- thé froth was too tb‘u’ghk fhe ,

‘ whole':tjme;
| RESULTS.

o Coﬁé- o % of Au Cu Fe : A’s:' Au o Cu | Fe As
entrate Wghte = Feed oz/ton % % %~ _Rec Ree Rec Rec
1 5584 4.8 0.56 1,05 85.0 11.0 56.5 91.8 42.5  50.2

2 24800 24,1 0,08 0.07 37.4 9.5 5.5 3.6 31.4 27.6

T  %423.0  41,1 0.82 0.05 18,6 4.5 38.0 4.6 26.3  22.2
| 1028.5 | 100.07 ‘, e | 100.0 100,0 100.0 100.0
FeAsS CuFeS, =  FeySo kFeAsSv CuFeSo | ‘Fes:2
Conc— . Grade Grade Grade ~ Recs . Rece o Re‘o;.’
entrate “Arseno-= Chalco- ~ Pyrite  Arseno-  Chalco-  Pyrite
pyrite  pyrite _pyrite . pyrite \
1 28,9 8.0 47.7 508 91.8  39.5
2 20,7 10.2;;’_' 57,0 27.6 '3;6 32.6
T 9.8 '0.2 o 28.7 22.2 ~4;6 | 2749
| | 100.0 100.0 10040
..C'onclusion. Aerofloat # 15 .does not gppear to be as safisfactorj a

frother concérning only the c¢cllecting power; but as a fi'othe'r,
only, it was considered b‘et’kce;'kthan’either Pine 0il or Cresylic

Acid, due‘_td toughness of bubbles and general behaviour,
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_ TEST 10.

To 4dd # 301 to +the Ball Mill Instead of # 208

kaly'lar-ge ’,co’i Bali Mlll & , : “Ore : 1000 gms.
) o . Waber 1ooo
Na,COz @ /gm ton
-73{%01;01 ‘ 8 (1)5##//t’22n
'f~'Gri-nding Time -~ 20 minutes-.f o |
Cell  Goncenmbrate 1. | RISt
; Added R Aerofloat # ’15 e 0,088 4 / ton
C'oyndi“tionecki - 2 minutes \
Sk:“!:rmned - :’5‘0 ﬁihu’ces |
PN o . g.sz

For the flrst mlnute, the bubbles were small weak and
dlrty. For the rest of the tlme +the froth and bubbles were, )

on the w’nole, good although the bubbles were sllg;htly over— :

- mlnerall zed.
C‘ox,vlqeﬁtr‘ate, 2.
Added e fer ofloat &5 0,4t 4 / ton
' 4 208 4 0,07 i/ ton
' Condi’cione’d’ S 2 minutes |
Sictmmed - 15 "
pH R 8.4 ;

‘The forth had the right persistence, the bubbles wers of

medium size and lightly mineralized.
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2 71 7 " ‘ .
. RESULTS.,

- S R o S N Y e i 4
y(\Jonc-‘” ‘ "ng’lt. "Percent Au ki Cuf Fe As Rec Rec Rec Rec
entrate  ofFfeed oz/%on_% %% A Cu | Fe  As

1 ‘206.2,s 20,1 0,78 1,64 35,2 9.4 52,7 77,0 24,1 25,7
2 82.8 : 8.1 0432 0448 33.3 9.9 B.7 8.0 9.2 10.7
R 737.0 71,8 0.16  0.09 27.506;6 38.6 15,0 66.7 63,6

1026.0 1000 ~100,0 100.0 1000 100.0
FohsS _CuFeS, FeS,  FehsS  CuFeSy  FeSy
Conc~ ,Grade- "Gfade1 | Brade  Rec. Recs Rec.
entrate Arseno~ - Chalco- Pyrite Arseno=- . Chaleco= ‘Pyrite
pyrite pyrite . pyrite pyrite

1 20,5 47 50,0 25,7 77.0  28.5

2 21,5 Pl 48,3 10,7 8.0 9,0
T 144 0.3 40,5 6546 'f,,15.o 67,7

S Tl 100.0 100,0 10040
', Conc‘iusibn.:‘

"'I'he gold and coppei', coﬁtents were incré‘ay‘séd in this test -
and thére’was less gold in*the“tailihgs.‘ This indicated that
# 301, wﬁen used ‘in the Dai'l'}\fill in place of # 208, is a
better collec'tor for Igold' andchal’copyrite', but not for

arsenopyrites,
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CTEST 11.

s
i

To Attempt To Get a Bulk Concentrates

Charge to Ball Mill, . oOre - 1000 gis
; . : “Water. © 1000 Gmsy.
Ne,C03 4 4 / ton

Key 0.1 # / ton -
. o208 o.os'%fc/-ton
(#3301 0.053%/ ton

~ Grin@ing Time " - 20 minutes.q

C_e‘i‘l S , : C,o’noentrat‘e 1. o ,
o Addéd - ;Aerofloat,#$15 Lo | .088 #:/ ton
e -Condi%ioned - 2 mihﬁtes , k |
Skimmed N
e v e
k At‘fif%tqthe babbles énd froth ﬁere good, then £he

bubbles'became too large,and'overmineraliZed,:aﬁd the ffoth
ytobgtéugh. The froth gradﬁally‘weakéngd so éfter'fifﬁeen
minutes, pné:droé,of'Aefofloat # 15 was added. The fréth

and bubbles were good witil the end of skimmimg.
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Thls test showed that a bulk concentrate contalnlng

9063 % of the gold can be obtalned in a concentrate with

58

7 of the feed. :

RESULTS.
. Cone-  Wght % of Gold Cu Fe  As Au  Cu  Fe As’
-+ ‘entrate Feed: oz—ton % reh % 'Rec - Rec Req Rec
"1 580.1 B8 0.54 0,65 56,8 110 90,3 89,9 T1.0 76.3
T 4257 42 0.08 0.10 20,3 4.7 _ 9.7 10,1 28,0 28,7
10038 100.0 100,0 10040 100.0
kConc- . Grafle Grade Grade Rec., Rec. Rec.
entrate  Arseno- Chedco- Pyrlte . Arseno-  Chalco- -Pyrite
o : pyrite pyrite : pyrite . pytite :
1 23,9 1.5 53,2 6.3 89.9 £ 69.8
T 10,2 0.2 3L.5 28,7 10,1 3042
100.0  100,0 ©  100.0
Conclusions
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TEST 12,

%

To Test The Effect Of High Alkalinéty.

Cherge to Baell Mille ~ Ore 1000 gus.
R L S Water 100
NaOH - / -
A 208 o 05 # / ton
~Grinding Time e 20 minutes:.,
Cell " Concentrate 1.

© Added - E Aerefloaty#:l5,’ ” 0.044 # / ton
Conditiened - ‘ZVﬁinuﬁeS s |
’skimmed“ et 3 "
pL - 1200

At Ilrst a very'tough dlrty froth of tlny bubbles

‘fOrmed. The bubbles slowly became larger and more mineral-

ylzed until theyxwere of’ medlum,51ze. The froth;at~f1rst,

was'overjperéistent; later it improved, but was not satis-

fecfery‘at any time.

Concehtrate 2,

 Added | = #0107 S ﬁ7#/tm‘
S L 1:1 HpS80p  _gufficient to bring
: ‘ _— E ~ down the pH. :
Conditioned = 2 minutes :
Skimmed - 25 "
PH = 9.42

A silver soum coated the surface'of the pulp.‘ Liver
bubbles completely coated Wlth mlneral formed, and the froth
was over pers1stent. Bubbl es gradually decreased in s1ze, and
became less mlnerallzed until after elght mlnutes the mineral-

ization was satiafactorys.:
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" RESULTS.

N PR S Ty
POAREI s AN Aia B

W

e I

 Coné- g ﬁ@ht. . % of Gold : Cu Fe As ‘Au :
entrate .. Feed oz/ton 7 7 % , “Rec

cu Fe" As
Ree: Rec . Rec

1 254,4 24,8  0.64 1,45 35,3 10.4 45,6
2 M47.4 437 0432 0.14 37, 1 “ou7 40.0

T 21,9 51,5 0,16 0.05 14,2 5.7 14,4 -

8243
14.1

3.6

29.8 = 30,8
55.0 55,5

15,2 13,7

1028.7 100,0  100,0 100.0

1000 100.0

FeAsS

CUFSS?

TFoAsS CuFeSg . _FeS

VI

Cone= Brade  Grade - Grade Rec.

"entrate Arseno-  Chalco~ Pyrite Arseno-

pyrite = pyrite = ~ pyrite

Reo'o
Chalco=~

pyrite

Rec,

~Pyrite

1 2206 1.8 © Bl 30.8

2 288 0.9 545 B5.5

T 81 0.4 o211 15,7

82683
14,1

3.6

10040

294
85,2 -
15,4

100.0

; Cohélusion.'

Thls 1nd10ates that a falrly high alkallnlty does not

a?feot the selectlve separatlon of pyrite and arsenopyrites




TEST 13,

¥
&
&

 To Cleen A Bulk Concentrate.

Charge to Ball Mille ~  oOre 1000 gms.
- : LT S Water = 1000 gms.
Na260z; 4 / ton

4208 0,05 i/ Gl -

# 801 0.05 4f / tom
| Crinding Time - 20 minutes.
Cell | . Concentrate 1 :
Added | _‘- . herofloat ﬁ’lS " 0.088 #-/’ton
o S (total) ‘
, Condltloned =2 mlnutes
Skinmed - 30 M
o - 8.5

uThe froth'was ‘weak and dlrty for the flrst mlnute, then
1erge, over mlnerallzed bubbles and an over per51stent froth
formed. The froth wradually Weakened and the bubbles became .’;
kless mlnerallzed. After flfteen mlnutes, one ﬁrop of Aero- |
. float # 15 was added and a good froth of llghtly armored
: bubbles of medlum—31ze was obtained,

CleanerfConcentrate le

- Added

© Pulp dilution 4:1 (roughly)
Slkimmed . o 6 minutes
pH T

Large, tough, heav11y—m1nera11zed bubbles formed but

they gradually decreased in 51ze and load of mlneral.,'
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e Cleaner Concentrate 3,

0+044 # / ton

102143 100,0 -

-  Added B ’Aerofloat’#:l5 )
' COnditidned- - 2 minﬂtes |
"",Skim(adr = PR
pH - 8.0 | ,
Thé froth wasuféiriy tough;~the bubbles were small,
and’no% néérlylas,heaﬁily mineraiized as thése~ofktheh
. | p‘r‘evioﬁsk ééncentfat e’\.‘ , | ‘ e
| Cleaner,Concent‘rate Be ,
“Added ' Aerof Loat 15f';  04,044 4 / ton
| Conditioned - 2 minubes B
 Skimmed - 6 minutes
pH R 7,80 - ;
‘A goOd,ffoth of small, lightly;mine;alized'bubbleé
s obtained.  o -
o © RESULTS.
- Conc—", % of ’Goldl  Fe AS' Au Fe
|enteate Weht . ‘Feedk ;9z/£on~ % % Recs Rece
c1 ' | ' .
001 236.2 231 0476 54,8 8.0 46,2  28.6
cc2 728 7.l 0,60  Bl.5 1.2 8.0
€05 520 5. 0.48  53.9 6.4 6.3
CCT 68.6 6.7 0.52 0.8 5.7 Tod
T 591.6 58.0 0,20 28,1 30.5  49.8
3 100.0 100.0




cbﬁcﬁs ion. |
Resulfs obtained in this éttempt’to separate~
ﬁheifpyrite;aﬁd afsénopyrite by cleaﬁing a bulk
concentrate, were not Satisfactory.  These’re$—
ults bear oﬁt_fhe final conClusion‘feaohed that"
kpyrite,and~arsenopyrité react'similarly to all

‘reagents and cammt be séparated'satisfactorily.




E ‘  TEST 14.

, To Get A Bulk Concentrate Us1ng 76 (Pentasol anthate)
' ‘ as a Collector.;

Gharge to Ball M1l - ore 1000 gms.
| SRR Water 1ooo
-NaosC0g /gm

Gell . . Goneentrate 1.
Added . - Z-6 , 0.12 # / ton
© Aerofloat # 15 0,088 # / ton
o ” o - e (total)
Conditioned = = = 2 minutes
Skimmed . - .28 "
cpHo ) ' - 8,98

A good frdth‘of Well‘mineralized»bubbles‘Was obtained.

- RBSULTS,

Cong= S  %~0£ ' Gold  "Fe ~,'As  Rec . Ree
_entrate Wght, Feed  oz/ton % % Au " Fe
1 86,5 45.2 0.62 545 8.9 7o 5548

T 554,35 54,8 0.6 22,4 3.6 4.2
1010.8 100.0 |  100.0 100,0°

‘Cdnclusion. T L o ‘
S This collector was not satisfactory as it produced a

concentrate carrying only 76.4 % of the gold in 45,2% of

the bulka o




TEST 15,

“
P

To Get A Blanket Concentrate,

Charge to Ball Mill, S ore

1000 gmse -
- Water. -~ 1000 gms.

Iime of Grinding =~ 20 minutes.

The‘chargeﬂfrom‘thé~ball mill'was washed over a

'cbrduroy blankets

- Conce

- ton

Whte % Feed = Au. oz/ Au.

Recove

1 - 179.8 18 0.44

1840

Conclusion,

This test showed that blanket concentration of this

ore is mot satisfactorys From the results obtainéd in .

this pest and the following one, it is evident that there

is no comcentration, the recovery depending entirely on

the bulk remaining on the blamket,




e

 PEST 16.

1 Td;Get'£ Blanket Concentraﬁe and Then Float'the Blanket Tailingss,

*. Charge to Ball M1l  ope 1000 gus.
: SIIRR S Water 1000 gms.
- NaoC0s 4 #/ 'bon
- KCN 0,10 #:/ ton
Time of grinding - = 20 minutes.

':conceﬁtrate'l.

The charge from the ball mlll was Washed over a corduroy
blanket. The talllmgs were flltered, put 1nto uhe cell and
dlluted 41, | |

Cell = = . COQCGnﬁrate,Z.
Added - o #B01 : Oe 1o-% ton
i g Aerofloat # 15 0,088 # / ton
1:1 HgS0y 067 oot
: o (to lower “the pH)
Conditioned = = 2. minutes
- Skirmed . = 15 M
pH = 8.9

One drdpﬁof’Aerofloatw# 15‘pfoducéd a weak froth, so one
'more drop‘Was~added. This produced 1arge, heaV11y mlnerallzed
“bubbles at flrst but they lessened in size and mlneral burden

untll af er thBee mlnutes, the froth wes g;ood°

Concentrate 3.

Added = ousO, 1 # / won
: : ﬂ-sof ' 0,05 # / ton
© Aerofloat 15 0,044 /’ton
\‘Conditioned E ‘2 minutes.,
. Skimmed - 12 M

pH O 6.78
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A good. froth of small,'well—mlnerallzed bubbles at first,

'«r,

was obtalned. The bubbles remalned small but slcwly wealk~"

ened and became dlfty

- RESULTS. |

 66mc.‘ ‘W%.\‘ e i Gold : Fe = As  Au’,‘ Fe As‘

R - Feed oz/ton % ‘%f%" %CReo% . 7Fkaf Receh

C-1 2365 24,5 0.4 1,3

-2 285.7  30.0 0,68‘ 58.8 11.5 48,5 39.1 4l
-3 '114 9 _12;1 0438 3847 9.0 10,7 15,7 13,2
o s, 3 35,4 0.16 “ 185, o

954 4 ~:1 . R ‘ik~"LiOo;o‘

~ Conelusion. o Ly
L o 'These'resultsfShowfthat floatation of blanket

talllngs does not give a better recovery than stralght

flotatlono;
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~TEST 17,

To Use Sodium Sulphite (Na§SOZ);‘Instead,of KCN in the Ball Mill.

Charge to Ball Mill BRI Ore 1000 grs.,
L g ‘ - Water - 1000 grse
NagCOz 4=# ~ton
208 0405 # / ton
301 0,05 # / ton
o I\Ta2805 0,10 ton

‘Time of Grinding - 20 minutes.

. Cke‘ll o Concentrate 1. :
|  Added - Aerofloat #=15 0482 # / ton
; 'C(O,I’l’diktion‘ed : - | 2 mlnutes ‘ i S
"'Sk:i'mmed B =80 n.
B - T.es

The froth was good as were ’che bubbles, Aerofloa’b #15

~ being added whenever the f‘roth got wesk. R

RESULTS. R
' k,‘C‘o_ne- W. % ‘ An’ Fe.  As :  Au “Fe , As -
» Feed _oz/ton % % - Rec% Réco Recs
1 ,,510.7 51. o 0.68 39,2 10,8  8l.l 66,2 70.8
T 507.0  49.0 0,16 . 18.9
1007.7 100.0 o 1 00,0
‘8 .
Conclusion. f’

There is no appreclable dlfference 'between these
results and those obtalnable for test #ll, shomng that sodlum S

sulphl‘ce has 11’the effeo‘b.
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PEST 18, =

To Duplizdte Tesﬁk#vl7,ﬁBut Using More Sodium Sulphite.

 Charge to Bell Mill. e

Ore =
Water
I\Ta2003 ;
# 208
301

" Concentrate 1.

7 Cell
- Added -
Condiﬁionédf
Skimmed
pH

AerofIOat,#%15
- ‘Z;minutés :
- 50 "

- 8;. 42

1000 gms.
1000 gms.
4 / ton
1.0 # / ton

~O.‘05 # / ton
0.05 # / ton

0,132 # / ton
(total)

The bubbles were small and dlrty at flrst then.beoame

well mlnerallzed.~

They 1ncreased in sizé until qulte large.

Whenever'theAfroth became Weak,‘Aerofloat-# 15 was added.l

solutlon of sodlum sulphite had no effect.

- RESULTS.,
Comes Wght. % Auw PFe  As A Fe s
s : -~ Feed oz/%On : % : % “Reg Rec Rec .
1 589,4 58,0 0.64 ,58;5, 10.8 ° 8845 7541 79.8
4257 0,14 18,5
1015,1° 10040
Cohclusion. Other than an 1noreased bulk the addltlon of more -
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TEST 19,

To Sepéfé&evarite‘and Arsenopyrite at a Low pH.

 Charge to Ball Mill, f . ore 1000 gms.
; , ; : o Water. 1000 s
NanC03 4 i ton’

Nap803 14 / ton

' Time of Grimfling - 20 minubes,
S ge1l R . Concentrate 1. ’ ‘ : o
Added - Aerofloat # 15 0,088 # / ton
: e L #8301 0410 #n/ ton
HZSO4 (l.l) 302 C‘oco/
Conditioned = 2 minutes
Skimmed - 7o
PH & 5.8

A goed, pefistent froth of large, well-mlnerallzed bubbles
was formed‘ The bubbles became smaller, at end of s§ix mlnutes,
: more Aerofloat ﬁ 15 was added. In an~at cempt to get a hlgh grade

Uoncenbrate the tlme of sklmmlng'was cut. downo

L Concentraﬂe 2.,

| Added - Aerofloat # 15 0.044 # / ton
| | #2208 0405 # / ton
wso, 1.k / ton
' Conditienedb' - 2 minutes | '
Skimmed/ | - b minutes
CpH - sar

: The froth was teugh and composed of small, fairly

well mineralized bubbles, which soon became clean.
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TEST 19%

4 . g ‘_’W'RESULTS.'

,Conc.‘ Wghte % Feed  Au Fe As Au  Fe  Asg ,
) A g~OZ/%On % % - "Rece ~Rec, Rec.

1 180.7  15.0  0.86 40,2 10.5 30,6 20.2 0.2
2 1845 145 0,56 58,1 6.8 19.0 18,4 12.5
T _711.9 707 0.50 . 50,4

1006.9  100.0 10000

~ Conclusions,

Test unsatlschtony as there is nc spparatlon of" pyrlte

and arsenopyrlte.




' TEST 20,

 To tryeselectlve Ilotatlon by Taklng a Pyrlue conoentrate and

then en arsenopyrlte concentrate.

: Procedure - To float the pyrlte with a small amount of Potass1um‘
Ethyl Xanthate followed by a more powerful collectork‘

for the arsenopyrlte.

Charge to Ball Mill  Ore 1000 gms.

Water 1000 gmse
NagC0y 44/ ton

Time of Grinding = 20 minubtes. .-

| Concentrate 1, | | ,
Added . - Pine 0il # - 0.,069# /ton -

thEuwmmew 0401 # / ton

Conditioned - 2 minutes
- Skimmed - o~ 35 W
-~ pH = 8.7

\

Got & good froth of well-mineralized bubbles.

Concentrate Do

M@df‘,t‘ ,Pme%l#S- V m%9#/mn
o 7-6 0,40 #/ ton
*Cu804 ' ‘ ’1.5’ #ﬁ/{ton
f”Gonditioned‘ e 12 minutes. |
Skimmed - 10 "
CPH L, 15

A“?eréistent ﬂlrty froth with small, falrly'mlnerallzed‘

bubbles was: obtalned.



; © RESULTS.

| Gone. Vent, % Ay Fo e Fo ,;As'

- s Feed = pz/ton % % ‘Ree¢ = Rec = Rec
1 ‘~5zo,d 32,0 0,62 40,4 105 63,2 46.1 47,3 .
22009 2 0.4 3601 9.7 5.0 2.4 3.6

| 28.0 55.8  57.5 49,1

T  660e4 65,9  0.16

5,3

100,0 1000} 1000

Conclusions

~ The Test was a failure as there WAS no seéaraﬁibn of the

pyrite and arsenopyrite.
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TEBT 21,

Tp Get & Bulk Concentrate #nd Clean It in a High Alkaline Circuib.

‘éhargé to Ball Mill . . ; RE - Ore 1000 gms
gl = Cyanide 0.1 # / ton
Time of Grinding ~ = 20 minutes.

Bulk Concentrate

. Added - Aerofloat #:15 - 0.088 4 / ton
I %208 - O%’#/Tml
% 301 - 0405 # / ton
kConditioned - uZ‘mihutés,'
Skimmed . - 19 &t

At first the bubbles were too lérge, but soon improved,

producing e good froth of over-minerslized bubbles.

‘Cleaﬁing of‘Bulk Canentrateo

The concentrate of 582.0 gms. was transferred to the

lSOOfgm; éellranﬁ~dilﬁted to 4:1 pulp~denéiﬁya /Sodium.hydroxide
was:added‘to faise*thé pH to approximately 11.0. Ifkwas foﬁnd

 that the firét’addition brought the pH o 12,6+, As this ws
toovhigh a few drops of 5 sulphurlc ‘acid were added. This was
agltated for one mlnute and the pH was found to be 11.5. |
;Ev1dentiy~the»ag1tatlon'Was 1nsufflclent'as at the conslus-

' 1on of the run the pH was  9.10.

Concentrate 1 - Cleaner.

rdded - NaoH & HpS04 (1:1) pH - 9.10
‘Conditiohed L 1 minute ’ Skimmed - 87minutes

The fr&th'was géod and the bubbles Were7well mineralized.
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~Cleaner’ Concentrate 24

e ~Skimmed L 35 minutes

&

pH - 8.2

This is a conﬁinuation'of l.. The skimming was continued
: unﬁil ﬁhe bubblés were clean,

- Cleaner Concentrate 3.

- e A . Added e VAerofloat 7 15 0.044-#,/]ton
# 301 20,01 4 / ton
- Conditioned - 2 minutes |

,Sklmmed S  ,‘1‘;
Thls test was abandoned due to mechanlcal trouble, but:

-The froth was very swmllar to. l and 2

RESULIS,
Conc. Wghf; %~ , A Cu ‘ Fef As | Au Cu  Fe Au
' B 7 Feed ‘OZ/%QH % - % % - Rec  Ree Rec Rec

1  f582.o 61,5 |

CCl 114.4 12;1 0.8 1.44 38,5 12.8 28,8 40,2 15.7 20,0

ccék 149.5 . 15.8 ,' O.64  0495 38.9 13.5 50.8 54.8 20,8 27,7
> ; " , ‘, : , |

CT  318.1  33.6 0.36 20,5 9.2 36,9 46,1 40,2
T 565.5 8.5 0,08 151 2.4 3.5 17,4 _12.1)

947.5 1000 i 10040 1 00,0 100.0

Conclusion, Thié teat produced the highest frade of arsenopyrite'obtéined,

’Thls 1ndlcates that a high alkalinity is neoessary for the sep-
aration of pyrite and arsenopyrlte. This agrees with the flnd-
1ngs of Wark & Cox ‘which are summarized elsewhere. Although the

‘arsenic content was 13,59 1t wa.s not a commerclal arsenlc

concentrate.



GAS FTLOTATION
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- o GAS FLOTATION

&

These tests were not succeésful so‘the'remarks in the;conclusion
'for~eaoh téet'Will be sﬁfficient.' There was not enough time to make a
thorough investigation so the matter was dropped when the second test
"‘was finished,/‘ | |

The hydrogen sulphide ges wag generated in the usual manner and
1ntroduced into the eell through the ordinary air passage.
| Carbon dioxide was made by the: aotion of 1:1 H 364 on lumps of :
Soda Ash,. The gds entered the pulp through the same air passage.

For the resulte,~see tests #22 and 23.



TEST 22,

To Duplicate Test # 4, Using Hof as the Gax Phase.

‘Chargé to Ball Mill. R Ore 11000 gmé.
' B R h © Water . 1000 pms.
Lime - 2 #f ton .
KON 0.00 /ton
Time of Grinding - 20 mlnutes.
fCOnéentrate : R N
SGell . Gregylic hoid . 0.109# / ton
Aerofloat # 15 0.044 4 / ton
# 301 005 # / ton
| Géndit‘ioned = 2 minubes.

As o non-mlnerallzed froth was obtalned 11 O #=//ton,
CuSO4 was added., This had no eff@ct SO &n extra O 15 7=/’ton
of #?501 was added. The Proth was still non—mlnerallzed, 80
'the test was abandoned.‘ ‘

,Conclu81on, The HZS fouls the pulp by preclpltatlnv sulphur
whlch 53%§'the mlnﬁral partloles. ‘
This is e&plalned by‘a considération;of the law
of masscaction which is- Shown by the equatlon'-

(H)2 (5) ,K
HoS E

As the 1on;zatlon constant K 1s 1owm an 1ncrease of

“the hydrogen ion concentratlon due to an acid olrcult necess1tates

a proportlonal decrease in the sulphur‘lon concéntration.‘ This.
foreces the sulphur to preclpltate formlng a sulphur coatlng on

the mineral whlch 1nh1b1ts the flotatlon.
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o | TEST 23.

the Gas Phase.’

»

To Duplicate Test # 4, Using €O, as

Charge to Ball Mill

1000 gms.

Ore

Water 1000 gns.e
Lime 2.0 7 / ton
“KCN

. Time of Grinding

" Concentrate 1.

Cresylic Acid

0) 10 # / ton

20 minutes.

0,11 # / ton’

0405 # / ton

C;ell o
~Aerofloat
¢ 301
: o C'ondition’éd 2 2 ,,mii'lu‘tes '
o Ski’mmed’ - 10 "
o - 6.67

The froth,fwés weak and dirty while '_bhé bubbles were small

and lightly mineralized.

Concentrate 2, :

Added

1.0 4 / ton

-  Cusoy
Cpn'di‘oioned' = 2 minutes '
. Skimmed - 10 M
| rH ~ 660

The bubbles Wére small and

was weak and dirty.

Gonéenti‘ate 3.
Added . Pine 0il
301

~ HpSOgz

Conditioned — - 2 minutes.

lightly mineralized; the froth

0.08 # / ton
- 0.02 # /ikt'on

& cece of 131
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(Test 23 = con’t;)

oy
- *

Skimmed

pH

I~
""
8-

1

5 minutes

3030

A good persistent froth with falrly well—mlnerallzed bubbles

Was obtalned.

Mineralization lasted only a short time,.

Goncentrate 4.

Added

Conditioned
Skimmed

pE

‘Cresylic Acid

‘Soap

10,218 # / ton
Barrett # 684 +0.25 # / ton

 +4.0 4/ bon

-~ 2 minvtes

7 minutes

- 5.78

At f£irst the bubbles were large~and‘heavily‘mineralized.

After 5 mlnutes they ohangeé rapldly produc1ng & good froth

of small clean bubbles.

The concentrate had a peoullar app-

earance as 1f some flotatlon was taklng place.

% of

gas phase were. lower in grade than these of test 4.

Cono;l Weht. ) Fe " Au Fe As
' b : Feed oa/ton % ;l'% | Recy Rec, Reo.
1 4.6 .45 0.88 85.0 5,65 1.1 0.5 0.5
2 18 7 ceem Bl 5.8 —ee 0.3 0.2
3 11.0 1.09 1'eo44k : 35,9 749 To8 'l 1.3 1.5
4 24,8 2;47, 0433 26,8 5.1 2.2 2.1 2.1
T 967.0 95.82  0.36 50,0 7.1  95.4 95.8 96,7
1009.2 10,0 100,0  100.0  100.0
Conoluslon..

The concentrates produced when carbon~dioxide was used as ‘the

This is due

- to the formation of oarbonlo acld in the solutlon and the probable

resultant coatlng of carbonate on the mlneral surgaces,

- reducing the floatabilityse

thereby
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SUMMARY OF~RESULTS OF CYANIDATION

By

The results are summarized in the follow1ng items. 'Further para\,

ticulars: nan be found in the descrlptions for each test. It is concluded—

(1)

That no matter what type of prellmlnary tneatment the ore receives,

. vexcepting fine grindlng, “the percent recovery of- the gold by cyanidm

: ation is practieally the same,

()

That the consumption of lime and cyanide can be lowered consider«

Ky ably by the use of- litharge.‘ This apnears to be an example of a

time increase the consumption of the lime and cyanide.
;(5),

period is unnecessary and increases the reagent oonsumption°

; chemleal ox1dizing agent proving beneflcial.

That bromocyanide is not necessary,’q S

That fine grindlng will increase the gold recovery and at the ‘same
That 48 hours are sufficient for agitation and that & longer

The following results were obtained from the tails of test 57

;,whleh wes a direct cyanidation experiment.,

CBlze Bz W % e &a

Mesh .o 'y Gpg Wk, OZ/ton ‘ Dist'n
4850 T 34856 0.5 0,36 - e
250-400 56-40 19,4 14,00 0.22 12,80
400-560 40-28 39,3 28,40  0.19 22,45
560-850 © 28-20 Bl.6 22.85 0,20 18,95
. 850-1100 20-14 20,8 15,04  0.26  16.22
1100-1700  14-10 9.8 7.08  0.28  8.23
-100 <10 16,9 12,20 0.42 £1.30°
‘ ’ ‘ - 138.3 100,0 . 100.0

A recommendation for further work in conneetion with cyanide tails

can be found under heading "Recommendations for Further Work™, See No. 4.



(7) ,‘ §‘ The f0110w1ng results were obtained from the infrasizing of

test 54, whieh was’straight cyanidation after fine grinding.

&
<
e

Size “",*$%7."M‘ % ‘%m‘ Go1d

Mesh - u Grg.,  Wt.  oz/ton Dist'n
$250 48 01 0,07 - o
‘2505400 e 5640 0.2 03 em o en

| 400-560 . 40-28. 0.5  0.33 = ol
 560-850 % 28-20 8.3 ' 2,20 e.ion 1.44
850-1100 . 20-14 21,8 14.54 0,18  16.92
111001700 1410 40.1 26.75 0,18 51,02
=100 . -10 83,9 56,00  0.14 50,62
i . k~ioo;o“, B kk 100

The results shoiy that the gold remaining in the very finest grind
1s the chief source of loss.

 RECOMMENDATIONS FOR FUTURE>WORK"

If at any time further tests are made on the Wisconsin Ore, the
following suggestions might be of some. helpe ’
(1) The possibilities of very fine grinding ehould be'examined; Al
’ though the gold recovery in test 38 was 72, %%, the grinding was bemn
: yond the present practical range.'
- (2) The use of bromocyanogen should be studied.~ Although in these
tests the addition did not materially increase the recovery, it should
'fbe noted that‘there‘was no exceSS‘at_the end of the=test”'although
there had been midway thru the Tun. . o
; (3), .Fresh ore should be used as mnch as possible, as it was found that -
n,oxidation lowered thefreoovery. :
(4)‘, An analySis of the tails’from a etendard oyenidation test on the

ore was made and reported elsewhere, 1% is~suggested that a similar;'
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. test be made by infra5121ng the residue- and separating each tube pro-=

’l Tk
k

-duct into pyrite and arsenopyrite and ‘assaying each concentrate. ‘This

S would show;the~extent‘ofvthe acticn of the«cyanide upon each mineral.,

g

THEORY OF CYANIDATION

 CHEMISTRY OF PROCESS: |

‘ The ﬁsual,reac§10n given for the:aiseoluficn ef goldkand metallic
silﬁer in cyenide~solutiéns is‘known~ae~Elsner'e~equa£ion

2 Au % 4 KON § 0 4 Hzo - 2K Au (cN)2 @ 2KOH
| T The actioﬁ of cyanide on silver sulphide is not\as well known,
, but 1t mlght be written as- | | |
Ag 8 % 4KCN‘% 0 % H O e Ag CNS. KCN'% K.Ag (CN)24% 2 K OH

FUNCTION OF OXYGEN

Oxjgeﬁ appears t0 be an indispensible~facter, either d1rect1y
orfindirecfly,kincthe dissclﬁtion of goid &‘eilver by cyanide'sclutions;
1The most generally useful agent fer this purpose is atmospheric oxygen |
| end usually a sufficient amount is absorbed by the solutions in their
: circulation. | | |
| Ghemical oxidizing’agents are generally not satisfactory asg
ethey oxldize the cyanide to cyanate, which is useless in that form. Twow

'agents that were used in the tests were, however, successful 1litharge or
"leaderide,,end, to a leSser extent,~bromocyancgen.':

| - The litherge wesevery~usefu1‘for reducing theklime and cyaniqee
‘coneumption,'and bromocyanogeﬁ for reising the recdvery slightly; Jnlian'
and Smartlosay that the activity of the 1atter is not dus to the liberty
- of the cyanogen, though that probably occurs, but to a liberation of
;oxygen. |

10, Cyaniding @old end Silver Ores, pg. 8l
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2. Br CN % KCN ¢ 4 KOH -~,2K Br % 2 KCN % KCNO 32 Hgo % 0
-Should an ore contain a reducing agent sufficient extra oxygen
’and cyanide must be edded to make possible the proper dissolution of the

precious metals,

\ §

An increase in temperature increases the rate of diseolution

,'of the metals.f'

STRENGTH OF THE SOLUTION IN CYANIDE

There is 1o advantage geined by 1ncreasing the strength of the
’selution beyond that which: is actually needed for the dissolution of- the |
.preclous metals. A further increase leads to chemieal and mechanical
losses of the cyanide which ers unnecessarye,

METHOD OF CYANIDATION

- The eharge was placed in the rod mill with an equal amount of

| water, and ground for 20 minutes. The pulp was filtered $0’ reduce the

- water content and put into an inverted bettomlese acid bettle.j Air'at‘\
- low-pressure was passed in in such a manner that it entered the pulp

from the bottom and kept the contents in constant metion.~ The reagentS'

were added at this point. | ’ | | k

The lime and cyenlde contents were checked several times during

each run- to assure an excess of each. S

| At' the end of ‘the Tun a final anelys:ls was made of the reagents

fJand the solution,filtered off; ;The fesidue W&Sgaried and asseyed for
géld; R , e A :

The recovery was calculated from the relation

‘100 % Assay of Residue

Head Aseay ‘—eeercent losseof gold.
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TEST 24,

_To Cyanide The Ore,

' Charge to Ball Mill

Cyenidation

Lime added

Left at flnlsh . 1450 Cece at 0.0297 = 0.402

Ore 500 gms o
Water 500 gms.
Lime - 18 # / ton
Cyanide
;Time of Grinding ; = © 20 minutes.,
 kPulp Density = 3:1

Time of Cyanidation 48 hours.

 Lime Consumption.

‘Titrated, 25 GeCs at 0.055 /A

i

- Lime Recovered

', 25 cec. at 0. 028 % == 0,007

1500 0000

, lee 1ost -= 2,5 - O 42 --2, 08 gms .

Lxme;consumptlon / ton of oreu—— (ZOOO)(Z 08)

KCN added

5 gmsk
-5 M

10 gms.

KCN

500'

~ Cyanide Consumption.‘

Tltrated 25 CeCo at .005 %

it

04417

KCN recovered ‘

N 25 CeCoo a-b e

285 % ==

Left at flnlsh 1450 GeCs at .19 /SR

- 1500 c.ce

lost == 10 - 2,84 -- 7.16 gms.

8,32#,

of ore -
5 #:/’ton of solution -

0.00875 gms.

26837

+"« KCN consmmption -- 7.16 #:/ﬂton’éf solution.

5991 %

Au recovery

gms .
Zms .
gmsf
.00125 gms.
071 - gms.
2.755 gms.

gns.



3
4

Conclusions.
- This indicates that straight cysnidation of
the ore will give a 59 % recovéry of the gold with

a moderately low reagent consumption.
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. ~ mEsTas.

,,,,,,

o Roast,the,Oreraf‘afLow Teﬁ?erature,and Then Cyanide.

Roastlng. Temperature of Roasting o “‘:‘-; , ~47850 @,
Time of Roastlng ,”17 g N ‘2 hours
L ' , ,Welghtoor‘charge'beforelfoaSting‘ : 500 grs.’

" o ‘; ? after LI ' 437.8 grs.

Percent loss in weight S i ;kllz 4%
The roasted charge was thoroughly mlxed ‘with llme

(lG#/ton), moistened, and allowed to stand for forty—elght hours.i'

Then 1t was cyanlded.

Cyanidation. - PUlp Density B S O

~ Time of Cyenidation 48 hours

'Lime\Cohéumption;'

;LimelAddéd ” - o - . Lime BecoYered
4.0 grs..  Titrated, 25 c.c. at 0.004% 0
2.2grs " 25c,c.at 0.041%  0.0102  grs.

2.2 grs.,  Teft at finish, 1263 c.c. &t 0,040  0.5052 grs.

8.8 grs. 1313 cec.’ . 0.5154 grs.

Liﬁe consumption < 8i4 - 0.58 = 7.88 grs.

Lime consumption / ‘ton ore (20222(2 -88) =’~$6;O 4
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Cyenide Consumption.

KCN.Aaéed et | 5 R KCN Recovered

: 4;4'g§s,  y D Tltrated 25 ¢.c. at O. o% o
_jiﬁingrs.z~ - ~e';‘ ( ;’Yf ; 25 c.c. at O. 40% O,iQO‘egrs;
yléiz grs. = 'kLeft at flnish 1263 cc. at 0, 18% §;§;§ gfee

12.418\egns;

| KON comsumed  15.2 = 2.42 = 10,78 grs.

KON consumption / ton of ore (2000)(10.78) = 12.32 # -

'

Gold Recovery 614 %

Gdﬁclusion
The slight increase in recovery does not warrant
roasting before cyanldatlon, nor the 1ncreased cost of lime '

and cyanide.



i TEST 26.

~ To Meke 4 Bulk Concentrate and Then Cyanide Tt.

Charge to Ball Mill ore - 1006 gms.
: AR - o Water - 1000 gms.
NeyCOz = 44/ ton.
- KON - 0,10 # / ton
208 0 - 0,05 % / ton
801 -~ 0405 3/ ton
'Time‘0f~grind; = '20minutes
Flotation
Cell - ; Ooncentrate - \
Added - ~ Kerofloat # 15 - 0.132 # / ton
Conditioned - 2 minutes :
Skimmed = 30 minutes
pH - g.e3

- A good,persistent froth of well-mineralized bubbles
was obtained,

Gold recovery = 88,3 %

1, Cyanidation~
k Time:of,Cyanidation - 481houré
Pulp Density’ ; - 311
Consumption - 7 Lime = 8.1 # /ton
o | | KN - 3,05 4 /ton
G91d~Régovery‘for Cyanidatipﬁ | - 61.3 %
- Overall gold récbvery = 54,0 %
Goncluéioﬁ. Results obﬁained indicﬁte thatktheVdecreased gold re—‘

covery would not’warrantkconcentration by flotation before

cyenidation.



TEST 27

s

:To*Make,A~Bﬁik Céhcentrate“forfa'Future;Gyanide Tests

Charge to Ball Mill  Ore = 1000 gms.
= o = . Water - 1000 gms.
NapCOz - - 44 / ton

KON - 010 # / ton -
o 4 Os ﬁ

3 208
801

1
(o]
.
Q0O

Pifis of Grind,k ; - 'éo,minuteS‘

Gell Concentrate

Added - Aerofloat # 15 0,132

Conditioned - 2 minutes

30 "

- Skimmed -

pH - 8.63

Concentrate ’67Qw0 grs.

E Tailings 355.2 grs.

10265.2 grs.

Gold Recovery = 89,0 %
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‘ . TEST: %%
, To'Iestkﬁhe Effect of Litharge on Cyanidation.
Cherge in Ball Mill . ore - 500 gms.
‘ . S Water - .= 500 .gms.
KCN . - 5 #:/%on of sols
' ,’ ‘ “Lime - = 15 # /ton of ore
S » V : L ‘ ~  Litharge = 1.5 /ton of ore
. Dime of Grindihgs - 20 minutes.
Time of Cyanidation = - =~ 48 hours
'VPulp Density ' . - 311
ConSumption ,
Lime - 9 64:#‘/~ton
CKON = 1.72 4 /’ton~"
kGoidee00very o - 5648 %
5 Cohelusiqn,k'

It is‘GVident that'litherge reduces’ cOnsiderably
/jthe 11me and cyanide consumptlon‘w1thout 1norea81ng the
gold recovery. The reagent consumptlon decrease is pro—
kbably due to the weak oxidation power of the litharge,
c.SheuldkafcyanldatiOn'plant,be erected, ‘the use of lith-
;karge to reduce the cOnéumptien of the lime andneyanide,k

~frem an econamical st&ndeint;‘should be considereds.
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TEST 29

To Test The Effect of L:Ltharge off Oyanldatlon us1ng

Less lee ’chan Test 24.

. Charge to Ball Mill =~ ‘ Ore =
, . ~ “  Water - 500 gms..
« Lime P 54 /%ton of ore
- KGN - 54 / ton of sole
Litharge . 1.5 # /. ton of ore
Time of Grinding - 20 minutes.
- Iime of Cyanidetion - 48 hours
Pulp Demsity =~ - 3:1
g Consumpti on , ;
Lime = ’:301\2‘#/ ton df*ore
KCI = 0.54# / ton of solubion
Gold l’i_écover"y: B - 54,6 % |
~Conclusions

The ,consumbt\ion of lime and cyanide was again lowered

through ’che use of 11tharge. The d{iff’erence in lime content

made llt’cle differencés

Ras



TEST 0. -

“
£

'To Roast the Ore in Presence of Lime and then Cyanide.

Roﬁétingb ef'v,k ; kfemperature' = B50° ngJ
Tiﬁe of roast - N 2 hours
'Ckhar:g:e‘ to furnace - 500 gms.
Wght.'affer‘roasting -. : 452¢8; o /
1L§QS in Wéight e ‘47¢2 gns .
‘jPerueentwless . 9.4°%

Lime added 54 /ton ore
The ore was dlscvpulveflzed to- -lOO mesh end the llme
added before roaSulng in a redu01ng atmosphere. Before oy~

: anldatlon the lxme was washed out and the . ore reground for lO

mlnutes in a ball mlll with 500 gms. of water,

nyanldatlon . nglme of Cyanldatlon 48hours,
| | Pulp density = = 5:l
Consumption Lime - = 10,5 # / ton ore ;
KON - = }5,7‘#=/’ton solution

" Gold Recovery - 56,9 %e
 00§01usion. | | |
Results obtalned again shOW'that roastlng before cyan—
1dat10n does not 1mprove recovery. It is 1nﬁerest1ng to note
’that roastlng in the presence of llme decreases the consumptlon

of both llme and cyanlde., Por comparatlve results consult

Test 25,
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o

- TEST 31,

To Roa st the Ore in Presence of More ‘Lime than Test 26 and

Then Cyanlde.

Réastingv’ |
’ Température‘ S f —5%50o Co
,Timekof Roast ;—TV : 2,hours‘
 ;Chérge't§ furﬁace e 500 gms.
TWeight after roast - 460_gms.
Loss in'wéigth , - 40 gms;
,Per‘cenﬁ‘loss T ’ ,5‘8;Ok%;
Lime’édded o —'::_ 25,0 # / ton ore

The ore was. dlSG pulverlzed to -106 mesh and the
llme added before roastlng in a reduclng atmosphere.
Before cyanldatlon the llme'was washed out and

the ore reground for 10 mlnutes in o ball mill w1th 500 gms.

water.
Lime of Cyanidation L 45 ﬁours
Pulp density. . R R %
~ NOTE. ~ Due to en acoident, the bottle was broken and the test

~ was not finished. -
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Ry R ~ TEST 32..

To Test the Effect of Bromooysnide on the Ore.

Charge to Ball Mi11 - Ore - 50O gms.
: : : - Water - - 500 gzms.

Grinding Time - 20 hinubes

‘Gyanidation | |
| Time~of"Gyaniding,;;f 48 hburs L
?%3%? Density .. = B:lk ‘ 
‘ Théybre7wﬁs cyaﬂidéd_fdf‘24 hbﬁfs with KéN and thenﬁ%bf
24“hqurs,more with BfCN and K6, “The 1at@erhw§s added afﬁer
- the SOlﬁtiénywaS‘reduced wiﬁh HgSQ4 until an eXceséfalkal—’

inity of 0.008 % 0a0 was reached.

Consumptione.
2 Lime = ‘Q I 5.88 # / ton ore ;

 BrCN - 1.26 # 7/ ton of solution

KN - . 5.0#/ ton ™ " :

Gold Recovery - 63,5 %

NOTE. >;Wheﬁ endkof’tQSt_was reached, there wes no BrCNpleft, This
| yffest was feruh,as Teét\SS.. x | e |
Conclusion,  |
| *Thekgold,recovery waS;slightly increaséd. ~This -is
;proﬁably‘due to‘thé;inchasédkiiﬁerati¢n~of free cyanide

~from the bromocyanide,
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. TEST 33,

| To Test the Bffeot of Oxidation.

Charge to Dall Mill. Ore = 500 gms.
e Water = 500 gms.

“Time df~Grinding‘ - 201minutes,f_

: After grinding, the‘water‘wés,filtered.off ahd the ore

left standing‘in‘a,moist‘édnditioﬁ for,5 dayss

‘Cyaﬁidation.

- Time of Cyanidation = = 48 hours

Pulp Density R - 31

Consumption, | |

Lime - 7¢64’#{/’£oh ore

KON - 4.07 # / ton of solution

Gold Recovery = 45,5 %
Goﬁclﬁsion,,
'ThekldW‘reéQverykin this test is probably due to
oxidation of one of the‘sulphides, and"theioxidfzed material

'coating‘the:gdld,,"" e -
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’ TEST 34,
To Tost The Bffect Of Fine Grinding,
Charge to Ball Mill ’, . . Ore - - BO0 gms.
B ] " Water = - = 500 gms.
Time of;Gfinding’ - 1 houf 30 minutes,
Gyahidation’
| Time of Gyénidaﬁion = 48 hours
Pulp Demsity - 5
Consumption. B
Lime -  20 # / ton of ore
KON - 9 4 / tou of solution
- Gold Recovery = 65.8 4 '
”ConcluSidn}

Flne grlndlng 1ncreased the gold recovery sllghtly,

,and the consumptlon of 11me and cyanide con51derably. Whlle {

the consumptlon might be lowered by the use of lltharge, it
is doubtful that the: 1ncreased recovery'would warrant the

extra cost of the glner grinding,
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TEST 38, -

To Test the Bffect of Bromocyanidé on the Ore,

NOTE.  This is’a‘fepeat of Test SZ,With‘hore careful~confrol

of exceSS'limé and BrCN.

Chérge to Ball Mill ;’ - Ore - 500 gmse
P : o REs Weber = 500 gmse.

Time of grinding = 20 minutes.

Cysnidation

3  TimQ:bfjcyanidaﬁion~WitthCN‘ - 44 hours

e ] & B 'Br0ﬁ1’~~~ 4 hours

Pulp Density - o kf"' - 3:1’ 

: ' First‘charge - Lime = 'ﬂ6 ‘,/’tonﬂQf ore .
E ECN - 53 / ton.of solution

~ Second Charge - KON - 54 / ton of solubion
BrCN. = 0.2 # / ton of solubién
 Consumption = = : S
: SR Lime = 5&4#/0wnofom'
KON. = 9.7 4/ ton # solutions
, BrCN -~ 0.234 /ton M M w
Gold Recovery ~ = 58,7 %
'}COnciusion; “ The use of brombcyanidefWould not raise the
recovery sufficiently to pay for the‘increased‘cost

~of reagénts-



sy | ‘ IEST 36

To test the effect of Cyanide (KON) on a eoncentrate without using
‘]7any lime o give pretective alkallnity. |

NOTE The concentrate from Test 23 was taken and 500 grams weighed out.

No further grinding was done.

CEANIDATION L
’Tiﬁe,oficyanidationﬁg 48 hrs.
| | PuipiDeﬁSity'§ 3§1 | |
“‘,CHARGE; B

k: Kcmtf‘ld#/tén‘of Qre

‘SEZEEV’,", Duriﬁg the,iun,\When samp133‘of ﬁhe sQlution weré takén for

|  aeterminat1on of the protective alkalinity and cyanide content, it
was. found thaﬁ’coiloidalyparticlgs turied the solution a light r
browﬁ color. This prevented accuraté'détermination’b&yfitraﬁidn

»‘due to the need for a colorless solution in the methods previously
described Consequently it was ascertained only that there was an
,excsss’of eyanide~and that thelsolution was alkalineqtf ~r

: At the end of the runffhe solution was sfill colored, so

after filtering, lime was added to the filtrate to flocculate the
“partieles and give & clear solution9 suitable for titrationo T%is'
. gave two residues, one containing the main bulk of;thguﬁailings and
no lime; the‘other thg‘finerfparticles; or slimes.

CONSUMPTION
‘ : KCN - 8,61 #/ton of solution :

PH at end of rin = 11,0
Gold Recovery - 61.4%

iOverall gold. recovery 54.6%



92
By E ~ TEST 36
CONCLUSION _
‘,3(;:‘ ; Results indicate that‘lime is not essential for

- the recovery of gold. From‘tésts made dﬁring the'run,.it
: fﬁwas ascertained that the pulp was algaline during ‘the en=-
‘tire period. ; 'I"he geld recovery ‘was the same as ‘the cor-

| responding test with lime while the cyanide consumption

was a trifle more.
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S IEST 37

- To Cyanide the dfe*énd f10a£-the'tailings,
Charge @é“Bail Miii ‘ f‘ ore @’500 grs
| ‘ ‘ water - 500 grs
: Time of Grinding =20 minutes

;cYAi\miTIQNf

: jTime of Cyanidation - 48 hours
Pulp Density 515:1~
Additions““' - -~Lime .lO# /ton'of ore

‘KCN \ 10# /ton of ore
rConsumptidﬁ‘ - Lime - 9 32# / ton of ore‘
KON - 7.91#/ ton of solution

G-01d Recyovery a';sgi,k,‘o% L o i

FLOTATION
No concentrate was taken. When the tailings were
'transferred to a 500 gram machine and the reagents added it was

_found that a dirty froth of small bubbles was formed.
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. IEST 38

. | .
To Grind Extra Fine end Cyanide for forty eight (48)Hours.,

Charge tQ Ball Mill .  Ore = 200 grs
| Water = 200 grs
Tinme of grinding = 3 hours,
Time of Cyanidation = 48 hours k

: Pulp Density R ,‘ﬁ5:1,

paded - Lime - 20f /ton ove
s YKQN °~:10# /ton ofe
This test was agitated for 12 hours before any reagents were
dded and the PH was foand to be 10,03, . ’
M GonSumptien -Lime —,i19,85# /ton,ore
/ | ( KGN ,'- 9. 75# /ton solution

' Gold Recovery - 2.7

CQNCEUSION ,
| The gold recovery was 1ncreased approximately 15% by the
flner grinding. Should the cyanldation method of treatment be ueed
it mnst be decided whether the increased cost of grinding weuld be :

warranted by the increase in the recevery of g@ld.,
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By | | TEST TEST: 39 o o o
"To Grind Extra Fine and Cyanide for Ninety Six (96) hours,
Gharge %o Ball Mill : = Ore 200 grs

water 200 grs

' Time of Grinding - 3 hours.

GIANIDATION | |
Time of Cyanidation - 96 houré
'kaulp Density 5:1
:  Addédj Lime ~~30# /ton,of ore.
KON - 184 /ton of solution
Consumption - Lime - 29, 70# /ton ore
KON - 14.70# /ton of solution

Goid;ﬁecOVery < 7.4

iCQNCLUSION? 

| The“reSults 1ﬁ&icateafthat ah iﬁerease in time of
contact between the cyanide and gold is not necessary, as the
gold recovery wee the same for both periods, The lime and~cyanide

consumption is also greatly‘increased.
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ROASTING
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ROASTING

Lew teﬁperature roasting tests ‘were made in an attempt
jto drive eff a part of the sulphur and expose the ore more completely,r
to the ‘action of cyanide. The conclusions reached however,were that
roasting had no effect upon the final gold recovery and that the conny
sumption of lime and cyanide was increased considerably. |
METHODS: | |

500 grs of‘ore were taken and ground in = diecopulverizer
~eto paes a 100 mesh screen. They were put into a small oven with &
efpiece of charcoal o form a reducing atmosphere, and the front plugged'
with fire clay. Flnally the oven was. placed in an electric furnaee
which had been heated to ‘the required tempereture end left in it for
a specified time. At the end of run the charge was weighed te deter=-

‘mlne~the loss. See Tests 25 30,
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BLANKET  GONCENTRATION



BLANKET CONCENTRATION

The results of this testrconfirmed the cohelueions
: previously reached thet a satisfactory blanket concentrate could
5not be mede. The grade of the product was the same - as that of the
emill feed =~ O, 44 oz /ton, go it was obvious that the gold recovery
:depended entirely upon the bulk

The blanket covered the bottom of & rectangular trough
set at an angle of 15~20 from the horizontal. The ore, previouslyf
:diluted to a pulp density of 8 1 was added at the tOp.v A continn
uous spray of water washed the ore down the slope.

For results, see teste #15 and 16.
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ASSAY METHODS
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o,  ASSAY METHODS

GOLD AND SILVER':

3

/:lk The gold and silver content of the ore was determined by
the niter method. The majority of the gold assays for the various,
‘products was TUn by the standard nails method, which was checked and
found to be sufficiently accurate for the purpose, Silverfdetermina—
tions were not made for any of the tests. |

'COPPER'

Several methods of analysis were tried at first but a
'satisfaetory end point in titration could not be obtained. This was
~probably due to the arsenic which had not been entirely eliminated.’
Finally the method of precipitation of the minerals ‘as sulphldes by
: hydrogen sulphide gas wWes tried. Although & long analysis it was

aecurate, and consequently was adopted for all future copper assays.,
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.;v,

: l 0 grs of ore in copper flask

5, grs sodium sulphate

10 cc. HéSO

Fuse thoroughly until mass is a light yellow color.
Cool suffieiently to add 30—40 ec. water.

5 drops HGlo

nHeat at near boiling or boiling temp. for half hour

'Filter - Ppt. = Pb,

Filt - Fe, Cu, Sb As.

Dilute to: SOO cc. and warmm Pass 1n st gas until all sulphides are

ppted. and solution clear.

Filter - Ppt. = Cu, As, Sb, Pb Sn.

Filt - Fe.

"Return ppt to same beaker washing paper with Cone., sodium polyn

sulphide solution,

Digest at temp. below boiling until soln. clear and dark ppt. coagulates‘

CFilter Ppt. § Cu, Pb.

Filt.- As, b, Sn.

'Return ppts to same beaker washlng with water, “then hot 1: 1 HNO

,then Bromlne w&ter,

Add 5 ec. ‘conec. H Soé,to ppt. lead..

2
Bakeo :
Add water and filter out leéd,'
5 ce. HNO, and evaporate nearly to dryness.

Make just alkaline with 1:1 NH4 QH. Boil to expell excess.
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CUPPER (Continued)
Just ecidify with Acetic Acid,
Goofthorﬁughlyo
2 grs. KI and let stand 5 minutes,

Titrate with sodium thiesulphate using soluble starch s0ln. ag

indicator.
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”IRON - Dichromate method for Sulphides.~
'Take 0.5 grs. into 250 cc., beaker.‘

"10 ce. water and 15 cc. HNOg

R Warm till red fumes all driven Off.

15 cc, HOL and warm. |

 1‘0 cc. Ghlg\rate m‘i;;ture! and warm
10 ce.  17:1~sz sioy4 |

:Fumefnearly tquryness;f*”

" Cool and ;{add 25 ce. water

5 cc.‘[ﬁcl - boil | e |

While ,:“sti‘]\.l hot, add sn o1, drop by d‘rpp: untii'yé'l‘ldW‘ color aisappears

‘and;add‘l dropiiﬁ:excéss, ' k

;coél 'quiéykly and add about 15 ce. Hg o1,

Titrate ‘with Potassium.dichromate using potaséium Ferrlcyanide ag
';1ndlcator.‘ Use white plate. End point reached when blue in. drops
':dlsappears; | |

‘  Réagents; | |

| 'stannous fchioﬁde % relkd cc. in 600 ,cé, HC1,

’Mércuric éhlqridéfekséturatsd solution
Pd%aésium ferricyanidé = small crystal in 50 ece, ﬁafer ‘

. Potassium dichromate = To Standardiie - weigh up 0.7 grs

| k ferrous ammonium Sulphate,'acidify ﬁith HOL,

1 drop of Sn Clz, excess Hg Cl, end titrate. -
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Taks z;5 grs of ore

40 cc.. water and 10 ce. nitric chlorafe.

V'Heat t; dryness overnight

k5~6 grs Naz CO3 and 25 ce. water.

‘,Boil~10 mlnutesﬁ dilute t@ 100 cc. and boil,

Filter through No. 1 Whatman paper. Wash tWiée with ho % water.l
‘_Ppto -~ Fe and other 1mpurities.k N H

,Fi:lt-eNag 0,

20 cc;‘Hcl\to*ppt,

‘ Add excess Na GO untll get furﬁher ppt. Then 25 ee, water,

s Boil 10 minutes, dilute to 100 ec. and boil

Filter. Add this flltrate g ro) first ‘Ond,
| Neutralize combined flltrates with: HGl add 2 or 3 cc. excess, boil.
Add hot Ba 012 and boil until Ba SO4 ppts.

b Filter, ignite and weigh as Ba SO4

Wt. of Ba.SO4 x O, 1375
Wt of sample

100 = % Sulphur,

~High sulphlde ore and concentrates are usually taken ‘down

slowly or overnight with the chlorate mixture.
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ARSENIC -~ Distillation Method
; %his method was‘found to‘be more accurate then that of fusion
' before dis%illatlon. ‘The error is probably due to the volatilization
of some of the arsenic,

Take O.SIgrs. ore iq‘lOQ cc.:beaker '

'~~25‘ce.‘water;gl0 ec: cﬁlorate mixﬁure,’digest.

10 co. of 1:1 HyS0, - to funes overnight

Put in distillation flask add some brick grape nuts, 3 grs. Ferrous
Chloride or Cuprous Chlorlde, 2 grs. Ferric Chloride, 90 cc. HCl.

“ Receive in 400 ec. beaker containing 100 cc. water

Distill until bumping. (at 120° for half hour)

‘i Neutralize with NH@QH.

Just acid with'HCl. CoOl.

\Make alkaline with Na H003 S

T Add starch and titrate w1th Iodine Solv..

\REAGENTS

Iodine - 50 grs. KI in 75 ce, water.. Add 25.5 grs. of I,

. erystals and leave in warm place untll all in solution. Dilutefte 2 litres.

To standardize - Put 0,99 grs. Asg 0, in a 400 cc. beaker with
| NaOH and soms water. Just acidify with HCL.
Dilﬁte,tO‘BOO ce. and cool. Make alkaline

with NaHCO

ze Add starch and titrate.
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2 Gysnide in Pulp.

<,Take 25 c.c;,of pulp
- Fllter to ¢lear
:Addfseveral~drops_of_5% KI_séiﬁficn
‘Titrate with’Silver fNitrate soldtion B
 ~ Ag: soon as yellow1sh ppt. 1s Just permansnt when‘viewed agalnst

‘~black backvround the end point is reached.

‘—Iiméfin;rulp;.

,Téke above solution and add a few drOps of Phenolphthaleln

*T1trate agalnst Oxallc acld untll red color dlsappears.
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