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SOURCES OF INFORMAL I0N.

In the original unpublished work submitied herewitnh,
the experimental information has been obtainec in the coyrse of
original investijations carried out in the Netallurgical
Laboratory of the Schocl of kines of “estern ‘ustralla, Kal.oorlie.

| speecific reference has been made Lo published sources of

information which have been made use of during this work.

4 bibliography of bromocyanidation is also allached Lo
the work on that subject.

A brief description of the methods of analysis adopted

has been included in theform of an appendix.

R A Mrora,,

Sechool of wines of W. A.,

Kalgocrlie, 6th liovember, 1930.
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In the investigation, of which this Thesis furnishes a
delailed account, an endeavour has been made to determine the
operat conditlions under which cyasnogen bromide may be suceessfully
applied the cyanidation of gold ores.

As an inilroductlon and in order to show whal has previously
been done in this direction, a rosume of the literature of bromo-
eyanidation has been included, in which opinions regarding the
chemical action of eyanogen bromide and the salient features of the
practice of Lrocoeysnidation during the period irow 1£95 until the
ﬁ:.o““ was superseded by the all-roasting and eyanidalion process

ve been reviewed for the purpose of showing the uncertainty that

- existed, not only us regards correct operating conditions, but also

@8 re_ards lhe chemical behaviour of gyanogen browmide in assisting in

the solution of gold in gyunide solutions when dealin; with refractory
ores. i

The experimental work deseribec in this Thesis has been
econducted for the purpose of ascertaining, if possible, the conditions
necessary for successful bromogyanidation, the causes of failure, and
a means by which the diffieulties of tLreatment by this method may be
OVEergo.E.

Ab the same Liluc, nb attempt has been made Lo establish
definitely the actual chemieal behaviour of eyanogen bromide, but
extracls from the literalure of Lhe subjecl hag ~ve been made in order
to show the uncertainty that existed among advdcates and opponents
of Lhe process re_ arding the chemical prineiples involved. In
quoting from the lileralure of the subject, most of whieh was wrilten
and 1 ished in the early days of the process = 1895 to 1510 -
opinions reygarding the chemistry of bromogyanidation have been Led
as stated in the published papers by the adherents of the iwo difierent
opinions reyarding the action of cyanogen bromide.

Although at lhe present time it is consicdered that any
substance which will absorl one electron from each atom of gold,
Luereby enabling ithe gold to pass into solution in the cyanide solution,
is un oxidising agent, it must Le remembered that thirty five yeurs
450 no such conception exisled and that any subslance whieh acted as
an oxldising agent was considered Lo do s0 by supplying oxyuen, either
direclly by its own Jdecomposition or indirectly, by some series of
reactions. ‘herefore Lhe discussion duriyy the period mentioned
on the guestion of whelher or not eyanogen bromide acted as an
oxidising agent had for its cbjeet the demonstralion of the possibility
or impouiﬁlit.y of cyunogen bromide supplying the oxygen known to be
necessary for solution of the jold, by some series of reactions taking
place wilthin the solution and in whieh qyanogen bromide played an
dmportant part. ihose who favoured the hypothesis that eyanogen
broulde acted as an oxidising sgent endeavoured to show by means of
eéqualions, probable or iuprobable, that by a series of reactions
taking place in the mixed gyanide and oyanogen bromide solution, the
oxygen necessary for solulion of the gold, as stated in Hlsner's
equation, was produced and that the increased solveni effect duc to
the use of qyanogen broside was due Lo the fact that this oxygen was
present in the solution in the nascent state. On the other hand,
those who opposed the oxidising hypothesis eudeavoured Lo show that
oxygen could not be produced whe:n gyanogen Lromide was present in the
solution and even wenl so far as té insist and endeavour to
demonstrale Lhal Lhe presence of oxyzen in the solulion was a
disadvantage. '

AL the tlue that these opinions were foriulated physical
ohemistry was in iils inlfancy and the broad use of the term oxidation
whigh is today accepled had not cowe into Vo ue. Conseguently, the
early investi_ ators who endeavoured Lo make Lhe best use of the
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chemical tools at their disposal should be judied rather by the
standards of their own time than by those of the present day.

In the lignt of present day knowledge there is no nged for
speculation re arding the oxidising or non—-oxidising action of
oy en browide in the cyanidayion of gold ores, for it is now
possible to affirm that it aclts as an oxidising agent by absorbing
one electron from each alow of gold and that 1t is imnaterial whether
oi' not oxygen is produced during Lhe geries of reactiocns that lake
place.

iience, .rom the aspect of the application of the process
to the eyanidation of refractory gold ores, it is luportant to
determine whether cyanogen bromide can be successfully applied and,
if so, whether that applicallion can be wade o comnercial success.
That this can be done has been shown by the experimental work
described in this lnesis, bul stress must be laid on the lact that
this investi ation has been carried out for the most part on the
sulpho-telluride ores of Kalgoorlie. OLher reiractory ores have been
tested similarly, although Lo a less exteni but the refractory
arsenical ores of “iluna have nol been foun3 to be amenable to this
method of Lrealment. It has been shown that in Lhe Kalgoorlie ores
the gold is preseunl in Lwo distinet forms, viz., that which 1s free
or in assoeliation with the pyrite and whioh is readlly dissolved by
plain gyanide solutiion, and that whigh is present in combination with
tellurium and whioh is not readily soluble in plain gyanide solubtion
bubt is soluble in the mixed oyanide and cyanogen bromide solution.
In consequence of Lhese lwo conditions of occurrence of the gold in
these ores it has been found possible by flotation to segre ale Lhc
two forms in Lwoe distinet producots, one of which is amenable Lo
trealment by cyanide solution alone and the other only to a mixed
eyanide and cya ogen broamide solutlion. ‘



LHE APPLICATION OF CYANGGEN BROMIDE
I

THE CYANIDAT ION OF GOLL OHES.

In the ogyanidation of gold (and silver) ores, it has
come Lo be accepted u?t Elsner's equation expresses the solvent
acbion of dilule solutions of ull&li or alkaline earth cyanices
on gold (and silveyr) . , L

4hu + BETNM 03 + 2HoO = 4ihu(@), + 4KOH
According to this view, Lhe sogvent, aclion of Lhe qyanide solution
is dependent on the presence of free oxygen in the solution in
contacl with Lhe ore. This oxygen may be supplied, as is
generally the case, from the atmosphere
(a) in the form of oxygen dissolved by the solution from the
alr b, simple conlact with the air or by aeration of the
solution during its flew along pipes and launders;
(b) by agitation of the ore and soluiion with gompressed air
80 that o continuous supply of oxygen is introduced during
the period of eoutact of the ore with the gyanicde solutionj
(e} by reason of the air which occuples the interstitial spaces
between Lhe pariicles of ore when at rest, as in the case
of leaching by pereolation;
or, by the introduction into the solution in contact with the ore
or by mjx:l&, with Lhe ore iteelf certaln oxidis agents, Lhe
objecl of %hieh 1is to supply, by their decomposition, a continuous
supply of oxy,en at Lhe points of actual contact of the gold
partieles wilh the ¢yusnide soluticn. 70 this class of substances
belong sodium peroxide, potassium permanganate, potassium
dichrouate, bleaching powler, and certain other less comuon
oxidising agents which have, in some cases, proved more or less
efficient, L which have never received any extended use, lience,
in the gyanication of ores which are capable of yielding an economic
and comnercial extraction by the solvent action of solutions of
eyanides, it has been Lhe usual practice Lo depend on the atuosphere
for the necessary supply of oxygen.

In the trealment of many ores, particularly ores
eontaining pyrite and marcasite, FeS;, arsenical pyriles, reiss,
and tellurides and sulpho-tellurides of gold and siiver, these
methods of linereasing the rate of solution of the gold have been
but partially successful and as a resullt the extraction of the gold
from the ore has nol only beernr slow but has not been suffieciently
great Lo render the trealment of these sU-called refractory ores
couuercially successful. In order to overcome the difficulty of
treatuent of such ores nw erous wethods of accelerating the solvent
.action of Lhe cyanide solution on the gold have been applied by
making use of cheanlcal substances whieh, while not of theuselves
solvents of gold, act as accelerators by virtue of the chewical
reactions thal take place between Lhese substances and the eyanides.
Of these accelerators, those which have received most application
and have been used to Lhe greatest extent have been Lhe halides of

;en, eyanogen chloride, CICl, qyanogen browide, d.0r, and cyan—
ogen lodide, U'l, Lhe use of the second of which nas in ceriain
gases been shown (¢ result in a mueh increased rate of solution of
the ;old and percentage extracltion in a given tiue. Although the
ap;:ﬂcat.ion of @yanogen chloride and 1odfde has been suy ested, it
has been found that, both in the laboratory and in the treatment
plant, there are many difficulties atiending their use, caused
partly by the properties of Lhese cowpounds rencering them
unsuitable for this purpose and by the ex;ense of produeing these
reagents on a comu.ercial scale. Consequently, wosl atiention
has been paid to ihe application of gyanogen bromide to Lhis purpose,
Lhis compound beiny cheaply producible on the scale necessary for
its comiercial application and being relatively stable uncer the
conditions of treatment usually oblaining in a gold or silver
eyanide plant. ‘he exact aclion of Lhese cyanogen halides in
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promoting the dissolution of the gold has not been conclusively
pro\re?i)bimrg being two wain 'n:{gotheaaa, Vize.,

: Lhe ;én hallides Lake Lthe place of the oxyzen
wﬁgoh ga S;gﬁﬁg ered necessary if lil‘anegqs ecmtio:y?s-
held Lo express eorrectly the solvent action of qyanide
solutions under ordinary conditions of treatment ;
agcording Lo this view, the presence of oxygen during
treatment is unnecessary and, in fact, deleterious when
eyanogen halides are used;

(1i1) that the action of Lhe ayanogen halides is in reality
@ n oxidlising actlon dbrou_ht about by Lhe production of
"nascent” oxygen by the decomposition of the eyanogzen halides
by hydrolysis or by hydrolysis in conjunction with a
decomposition laking place between the alkali eyanide and
the ayanogen halide; according to this view the oxyzen is
produced in an active state at the points where its
presence 1s most necessary, viz., the points of contact
of the solution with the partieles of ore.

Argucent s, ap arently quite Justifiasble, have been
adcuced by each scliool of thought to prove the correctness of its
particular view, bul the evidence put ferward has been comparatively
meagre and 1L is difficult Lo come to 2 definite conclusion as to
which hypothesis is the more nearly correct. A search of the
literalure of ihe process has brou_ht to lijht a eonsiderable
awount of iuformation but the chemleal action of the ayanogen
bPomice us an acceleralor of solution of gold by eyanides still
remalns undecided, while the details of the practiecal application
of the jrocess that huve been published are very scanty and not
particuiarly enlightening. Unfortunately, at Kalgocrlie, where
the proeess has been uost extensively employed, a policy of secrecy
appears Lo have been adopted by the officers in charge of plants
u , Lhe process, so that only the most weagre information is

avallable re_arding the practiece on the field where mosl information
should have Leen avallable,

Of the various attempls to make use of the solvent action
of the halo_ens in conjunction with alkali or alkaline earth
eyanides, the only process for which any measure of success can be
¢lalumed is thal of Sulman and Teed (W. A. “atent 601 of 1594) in
which oyanogen bromide and polassium cyanide constituted the
solvent solution. Frevious attempts had Leen made Lo use qyanogen
bromice as a solvent for jold but these do not eall for speecial
notice, since ceyano en bromide alone is not = solvent for gold.
it remalced for Sulman and Teed to demonsirate that a solution
containing potassium eyznide and cyanogen bromide had u mueh more
rapid solvent action on the gold contained in ores containing
wetallie sulphides and tellurides and also in ores containing no
auriierous refractory minerals than had s solution of ayanide alone.

Although gyanogen bromide was at one time in use on a
comparatively lar_e ‘scale in the treatment of the sulpho-telluride
ores of Kalgoorlie, and with considerable success, the process has
during the last few years lfallen into disuse, or rather, the mills
which formerly used the process have now all ceased operations or
have remodel . ed their treatuent plants and have adopted in lieu of
the "bromocyanide" procest a dry-crushirg, all-roasting process in
which plain cyunide solution is used. In the early days of the
Kalgoorlie field, roastlig of these ores apparently presented
considerable difficuity, but, as these difficulties have sinee
been overcome, the Lendengy has been more and more Lowards Lhe use
of the all-roasting process in pre.erence Lo the "bromogyanide” process.
sdherents of the all-roastirg process claim that it gives higher
recoveries than the "bromoeyanide” process but to the writer it
secs doubtful whetlier this is so or vhether the cost of lreatment
by the foruer is less than by the laiier process. +h€ ' brouwocyanide
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+HE LITERATURE OF BROMOCYANIDATICN.

Iuring the course of the investi_ation into the api.lication
of cyanogen bromide to the gyanidation of the sulpho-telluride ores
of Falgoorlie, of whieh this Thesis constitutes a detailed account,
it was necessary Lo make a search of the wmetallurgical lilerature of
the subject in order Lo ascerlaih the extent to which treatment
eonditions had been determined and the state of knowledye of the
chemical principles of Lhe process.

Although the delermination of the Lreatment conditions
necessary for successful application of ceyanogen brouide has been Lhe
primary object of this Investijation and therefore constitutes the
main portion of thls Thesls, a review of the literature of the subjeot
has ualso Deen included for the purpose of showing the extent of the
knowledge of the process and its prineiples at the time it was in
actual operation a t Falgoorlie.

Consequently, the Tuesis falls into two distinet secticns
Sa) A review of the literalure of the subjeot,
\b) An account of the metallurgical investisation conducted to
delermine operaling conditions necessary for success, and
the conclusions to be drawn thereirou.

48 Jection (a) has been introduced purely for Lhe purpose
of showing lhe stule of knowledge of Llhe process, it has been
considere. Lo Le of secondary luwportance in its relationship to the
major portion of the work, viz., thai included in Seetion (b).

In this invesii_ation, determination of treatment eonditions
necessary for success has been the primary objeet and therefore no
attempt has been made to investi_ale the cheuwislry of the process.
Conseguently, the existing litersture of the subject, whiaeh, having
been published néarly Lhiriy five years ajo, naturally does not take
cognisance of modern conceptions of physical chemistry, has not been
eritically examined.
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process has the advanitage that it is entirely a wet treatment
process in which no dust is produced, crushing and <rindin: are
cheaper and the plant necessary 1s smaller and less complicated
on account of the elimination of roast ing. Iu the reasting
process the whole of the ore is sub jecped to this operation, . .
whereas Lhe ore contains only 5 to & per cent. of pyrite, the only
mineral requiring roasting before cyanlidation, and therefore
enormous quant.iﬁes ol expensive fuel are usec in raising Lhe
remalnder of the ore to the Lemperature necessary for oxidation
of the sulphice mineral. opPart irow Lhe dif. erence in the
welhod of crushing, the main dif.erence in the method of

Lreatment is in the use of eyanogen bromide instead of the
roasting operation and therefore, if Lhe two Processes yield Lhe
Same extraecllon the importani laglors in comparing the two
Progesses are the cost of eyanogen broaide as compared with the
cost of roasting. The foruer costs up to two shillings and

8ix pence per ton of ore, whereas it is extremely doubtful wheiher
the cost of roasting has ever been reducecd to this awount.
{herefore, other thigs being equal, the "bromocyanice” rrogess
has the advanta e of requiring a less expensive plant, since
roasting is entirely avoided, and therefore the capital
¢xpenditure on plant is amueh smallier in the case of the
"bromoeyanide"” process. In addition, the dry treatuent process
produces a large uantity of dust which is objectionable, not only
Irom a hyglenie point of view, bul also on aecount of Lhe increased
wear and tear on the machinery of the treatment plant. furiher,
for the dry treatment process, the percentage of moisture in the
ore supplied Lo the dry-crusning mills sust be kept as low as
possible to avoid clogging of will sereens, and thls in turn limits
Lne use of water for dust prevention during mining operations; on
the other hand, for - wet treatment process, such as the
"brouwocyanicde” Process, no such restrietion of the use of waler
uncerground ls necessary. lence it is apparent that if the wet
lrealment process can compele with the dry treatwent Process as
e, ards percentage recovery sad costs, all other considerations
will be in lavour of the rormer process.

LESUME OF THE LITERATURE OF DRONO CYANI1DAT ION.

He L. Sulman in 1895 presmnted a paper before tLhe
Institution of wining and Metallurgy on the Sufl.lm.n-"eed process

in which he secks to explain the accelerating action of cyanogen
bromide and also gives éxamples of the commercisl application of

the process to the treatment of sulphide ores from whigh, hitherto,
salisfactorily high percentage extractions had been unattlainable hy
ordinary methdds of qyanide treatment. At that time the gyunide
process had not long been introduced and although the Mac*Arthur—
Forrest patent specifications were very couplete, comparatively
little inforuwsaiion was availsble regarding the applicebility of this
method of treatment to coiplex ores, i.e., to ores containing
metallle sulphides and sludllar minerals. At that time it was
considered that the dacirthur-Forrest process was not applicable

to rich pyritic ores and concentrates, whereas at the present tiue
the process has been so developed that the number of classes of ore
which can not be Successfully treated by direel oyanidation is

very small. It is, of course, understood that the eysnide process
ean noL successfully supplant the amal amation process for the
recovery of "coarge  gold, the solution of which by gyanide solutions
is too slow to be economically praecticable,

4ecording to Sulman, the treatment of suiphide ores by
eyanidation, using atmospheric oxyzen as the source of supply of the
n:cessar,y OXygen possesses Ltwo distinet and luportant disadvanta,es,
ViZe,
(1) during treatment, oxidation of iron and other base metal
sulphides takes place and the products of this oxidation



(4)

rapidly destroy simple gyanides;

(ii) potassiuw hydroxide is produced in the dissolving reaction,
whigh reacts with sulphides of iron, cop er, arseniec,
anbtimony, etce., Lo form alkaline sulphides which ar
powerful cyanicides. '
Sulman cladins that the Sulman-Tecd process, using cyanogen bromide
in eonjunetion with potassium ceyanide gives rapld and successful
- extractions from refr,ctory ores such as Lhose containing sulphides
of copper, arseniec, and antisony, to which the ordinary cyanide
process is inapplicable. He ascribes the resulis oblained by the
use of the Sulwman-Teed process mainly Lo an encrmously increased
solvent action because of the presence of "potential” or"available"
gyanogen which will combine with gold to form the aurocus cyanide
necgessary for the formalion of potassium aurogyanide and the
avoidance of the production of potassium hydroxide which assists in
the production of c¢yanieides by forming soluble base metal hydroxides
and alkaline sulphides, all of which are rapid destroyers of gyanide.
{liere sulman evidently refers partiocularly to the foruation of ferrous
hydroxide which reacts with potassiuc c;{anide, forming potassium '
ferrogyanide, i.e., he apparently uses 'soluble" Lo refer to the
fact that these base metal hydroxides are soluble in solutions of
potassium cyanide.) He asserts that, if cehlorine or other halogen
is used in counjunction with gyanide, the solvent reaction is expressed
by the equation 4KQ + 2au + Clp > 2KAu(Qi)y + 2KCL , in whieh case
the halogen does not act as an oxidising agent, no hydrolysis takes
place, and no extraneous addition is necessarye. If, however, Lhe
halogen is used in the forw of a cyanogen halide, the whole of the
cyano.en, both of Lhe polassium oyauide and of the cyanogen halide,
goes Lo the production of soluble potassium auroeyanide, and that for
the same quantity of pold converted to the soluble form, the expend-
iture of halogen is only half of that used in the foruer case. He
expresces Lhe action of the c¢yanogen halide by means of the egualion
GICL + 3KCN + 2aa =2kAa(Qi)s + KC
Similar reactions, of course, arc¢ c¢laimed for the other halicdes of
eyanogen, sueh as cyanogen bromide, (VBr, and coyanogen iodide, QONl.
Sulman states, as the result of experiment, that the rate of solution
of particles of free gold in an equally fine state of subdivision is
over one hundred tiwmes as rapid with cgyanogen chloride and polassium
eyanide as wilh potassium cyanide alone. Hle goes on to say that in
the aprlication of the ordinary cyanide process it is essential Lhat
a supply of oxygen be provided, either in the form of dissolved
oxygen or in the form of some oxidising a_ent which, however, tLends
to oxidise base metal sulphides, producing compounds which decompose
eyanide and so impalr the eflliciencey of the cyanide solution. Among
the compounds forwmed in this way are soluble alkaline sulphides, the
duleterious action of whieh was recognised by LacArthur who, with
Ellis, patented tLhe use of lead salls for the purpose of rendering
. Lthese gyanicides inmgcuous by precipitating them as lead sulphide,
whiech is itself nol harmful. Gyanicgides are thus generated at the
point where solution of the yold Lakes place, and, as many of ihese
eyanicides are readily oxidisable, they coabine with the oxygen
necessary for dissolution of the gold, Sulzan states that simple
chlorination or brominution of cyanide solution will produce Lhe
agcelerator cyanogen chloride or gyanogen bromide
EQ¥ *+ Qo = KC1 + GNQA '
but excess of KCGI must be present Lo give the proportion required by
CHCl + 3KON + 2au > 2Kau(Ql), + KCl.

The addition of the purc qyuno.en halide to a ¢yanide solution gives
& better solvent for this reason than is obtained by adding the haloger
Lo the ordinary cyanide solulion. ¥hile specifically stating that
cyanogen halides are not, per se, solvents of gold, Sulman declares
that if eyanoygen bromide is adied in definite proportion to a selution
of potassium cyanide, no cdhaige takes place in the nalure of the
compounds present and the solution remains stable indefinitely.

ihis does not appear to be the case with working solutions
as ordinarily prepared, since a mixed solution of potassium gyanlde
and gyanogen bromide loses stren,th, both in ceyanide and in qyanogen
bromide on standing either in closed or in
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open vessels or when exposed te the light or when kept in the dark.

Cyanogen chloride and cyanogen iodide are both unsuitable £
for practical use, the former on account of its physiecal gropart.iu,
the most important of whiech is its low boiling peint ( 16°C. ) and
the latter on agcount of the high cost of its production, although
it was made usedef some years aso in eonjunction with caleium
cyanamide by Clancy. In addition, cyanogen chloride, which on
account of the cheapmess of the chlorine necessary for its pro-
duction, is Lhe cheapest of the cyanocen halides to produce, is
much less efficient as an accelerator than cyanogen bromide; in
facl, some experimenis have shown that solutions of eyanogen
chloride and potassium gyanide under certain conditions are less
efficient sclvents of gold than potassium gyanide alone (Stevens
and Blackett, Trans. Inst. Min. & Met., 1919). Consequently,
eyanogen bromide whose use is not attended with any of the
difficulties encountered when using the other halides, has been
the compound generally used.

Ab the time of the presentation of Sulman's paper it
was apparently proposed to use the improved method of solution
with potassium cyanide and cyanogen bromide in the treatment of
auriferous material by percolation, since at that time sabisfactory
methods had not been devised for the cyanidation of slime which,
when produced in moderste cuantity during the erushing of the ore
was mixed with the sand for leaching, and when produced in
guant':n.ies too great for this method of treatment, was separated

rom the sand and reserved for subsequent tLreatment. In the
treatment of the sand or sand and sline by percolation, the planmt
proposed was sludlar to thet used in the ordinary cyanide process

and cyanogen bromide was to be added to the selution
storage tank in quantﬁ not exeeeding one molecule of en
bromide to three molecules of potassium gyanide, as re by

Sulman’s ecuation, or, prectically, one part of eyanogen bromide
to two parts of potassium cyanide, by weight. This proportion
was stated to be a maximum because e in the Lreatment process
it is not necessary nor desirable to use up the whole of the
potassiun eyanide in the dissolving reaction.

Il was staled that there was a maximum strensth of
leaching solution and that if a concentraiion of 0.6 per cente KGN
and O3 per cent. (Br, which is never necessary in practice, is
exceeded, there is a tendeney Lowards decomposition of the cyanide
and cyanogen bromide with the formation of inactive, brown
paracyanogen, (QN)3 _

JEQT + 3QIBr >3KBr + 2(Ci)a.
Apparently, the more dilute the liguor, the g;eater its stability.

in quoted cases of laboralory applicab ion of the process
to the trealment oi complex ores and pyritic concentrates, twenty
four hours' treatment was usually safficient and in every case
forty eizht hours' treatment showed tne waximun extraction possible.
Sulman quotes the resulis of a mumber of laboratory tests on ores
and coneentrates, as follows :-
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Time of  |Veuthod of |Extraetion
Ore KQi |QiBr |treatment |trcatment per cente.
7 7 hours
Tailings Oe2 |0.12 [over night|ercolation 81
Pyritic Concentrate|0.5 [0.25 15 N 91
Pyritie Concentrate 0.5 |0.25 9 ) 06
Arsenical Pyrites (0.3 [0.12 0.5 Agitation 74
Codlgardie Ore 0.3 0.125 15 Percolation 84. 1
Pyritie Ore 0«2 [0.08 12 = 96
Coclgardie Ore 0e3 |0.18 15 R 96
Pyritie 'Iaili%s 0.45 0.2 24 5 . o3
Coarse Tallings O«1 [0.05 19 . 0
contg. FeSy & PbS
Copper—ant imony 0.5 [0.25 15 - 95«7
Concentrate

Sulman and Teed make only one reference to limitation of
the use of akkali when, in a brief description of their method of
treatment, they state that soluble gyanicides are removed by a water
wash and basie salts by treatment with alkali, before eyanide treat-
ment , and that they avoid the use of excess of alkali which retards
leaching. It will be shown later that the limitation of ihe

uantity of alkali, either when giving a preliminary wash or during
t%e-treatmant with oyasnide :nd gyanogen bromide is one of the most

lmportant features of the process on account of Lhe rapid decomposing

eifect of alkalies on gyanogen bromide.

in the discussion which ensued on Sulman's paperg, the
prineipal (oint atl issue seems Lo have been whether Lhe action of
cyanogen bromide cculd or could not be considered Lo be an oxidising
action. Sulman and Teed insisted that the action of eyanogen

bromide was not an oxidising action, and, in fact, Sulman recomuended

that during the leachling operation air should be exeluded, so far as
ossible, by ogovering the ore so as Lo prevent currents of air

eoming into edntact with the ore. Bertram Flount declared that

the aetion of cyanogen bromide is an oxidising action and thaty
the function of the bromine is "to provide a negative element to
coubine with the potassiuw whiech would.otherwise go frees”". llence,
he says, it acts in the sane way as oxygen in the ordinary process.
Fo Le Teed, joint invenitor with Sulman of the process, in uphelding
the non—-oxidising action hypothesis, jjave as the action of the
gyanogen hallides - i

JKQU + CNC1 + 2Au-=2Kma () + KA
in which oxygen plays no part; in contrast to this reaction he put
forward an eguaticn

KQU + HoO + CNC1>KQH +~ HC1 + (Cn)
in possible explanation of the oxidising aetion orhy%rolysis
hypothesis which he declared to be iupossible on account of the
production of equivalent quantities of potassium hydroxide and
hydroecihlorie acid together.

Cyanogen, however, is recognised as a non—solvent of
gold, so that this reaction would be of no malerial benefit unless
the cyanogen were capable of coubining directly with gold and
potassiu. to form the soluble potassiuw aurocyanide, KAu(Cli)o.

Teed also explained the harmful efiect of potassium
hydroxide on the oyano_en bromide by weans of the following
equations showing the destruetlion of cyanoge: bromide

CiBr + 2KOH =KCNQ + KBr + HpO

JCHEr + OKUH =3KQ! + 2KBr + KBrog + 3Ho0.
feed Lnerefore secws Lo have recognised Lhe neocsgity for avoiding
the addition of an excess of alkali.
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In Appendix 7 to the Report of the Le artment of Mines
of Western Australia for 1895, lnspecter of Lines Frank Heed, in
submitting a paper on Lhe process by He. L. Sulman, stales that” the
process is in use at ihe rnand mines, In Arizona, Hung ary, Ganada,
and elsewhere and is doing excellent and rapid work on ores whiech the
older cyanide process has signally failed to extract, and it is
being brought into,use at Lay Lawn ¥ine and at Co#lgardie". In this
paper Sulman claims as Lhe chief advanta;es of the process iis
simplieity, shortness of the extraction period (econony in Lime
permitting of reduction of plant capacity) and reduced cost of
treatment, casier recovery of gold Irow solution and the applicability
of the process to refraclory orcs, concentrates and tallings
hitherto intractable Lo plain cyanide. to further information is
given in this paper except the wmethod of apylication and the resulls
at the Lsy Lawn Mine where leaching with the mixed solution was
practised. ihe following are the essentlial Lacts in oconunectlion
with the ap lication of the process at this mine :- In 8 to 12 hours
the whole ol the accessible zold (i.€+, not iuprisoned in the
quabtz) was extracted, the consumption of reacents being KCN, less
than 0.25 pound and ClBr, less than 0. 129 pound per ton of tallings,
while the cost of the ualerials consumed was iess than one shilliig
per ton of ore. <Two solulions were used for leaching, a strong
solution eontaining 0.1 per cent. KON and 0.025 per cent. ClPr, and
a weak solution containing 0.04 to 0.03 per cent. Kle The weak
solution was use. bto displace Lhe sirong solution and was itself
displaced by the ap;,lication of a water washe Three hundred Lons
of tailings, assaying 4 dwt. 7 gr. gold per ton, were treated in
one weck, producing a 12 grain residuc after 15 hours' leaching
at a working cost inoluding depreciation and inlerest on plants
of three shillings and tenpence per ton of ore.

1t was unfortunate that the first applleatlon of the
process in susiralia should have been wade on an ore ior whigh the
special solvent was Lolally unnecessary, this ore being capable of
yielding very high percentage recoverics by asslgavation and direct
cyanidation with eyanide alone, of the residue after amal amation.
This was a test of Lhe process under ideal conditions instead of on
Lthose classes of ore for which it was elalmed by the inventors that
the process was speclally suitable. o comparison of the resulls
of treatment with plain eyanide and with cyanide and cyanosen
bromide is given so that it is nol possible to form an idea
wheiher the process was capable ol performing the work claimed for
it by its inventors on refractory ores, i.e., ores difficult or
iupossible of treatwent by ordinary wmethods of cyanidatlion. The
process was laler Jdiscarded at this mine and plain eyanidation of
the residue aiter a.aljaualion was installed, whieh process _ave
excellent resultis.

A further paper presented by Sulman belore the Chemical
and Leballurgical Soclety of South Alrica on vay {1th, 1895, and
published in ithe rroceedin s of that coeclety, Vol. I, 1894~-1897,
entitled "Notes on the Behaviour of the Haloid Elements in
conjuneticn with the Cyanlde Process” brings forward no fresh
information of any comnscguence and appears to have been for the
most part a repetition of his previous paper before Lhe Institution
of kining and seballurcy. ie a.ain stresses Lhe lacts that when
using cyanogen bromide, oxXysen is unnecessary and that the
deleterious efiects of the rroduction of potassium nydroxide are
avoided. He advoecates the covering of leaching tanks to exclude
currents of air and also stales that the consumption of cyanogen
bromide is diwinished by adding that reagent in instalmenis. 1he
paper is only of value on account of the diseussion it cvoked,
when the chewistry ol Lhe process was gone into at considerable
length by sowe of the leading cyanide operators in South Africa.
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Schlunde strongly opvosed Sulman and Teed's statenent
that cyanogen bromide does not act as an oxidising agent and in
declaring his belief thafr cyanogen bromide acts as an oxidising
agent puts forward his view that it takes away one atom of hydrogen
from water and leaves free hydroxyl radieles Lo form KCNO, potassium
cgyanate. This decomposition, he states, is more rapid in the
presence of alkalies . :

CNBr + 2K(H #KCNO + KBr + HoO.
Elener's ecuation, he says, still holds
8K + 4Au + 2Ho0 + Oo=4Kau(aT)s + 4KH
but the KOH formed will act on CiBr
(a) if there is excess of Kl
| CNBr + 2ECH-»KCNO + KBr + Ho0
KCHO + o0 +C0p + MNHg + KH
iresumably, further¥reactions ¥ill also take place )
2NHs + 00 + H20 = (144)2C03 )
or KGH + COo >K1004 )

(b) if there is excess of QIBr .
4QIBr + 2KOH + 2HpO0»2KQA! + @Br +2HCO + 02 ;
this reaction is momentary because
2EQT + 21Br »2KBr + 2IiCN.
In the absence of K(i
HCNO + HoO =C0n + NH
HCH + 2H20 »H.TooH +NH-
In both cases cyanogen compounds are degtroyed and in the second
case free oxygen is produced. If free cyanogen is forwed in the
sclution, it will not directly act on gold but in the presence of
alkali will form potassium cyanide and cyanale, the former acting
as a solvent of gold while the latter is destroyed by hydrolysis
(N)2 + 2KOH -> KGN + KQNO + HpO

and
KCHNO + 2H20 - (CO0p + i\a“lij + K(H
K(H + COp = FHCO

24 + H20 + CO2 »(mﬂ)gcgg.

In the presence o? mebtallic sulphides, décomposition of the cyanide
coumpounds would be greater, owing to the nascent oxypen and hydro-
bramic acid developed in the reaction. urther, the more oxidisable
metals would be attacked in preference to the gold. Sehlunde
therefore comes t» the following conclusions -

(1) cyanogen bromide is rapidly decompesed and has no direct
action on old;

(ii) ecyanogen bromide camnot make a bromina ion or a
cyaneration but an exeess of it will generate nascent
oxyzen;

(1ii) the potassium eyanide is comverted inte cyanate and
further oxidised, decompesed, and destroyed.

Fleming cquoted the resulis of some riments on the
process which E%Ved a smaller exbraclion of gold and a larger loss

of cyanide than by the ordinary process.

Buchanan compared the results obtained by the Sulman-leed
and the iacArthur-iorrest proeesses on concentrates assaying 22
dwte gold per ton with a twelve-hour period of contact, both tests
being carried out in an atmosphere of nitrogen. The results were

as follows :-
Sulman-T eed Macirtur-Forrest

Solution, { KQi, per cent. 022 0-27
. CNBr, per cent. 0.05 -

_Extraction, per cent. 6 nil

KEQ! Consunption, lb. per ton 2e nil

He ralises the question " does or does not the cyanozen bromide in
conbact with water in a solution undergoing active chemical change,
form hydro ¢ acld, hydrobromic acid and freec oxygen which then
takes part the solution of the gold".
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Buchanan's experiments only prove that in the ordinery process the
complete absence of oxygen prevents solution of the gold, but

do not indicate whether solution in the presence of cyancgen bromide
is due solely to the actien of cyanozen bromide and potassium eyanide
or Lo the action of oxygen produced by some reactions belween the
cyanide, Lhe bromide and water. This sugzests the possibility of
ubilising the oxXygen—absorbing power of wrogallie acid to determine
whether any oxygen is rroduced when oxyzen-frec solutions of
potassium eyanide and cyanogen bronide are mixed ma allowed to
stand in an atmosphere of nitrogen.

Qemnell, in advoew ins ihe theory of the oxidisins action
of cyanoger bromide, dismssediil’n detall ihe chemistry of gﬁ proeess
and zave Lhe resulls of experiments on the behaviour of cyanogen
bromide under vadous eonditions. In disoussing the nal ure o? the

E reaction, Clemnell deseribed experiments vhieh showed that
(a) a dilute solution of potassium cyanide slowly evolves
hydrogyanie aecid
(b) a dilute sclution of Cyanogen bromide evolves no hydrocyanie
aecid
(¢) & mixture of the dilute solutions of potassium eyanide and
cyancogen bromide rapidly evolves hydrogyanic acid.
The evolution of hydrocyanie acid was delected by exposing a solution
el silver nitrate on a watch glass over beakers conbi the
sclutlions and observin: whether a white precipitate was formed on the
walch glass. in support of his argument that Lhe acceleratis
actlon of cyanogen bromide is due Lo its behaviour as an oxidising
agent he says " hydroeyanic acid can not be produced without hydrogen
the only source of which is the water of the solution; removal of
hydrogen from water leaves either free oxyzen or hydrogen peroxide”.

The writer, in an endeavour to confirm the results of
Clennell's experiments, carried out similar qualitative tests on
4] potassium cyanide solution containing 0.148 per cente KQnN,
D) ceyanogen bromide solution containing C.05 per cent. CNBr,
¢) mixed solution containing O.148 rer cent. KCN and 0.05 per
ocn.tl CZ.'BI‘.
In the case of solution (a) turbidity developed slowly in the silver
nitrate solution which became quite dense in 30 wimnutes; in the case
of solution (b) a slight turbidity developed in the silver nitrate
solution in 30 mimutes; in the case of solution (e) dense turbidity
developed in the silver nitrate soluticn at once. These experiments
show that the cause of the turbidity of the solution of silver
nitrate develops rapidly in the ecase of a mixed solution, much more
slowly in the case of a plain cyanide solution and extremely slowly
in the case of a sclution of cyanogen bromide. This does not,
however, prove that the turbidity is due, as Clennell suziested, to
the liberation of hydrogyanic aeld, for it might be due te the
liberation of hydrobrowic ccid or of both hydroeyanic and hydrobromic
aeids. The chemical explamation of the different behaviour of
these three solutions may possibly be as follows 3=
4 dilute solution of potassium cyanide slowly evolves
hydrogyanic acid, either by hyq;'o}.ytic dissociation
KO + HoO > KOH' + Mo .
in wihich case the evolutiofi of hydroeyanic aeid would be very
or by the aetion of ecarbonic acld, i.e., the action of atmospheric
carbon dioxide and th? uaper}pf Lhe solution '
KQU'+ HZCO4> FHCO4 + HCN
or
2rai’+ H%'GO §>K3004 + N
The rapid evolu iog of ocyanie acld when the solutions of
potassium eyanide and eyanogen bromide are mixed can conly be explained
by assuming thet a reaction takes place between the two compounds in
solution and therefore the reaction suggested by Clemnell
2KCN + QIBr + HoO=KBr + KQO + 2HCN
is quite possibly the oorreaf explanalion of the more rapid evolution
of hydrooganic acid in this case. Schlunde » however, says that
Gyanogen Dramide is hydrolysed in solution .
QiBr + Hp0 -HBr + H@O
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but, as, in Clennell's tests, a solution of eyenozen bromide alone
gave & negative result, it is net pPossible to ascribe the result of
the mixed solution test to the evolution of this 5a2s unless the
presence of potassium cyanide enormously inereases this hydrolysis.
The only way in which, apparently, hydrobromic zcid could possibly
be evolved from the mixed solution would be by the action of hydro-
¢yanle aeid produeed.b; hydroly is of potassium ecyanide

KQl' + HoO» KOH + HON
on cyanogen bromide or tassium bromide

, c:.rax‘pg HQY>HBY + (@7)-

KBr' + HON » HBY + XN
bub, as hydrobromic acid is a very strong acid and hydroeyanie aeid
an extremely weak one, it is highly improbable that Lhese reactions
could take place. ‘ree cyanogen lias no action on silver nitrate
and therefore the rapid turbidity produeced in the solution of silver
nitrabte exposed to the action of the solutions in Clennell's tests eoulcd
only be produced by the action of hydrobromic or hydroceyanic acid.
From what has been said above, the evolution of hydrobromic agid is
apparently impossible, so that in all probability evolution of hydro-
cyarie acid was the cause of the turbidity produced in these tests.

2KCN + CNBr + HoO >KBr + EQIC + 2HN
alt.h;ogﬁh his conelusion would have carried more weight had he showm that

the te precipitate produced in the silver nitrate solution was
silver c¢yanide.

Clemnell then proceeded Lo give the results of cxperiment s
on the behaviour of mixed solubtions of potassium cyanide and cyanogen
bromide, 2 resume of which is here given, together with the conclusions
he arrived at as a result thereof,

1. In a mixed solution of potassium cyanide and cyanogen bromide
& large part of the potassium gyanide is converted into hydro—
eyanie acid in a very short time. A solution gont Oe ;Zr
per cent. KN and 0.17 per cent. IBr after exposure to
in an open vessel showed 0.065 per cent. TGN and 0. 100 per cente.
as HCN while 0.005 per cent. rcy was lost. A solution containing
0.21 per cemt. KN and 0. 105 per cent. (NBr after being m
& stopoered bottle in the dark for four and a half hours
C«145 per cent. KON and 1y ¢quivalent to 0.075 pep cente KQN.

2. Vhen the solutions are kept in cleosed bottles the amount of
ceranogen present as KON + HON remains practically constant. This
was proved by adding excess of alkali to the solution before
testing with silver nitrate so that HCN was converted to E(N and
was estiuated as an equivalent quantity of X(N. This addition
of alkali does not econvert the Cranogen of the cyanogen broumide
into KQl.

3« The amounmt of (NBr diminishes rapidly both in open and closed
vessels, whether exposed to light or in the dark.: In an open
Jar a mixed solution containing 0.17 per cent. XQ! and 0. 17 per cent
CiBr showed immediately after mixing 0.152 per conte. (Br; after
Lwo hours C.071 per cent. CNBr; and after twenty hours 0.010 per eemt
cent. CNBr. In closed jars e soluiion containin: 0.21 per cent.
KON and 0.105 per cent. (Br showed after four and = half hours
in the dark 0.016 per cent. QBr and after four and a half hours .
in the light 0.013 per cent. C¥Br. _

4. Addition of excess of caustie alkali immedintely destroys all
(NBr whether KQ is present or not. When caustic alkali is
added to a pure solution of CiBr, titration with silver nitrate
al once gave a precipitate not soluble in cxeess of the CNRr
solution and therefsre no alkaline cyanide is liberated. vhen
caustic alkali is added to a freshly prepered mixture of EQU and
QiBr, the strength of the E(N, as indicated by silver nitrate,
is the same as before addition of alkali and therefore the
cyancogen of the CNBr does not appear as alkali cgyanide.

In treatment tests by the writer in 1527, when lime was not
added before filtration of the charge after treatment
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KCN as determined by titration with silver nitratc, was less
than after addition of lime, the difference being due either
to the slight excess of K in the OBr solution or to the
neubrelisation of HCN by the lime. This action of caustie
alkali on the (NBr in a mixed solution of KCV and CQBr is one
of the most Iimportant points in the process of treatment and
the best resulis are obtained by so rejulating the addition
of alkali to the ore that the solution durinc treatment is
acid or neutral, or, at Lhe worst, shows only a trace of
probective alkall. hen treatment is earried out with a
mixed ECQN and QiBr sclution which shows ihe usuzl rrotective
alkali employec in the ordinary process wibh cyanide alone
the rate of dissolution of the ;old is materially diminished
and is but little greater than in the ordinary cyanide .
process, while practically no increase in the extraction
results irom trestment with KQT + (NBr solution under these
conditions. “Therefore, it is essential for successful
treatment that the addition of lime to the ore charge for
treatluent wust be very carefully regulated so that the
solution shows, ab most, only a trace of protective alkali.
when Lhe proporiion of QIBr in the wmixture was diminished,
decomposition of KQVU was not so rapid but the loss of CBr
was more rapid. Two hours' exposure to light of mixed
solutions of the following couposition ;ave the results shown

Lelow -
{a) )

iKixed solution ' g ECN, 1 part ECN, 2 parts
GiBr, | part C'Br, 1 part

wecomposition of total

KEQi present 62 - 5 21.5 - 26 %

3.7
58.2 = 61 Z. T2.4 - 676 %
Solution (b) econtains the proportions recom:ended by
Sulman

in the dark the rate of decomposition was retarded. A mixed
solution eontaining C.21 per cent. KCN and 0.105 per cent.
CiBr after four and a half hours® exposure showed the following
concentrations of KCN and QNPr under the conditions stated :=-
Open vessel, expcsed to light - 0.145% ¥, 0.01 Z CNBr
Open vessel, in the dark = 0«17 7 KON, 0,021 7 QuBr
Closed vessel, exposed to light - 0.14 KCl, 0.013 7 QiBr
Closed vessel, in the dark - 0.145 7 KQN, 0.016 ¥ GHBr.

It might have been expected that the deconposition of
bolth KN and C(lBr would have been least in a closed vessel
kept in the dark, whereas ihe best result was obtained in an
open vessel kept in the dark. Experiments by the writer
wilh mixed solutions in open and closed vessels exposed to
1ight showed that the decomposition of both ECN and GiBr was
continuous and rapid under these conditions which approximate
most nearly Lo Lhe conditions obtaining in mill brestment.
The results of these tests are shown in the following tables =

vecanposition of KO and QNPr

Consumption of ClNBEr

Tine Open Vessel Closed Vessel
hours
KQ HQN CiBr KCN HCN QiBr
x 7 ra 7 i b2
Qe 1 0.005 | 0.044 0.12 0.005 0.044
0e5 o.:ﬁ? 0.012 | 0.029 O« 10 0.014 0.029
1.0 0.09; 0.013 | 0.024 0.099 | 0.0145 | 0.024
2.0 | 0.0855| 0.014 | 0.014 0.0905 | 0.012 0.015
———
3e0 | 0,082 | 0.012 | 0.010 0.084 | 0.013 0«0
5 [ 0.082 | 0.015| 0.0016 0.080 | 0.024 0.0
o 0.0016 C.0018




(12)

Expressing the percentages of !ICN as equlvalent percentages of
ECN, the resulis show that the sum of the percentages expressed
as KON is not constant, so that there is an appreoisble loss

of cyanogen. The resulis in this form are shown below.

\‘ B
Time Open Vessel 4‘ Closed Vessel
hours ! ‘ 1. T
KON HCN exp.| Total | KCN | HCN exp.| Total
P as KON | 1 "~ |as kW | %
i | y
0 0.123 | 0.0%2 0.135 | 0.123 0,012 Oe 135
0e5 0.105 | 0.029 | C.134 | G.102 0.03 GCe135
1.0 009 0.031 | Ce.128 | 0.099 9.03§ . De134
2.0 0.0855| 0.034 | 0.1195| 0.0905 | 0.028 O« 1185
3s0 0.082 | 0.028 | 0.11C | 0.084 0.031 l 0.115
545 0.082 | 0036 O.118 | 0.080 | 0.058 0«138

It eppears, therefore, that, under these conditions, the total
KCN + HQN remains practically constant up to cne hour after
zixing, but that after that time the loss becomes very marked.
The changes in concentration of KN, HCN and (Pr under the
above conditions are shown in the accompanying gramis.
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Clennell, in attempting to give a theoretical axflana.tim
of the above decompositions puls forward the following locls as
leading to this explanation - :
{a; hydrocyanic acid is a produet of the decomposition,
b) the amount of cyanogen present as polassium cyanide and
hydrogyanic acld remains conslant throughoutl. '
He proposes
SECN + CBr + HoO0 KBr + ECHC + ZliCH
QiBr + 2KC EBr + KQi0 + HoG
and denies that there is any foruation of alkali oyanide. The
alkali cyanate, he says, possibly acts as an oxidising ajent and
; Elsner's equation bLecomes modified to
| FKCH + KCNO + 2Aau + Hp0 2Kau(Qi)p + 2KGi.
- _ Since the KOH formed is immediabely attacked by CIBr Llic same effect
: is produced as that stated by Sulman, except Lhat his equation
} shows the solution of lwo atomic proportions of gold Ly means of
three molecular proportions of KCM and one wolecular proportion of
CNBr, while Clennell's ecuation shows the solution of Lwo atomie
proportions of gold by means of five mole¢cular properiions of KON
and two molecular proportions of CiBre The final c¢ffect may be
expressed by
SKGN + 2QIBr + 2Aau + HpO->2Kau( G Jg * 2KDBr + KQIC + 2/CH.
The thermal eneryy developed in Sulman's preoposed reaction is less
than in Elsner's reaction and therefore the greaber acltivity of
a mixed ECN and QVBr solution can not be accounted for by any
explanation which depends on the quantity of energy produced during
the reaction.
If Clennell is correct, the active agent is KQI0 and not
2 C'Br. Fossibly the liberated HQI also plays a part
* T 4am + 16HCN #* 300> 4Hau(QN)q + 6H20.

If potessium eyanabe is the active agent, the question
arises whethervit is eapable of accelerating the solvent action of
f KCN. Cyanogen bromide is generally considered to be incapable
| of dissolving gold, but is capable of acting as an accclerator.
! It may be possible, similarly, that polassium cyanate which is a slow
- golvent of old, also aeccelerates Liic solvent action of XCN. It
is, however, difficull to deeide whelher polassiuu cyanate acts as
a supplier of oxyzen and in this way accelerates thic action of
| got.assium cyanide because potassium oyanate 1s readily decomposed
y water '
< SEQNC + 4Hp0 91-;—20(.3 4 {1514}30(3.
‘ Sulman and “eed in & paper on "The Sulman-Tecd
| (Bromoeyanide) Frocess of Cold Exbtraction”, Journdl of the Society
of Chemiecal Industry, Vol. XVI, 1296, after discussing the chemistry
of the ordinary cyanide process which negessitales thc presence of
free oxygen in the solution, stale that the inevitable defects in
all air oxygenation - or chemical oxlidatlion - cyanicc processcs arei= .
'\ (a) the slow oxidation of pyrite and other base sulprhides, with .
- consequent destruction of cyanide and loss of oxygens
(b) the production of potassiuu hydroxide as a necessary reaction
product of the solution of the jold.
They maintain that in the presence of sulphides of iron, GOpper,
arsenic, lead, zinc, antimony, ele., the potassiuu hydroxide
produces soluble metallic and sulphide coupounds which reaet direetly
_on the gyanide end destroy it. This, however, is open Lo question.
The authors ceonsider thab rich pyritic ores and concenitrates and ores
containing arsenical or copper yrites can not be Lreated by the
ordinary cyanide E%?&i% They propcse the use of cyanogen bromide
as an aecelerator 1 ‘18 nobt an oxidising agent, and pul forward
as the main reaction responsible for solution of the gold
QBr + KO + 2Au->2Kau( Qi) + KBr.
They say that no air is necessary, since oxygen takes no part in
the reaction and no polassium hydroxide resulls Irom the reaction,
and, although attemplts have been wade Lo prove this reaction to be
a form of oxidation, all such theories require the intervention of

S
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of hydrolysis which the authors state is impossible because of the
instability of the cyanogen halides in dilute aguecus solution -
below | per cent.

The paper gives a briec description of the application
of the process to (a) battery tailings from a free-milling ore al
Lay Dawn Vestern Australia, and (b) massive arsenical pyrites
earryin% over 40 per cent. arsenic, at Deloro, Canada.

{(a) Day Lawn battery tailings, minus 25 to 30 mesh, were treated
without any preliminary wash of aclid, alkali, or water. The cyanide
and cyanogen browmide solutions were miimd lmmedialely before use
and the gyunogen browide was proportionec to the work Lo De done,
the cyanogen bromide not exceeding one—quarter of the potassium
cyanide present. The ore was treated by leaching with the mixed soluts
ion (about one-third of the weight of the ore) anc Lhe liquor wus
cireulated for two or three hours Lill fairly uniforu in compesition.
The cyanide solution contained C.1 per cent. KONV and 0.025 per cent.
QiBr, the tiue of treatment was fourteen Lo fifteen hours,

- eonsumption of cgyanide was 0.25 1b. and of oyanogen bromide O.11 1b.
- per ton of ore. The percentage extraction was aboul ninety, the
 tailings being reducec frow 3 — 4 dwi. down to 8 - 10 grains of gold
per Lol

(b) At Deloro the ore assayed about 17.5 dwt. gold per ton and
contained about 42 per cent. arsenic, 20 per cent. sulphur, and 38
per cent. irom. Iwo solutions were employed, a sirong solution,

_Ce2 to C.25 per cent. KCN, and a weak solution, O.1 per cent. KO,
each with the necessary addition of cyznogen bromide. The
consumpbion of cyanide was 1 1bs, and of cyanogen browide 0,33 1b.
per ton of ore, while the percentage extraction was aboul nineiy,
when orushed Lo minus 35 Lo 40 mesh, and the total tiwe of
treatment was thrity to foriy hours.

he authors state that the total gyanogen bromide need
not be added all ail once, but may be in two or more additions,
during circulation, from tize to lime. This is found necessary

: when the extraction is prolonged. I'ney ~lso say that the dlssolved
i -0ld salt in even dilute bromoeyanide liguors is so stgble thal it

s found convenient and desirable to make one charge of liguor
extract several vatef of ore in succession, withoui intermediate
precipitation.

hates =

1 i Ae C. Claudet, during the discussion on the paper, sbabod
tHal he had found that a very weak solution of polassium cyanide
would extract ae much zZold as the authors claimed.

}' . T. Ae fdekard in a paper on the Cripple Creck Goldfield,
“Franse. Inste. iining & Metallurgy, Vol. VI1I, 1899, 190C, briefly
reviews the different methods of treatment employed from tiume Lo
time on the telluride ores of Cripple Creek. Irowocgyanication
was not employed, but cyanidation of Lhe roasted ore was found to be
capable of yielding a high percentage exlraction.

In a paper entitled “Notes on the Trealment of Kalgoorlie
sulpho-ielluride Cres by ilired James, 1lrans, lusi, ¥ining &
petallurgy, Vol. VI1II, 18%3, 1500, after showing thal in sowe cases
extractions up to 81 per cent. could be obtained by percolation
treatment with plain eyanide solution after seventeen days'
treatment , and Lo 7] per cent. by agitation for sixieen and &
half hours, the asuthor points out the necessity for fine zrinding,
i.€e, L0 minus 90 mesh, § and agitation with the solution.

Further experiments showed the need for still finer grinding, for the ¢
| employment of an accelerstor with azitation, or for the roasting
| of the ores, and that it was not possible on the rich ores to
obtain a final extraction within a reasonable time, e-cepl by
roasting or other special means. Azitation methods always showed
better results than percoclation. Comparative tests on winus 120
mesh ore by agitation with plain cyanide and with eyanide and
eyanogen bromide showe! that the latter treatment yielded 91.5
per cent. extraction
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in twenty three hours while plain gyanide in four treatments of
| twenty three hours each gave only 68 per cent. extracltion. On
‘ mimis 40 mesh ore, plain cyanide gave 05 per ceni. exbraction after
three treatments of lwenty three hours each, while¢ broamoccyanide
treatmert yielded 78 per cent, extraction in Lwenty Lhrec hours.
Therefore, fine g rinding is essential. '

. I.. Sulman, in the course of the discussion, said that
the ideal equation fob the action of cyanogen bromide and potassium
gyanide on telluride of gold seewed Lo reguire the lorualbion of
telluro—cyanides of gold

2AuTeq + CNBr + 7 KCN»>2Kau(CNTe)2 + KBr + 4KQle
although his own and Picard's experiments had nol definitely proved
the foruation of telluro-eyanides, bul rather pointed Lo a hydrolytie
action which produced tellurous accld (i.e., soluble Lollurites) and
hydrocyanic acid.

- In his book, "Cyanide Practice”, Alfred Jawes, in dealing
with "The Treatment of Sulphosteliuride Ures’ , reprinits his paper
sumarised above and adds nothing to the lnowledge of thic treatment
by cyanogen bromice. Later, in the same work, he discusses ab
some lencth the action of cyanogen bromide under ti.¢ heading of
: : " Bromocyanide”. In this section he sitates generally, that -

? (1) The acdition of eysmnogen branide to & sclution of potassium

eyanide in the proportion of preferably not more than one
of the former to four of the latter, elfects a considerable

i; acceleration in the rate of solution of the gold over that

i of the siuple cyanide solution, although it my not affect
the final percentage of extracltion.

(ii) The addition of cyanogen broumide causes a grealer consumpbion
or loss of eyanogen bhan the simple eyanide process, exeept
in those cases where the treatment by lhe slopler prooess
is ineffective or requires tc be considerably prolonged,
or vhere the presence of such minerals as marcasite may
render a rapid treatment advisable, and thus prevent the
formuation of alkaline sulphide, which Lends Lo relard or

i lessen bhe extraction by bthe siaple gyanide progesse

i fle advises the addilion of the cyanogen bromide im portions,

| say, every lLwo hours, as, in the presence of cyunide solultion,

decompesition is repid, being completed in from three to six hourse
He explains Lhe decouposition of eyanegen bromide Ly a solutien of
potassiun cyanide as beln; due Lo )

KN + GiRr-»XBr + (Qi)2
and in confirmation of this hypethesis gives the following data -
*1000 grains of 0.4 ver cent. (lBr sclulion were mixed with 1000
grains of 0.24 per cent. Q¥ solébicn and left stending over night.
The resulis, when tested, showed thal camplete rcaction had taken
place as no QBr or KA could be discovered in the solution. On
addinc excess of K(ii, however, the prescnce of I was discovered
to the extent of (.12 per cent., thus showing thal cyancgen was
present in the solution”. .

R SR e

Unfortunately for this explanation, Juues neglects to
prove definitely that c¢yanogen was present in the solution and
although he found no KU in the solution, yet found 0.12 per cembe
after adding exeess of Kiile This does not take into account the

, ssibility of the cyanogen being present in the sclution in the
?grm of hydrocyanic acid, the presence of which had previously been
vroved by cther investigators, nor does he explain the reaction by
which XOH and cyanogen reach t¢ Lform KQU

2KCH + (QN)o>KQT + K0 + H20
In addition, the mixed solution used for testing contained a very
much greater ratio of (iBr to KO than the solulions used in practioce
or than the solution recommended by James himsclf in his gsneral
statement quoted above bthat this ratio should nol be greater than
one to four. iHence, this test 1s of no value from & practical
Egi:it of view, nor do his comelusions appear to be warranted by
e resuits of his lLest.
James' experiments on the decomposition of iBr in mixed
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solutions of KON and CNPr showed that in strong cyanide solutions
(C.2 to 0.8 per cent. Y1), decomposition of (IBr was very rapid
when the ratio of ClIiPr to KFCN was one to two or one to four, and he
therefore conclx.u.nc,ﬁ that the destruction of CNPr increased with an
inerease with the proportion of KCN.

He also observed that CNBr decor mosed much more rapidly if
alkali hydroxide were present in addition to K(N.

In addition, he noted that the KO was also deccmposed.
This, of course, was certain to take place whether the equation
given by James
EQN + (NBr- KBr + (CN),
or that given by Tced

KON + HoO + CNBr »KOH + HBr + (QN),
or either of those given b:; Clennell -

2KCH + CNBr + HoO = KBr + KQNO + 2HCN

or
: , 2K(N +2QiBr -i..”‘..IZO—)QYBr + QHQT + O
or bthat given by latchin
2QBr + X m 2il-0 22KBr + EQI0 + 44CN + O

is correct. James and Teed ":[VB no reliable data in support od'
their provposed reactions, whereas Clemnell and Patehin suprport their
conolu.,mns with the results of experimental determinations.

James aprarently adheres to the idea that in mixed solutions
of EN and (NBr, cyanogen is the dissolving azent, for he zives the
following eqp.*.t,ions in explsnation of the actien oi the CNBr as an
accelerator or as an aid to actual solution -

KCN + QiBr + 21 >2K0N + (N)e + 2/ + KBr

KGN + (Ql)p + 2Au + KBr>2Kau(N)o + KBr
and supports this assumption by the statement that the power of
attack of the cyanogen ra.dicle at the moment of formation on the
zold present is the cause of a marked acceleration of the extraction
rat.e over thal of ordinery solutions. This conglusion is directly
opposed to the well known faet, proved by Skey, (Fnginee and
Mining Journal, 1897, p. 163) that cyanozen is not a solv of gold,
although it na; be an occelerstor of the solvent action of KQl

James also shows that air is umnecessary for the solution
of geold in the presence of (iBr and that the ad:lit,ien of air causes
no improverent in extraction where QiBr is concerned. e coneludes
this scetion by relteraling his view regurding the accel erating action
of (!Br whe. he says that the ' Lyplam.tmn is uncdoubtedly the
remarkable power of the molecule ()2 when in contact with gold or
certain r*old—-bea.rin_, minerals abt t.he period of ils dissociat
NAsSeEency . e remarkable efficiency of this reajent is dlie bo the
production of the wolecule of cyanozen in contact with the material
to be treated".

H. Enutsen (;TOC. Inst. MIlle & leb., Vol. XI1I, ‘%2)
deser.t.bes the "Diehl™ process which was the mame given to the process
worked out by Ire. L. . Diehl for the treatuent of the sulpho-telluride
ores of the Kalgoeriie mines. This is apparently the first published
account of the treatment of slimed ore by the process, vhich had
previously been arplied almost entirely to the leachirng of sand or

"sand and slime by percolation.

In this paper Knutsen deseribes the proeess as consisting
of three main operations, viz.,
1) erushinz and sliming the ore.
E"\ treating the slimes in acitaters with KON solution in
combinat ion Wit.h NBr.
(3) filterpressing the sludge and preeipitating the gold.
He states, further, t,na amal "ama.t.ion and concenbration can be added
according to the nature of the ore.

At the time of the publication of this paper the ores
treated in the mills of the Kal, goorlie mines were invariebly rich ores
assaying from 1 to 3 ounces ’old per ton. To the slime pulp
containing 40 6 S0 per cemt. of dry ore, by weizht, stronz KON
solution was added to bring the concenbrat Son of the solubion up to
the vnlenb of 4.4 1b. KON per ton of orce. The pulp was then
ugit. ed for | —= 1% hours, at the end of which period (NBr was added

in the proportion of 1.1 1b. per ton of ore. Agitation was
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. eontinued until the bLotal time of tLreatment reached twenly four hours,
: when the pulp was discharged iromw the azitafors Lo ( he filter presses.
1 Two hours berfore dischargzing the pulp from the agilators, lime was

i added in the proportion of one to four pounds per bLon of dry slime

:‘ for the purpose of obtaining a elean precipitate in bthe zine boxes.

: ‘ In attempbing to deseribe the chemisiry of the ProgeEss,
Emutsen zives his opinion that "it is mot pure oxygen which liberates
eyanogen, but its allotropic form, ozone, which is known tc oecur in
wabter, and especially where water is evaporating”. ie eves evidently
considers thal the active agent in ag cyanide solution used for
dissolving gold 1s free cranogen liberated from the KGN for he says

" the effect of ozone on potassiuc iodide 18 well known, and I suppose
it has an analogous eifeet on potassiun cyanide”. die gives as the

; reaction for the solution of the gold ‘ 1
020 + 2A1 + 4KCN->0p + K20 + 2Kau{Ci)oe !

In giving Sulman's equsb ion
g JECN + QIBr + 2Au-> KBr -+ 2Kau(Qi)s ‘
he says that CNBr not only liberates one wmolecule of cyanogen {rom:
the KCN but at the same time gives off its own gyanogen, 80 that he
evidently considers that it is the free cgyunogen whieh csuses the
gold to dissclve. This view we know Lo be erronecus since ¢
L is not a solvent for gold (Skey, B. & e Jdey 1537, Do 1635 ) He
~ draws attention also Lo the fact that gold is insoluble in air-free
ey2nide and eyanogen broaide solutions bul is readily soluble in the
mixed soiution.

Fmutsen cives brief details of the pracbice on three mines
using the .iehl process, viz., Haman's Star, lake View Consols, and
Hannan's Crown 11ill zdnes. L sumnary of Lhese details is given belowe
Hannan's Star.

N

(@7 in solution Qe 15 per cent. of the dry ere
'Br in solution Ce04 per cent. oi Lhe dry ore
! CaQ added 3 = 4 1be. per Lon of dry ore
gff feglducs from 14 awt. ore 14 - 18 gr. per ton
i Cost 21/4 per ton of ore
: Consumption of K 2 1be per ton of ore
Consumption of (MNBr Qe 1De per itcon of ore.

Lake View Consols. »

sl adatdon. aid Goneentrallon preceded gyanlidation

f and the btable residues were slimed preparatory te

j browogyanddatione.

|’ KCN in solution , 4.4 1b. per ton of orve = Q.2 7 KN

: Qifr in solution, C.05 per cent. of the core

Cal added , 5 = 4 1b. per Lon of ore

Fesldues alfter 24 hours' agitation, 1.7 - 2.5 dwt. per ter

ﬁ : Cost , 27/9 per ton of ore.

.‘ “hls process was run in couparison with the roasting
process, uhe cost of whielh was 31/4 per ton of oree.

Hanran's Prown iiill. .

amalgamation and coneeniration preceded gyanidations
Treatment was siludlar Lo that at Lhe lake View Consols.
Consumption of KCN, 7 1lb. per ton of ore
Consumplion of MBr , 1.29 1b. per ton of ore
Cost, 20/~ per ton, including concentration and treatment
of concentrates (3 - 5 per cent. of the ore).

The main points of inporiance im Fnutsen's paper are

' (1) the method of applicalion of Lhe JiBr, vige., its asddition
after | ~ 2 hours' agitation with R,
(2) addition of lime lwo hours before discharging the agitator teo
the rilter press.

Although he does nol specifically suy so, presunably, ne
lime was added Lo the ore or pulp until two hours Lefore Gischarging
the agitator, so 1t must be assuiiec that he wes fully wiare of the

terious aclion of causlic &&= allali cn the gyanosen bramide and
of §he necessity for kecpln: the allkalinity of Lhe solutien as low as
poagible during browoeyunidation. These two reints ure lhose Lo
which most atiention must Le pald in this wethod ¢l bLreataent.

-
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Lonal@ Clark, australian Nining and Netalluryy, 1904,
describes the Liehl process which was then in operation at Han an's
Star, lLeke View Consols, and Hannan's Brown iiill mines. The only
points wothhy of note are that the ratio of cyanogen brouwide to
potassium cyanide should not exceed | Lo 4 and thal alkallne
solutions may not be used when cyanogen bromide is added.

Schnabel and louis - Handbook of Wetallurgy, 1905 = in
dealing with the cheuical reactions involved in the oyanide process,
give a list of xoidising agenis which prowole solution and Lhen
state that cyanogen bromide is a powerful resgent which reacts with
potassiun cyanice to form cyanogen, whieh, in turn, reacts directly

with gold
E KON + CNBr > KBr + (CN)
2su - (c‘.-’:-)% + 2K =>2Kau(CN]) 2
2: + JEQN ¢ Gifr > 2kau(Ci)p + KbBr

Bromine or chiorine water is said to be usable instead of (LFr

( 4KMN + Bros2KBr + (CGi)y + 2KN

tam + (@2 § 2k > 2Kau{tN)2
I'hey state that one parl by weli nt of Ooxygen, bromine, or chilorine
dissolves respectively 24.5, 2.5, aud 5.52 parts by weight of gold,
so that oxygen is more effieient, weight for weight, than the
other two elements. I'hey conclude by saying that as, in practice,
weak soiutions of LN are used, the volume of Lhe ore is greal and
the quantity of gold im it swall, special oxidising agjenis ure
UnNnecessalrye.

| In "vest sustralian Metallurgical Practice", 19006,
iobert allen deseribes the practice on the mines then employing
| cyanogen bromice.
| Oroya Brownhill,
noter removal of about six per cent. of concentrate,
the reground sands were agitated in covered vats with O.1 per gent.
eyanide solution for 3 hours, then GNDr in the proportion of about
one pound Lo each ounce of gold was added and a_ilation continued
a further 12 hours. isbout 2 hours before the end of Lhe agitation
period, 2 = 5 1b. Cal per ton were added. The consumption of KN
was O.]5 — 1 1b. per ton of ore, while the whole of the CIir w
destroyed. The pulp was then filter-pressed.

After concentration, the table residues were reground
to 80 per cent. minus 200 mesh and a itated for 12 - 16 hours with
0.075 per cent. LG solution in agilators holding 60 tons of dry
slinec. Fifteen minutes afler the addition of the KO, 25 lb. GPr
were adced. "he consumption of L was 1 1lb. per tomn, while the
whole of the (Nfr was destroyed. The pulp was then filter-pressed.

In "Cyaniding Gold and sSilver Ores", 1907, Julian and
smart stale that the only action of eyanogen bromide of value 1s
that of an oxidising agent. Ihey agree that it prebably liberates
eyancgen, like other oxidising agents, but, as pointed out by Skey,
"aqueous solutions of cyanogen Go motexert Lhe least solvent action
on gold and silver”. Ihe ?iberabion of c¢yanogen, Lney peint oul,
is really o weuk polnt in the use of strong oxidisers

(Qi)p + 2KOH-=>EQT + KQIO + Ha0
The reactions occurring, they stale, a Tre simi.?[ar to those of olher
oxldising a_ents and are probably for Lhe most part as follcws:-
2CNBr + 2KOHi =¥Br + HQN + HQNO + ©
or, with excess of KiH
§ 2CNBr + 4KOH-2KBr + KCN + KQNO + 2120 = O,
with KCN

2CNBr + 2KQI + 2,0:2Br + 2 + 2HA0 + O
or, with KQl and excess of i'\%i'i

2 (NBr + KO + 4KOH-2KBr + 2KCN + KCNO + 220 + Ce.

They quote from ¥nutsen's paper the practice at Falgoorlie, which
has alreacdy been reviewed. :



iodide

on a 15 awt, sulphide ore was guaranteed and was obbtainec. The ore

was %ruund in tube mills to minus 150 mesh and agitated with cyanide

solution for three hours, when the charge of COiBr was added. After

a total agitation of twenby hours, lime was added and the charge

pressed. lNardin suggests as the result of his experiwents :-

1« The daily ore leﬂwuldbotakeninthemmingandaamd
4s soon as possible, so as to lnow the value of Lhe ore passing
to the vats in the previous twenty four hours.

28 Th;.-:alp should have a long treatment with cyanide. Gold content:

Fe A should be kept under cyanide treatment 4111 the wedue of

-Lhe ¥ cyanide residue is known.

4. The alkalinity of the vat should Uhen be determined and
gvgrreot.ad to 0.01 per cent. by sulphuric aeid before adding

J« The quantity of QiBr should then be detemined from the value
of the cyanide residue, the tonnage of the vat, ete.

6. The lime added to the ore during erushing should be varied
aecording Lo the alkalinity test after cyanide tLreatment, so
that the plant solution tests about 0.02 per cent.

7 Lime water should be made and added to the vats or to the
solution from the presses, instead of adding lime to the vats.

8. Netalliec iron should be kept out of the pulp as far as possible
a8 il is botlh a cyanieide and a bromo-cyaniecide.

In a cemmunicat ion to the Chemieal, Netallurgical and
Eining Society of South Afrieca by the Portland uetallurgical Society,
(edited by Thos. I. Crowe) - Jour. (hem. Nebes & line Soc. S. Afrieca,
¥ay, 1909 - deseribing researches on the telluride gold ores of
Cripple Creek, after dealing with the setion of alkali persulphates
as oxldising agents in the eymide rrocess, the production of _
cyanogen lédide by the action of alkali persulphates on potassium

(Mg ) 28505 > (MHg)2804 + S0- + ©
4K1 + +{42ﬁzg Ba» 41?&1 + 2?2 . -
and combination of the liberated iodine with KQH

2KQN + 2I5>4KI + 2001
is deseribed, together with the use of cyanogen iodide as an
accelerator of the solution of gold by KQi. vhen excess of alkali
was avolded it was found that in the treatment of ore, good residues,
of less than 1 awit, per ton, were inveriably obtained from one ounce
ore ground Lo 100 mesh, by treatment with a solution cont ‘
I 1bs KQN, 1 1be KI, 3 1be alkali persulphate per ton of solution in
& pulp of 3 solution Lo 1 ore, and that the consumption of KCl was
about 1 1b. per ton of ore. The solutions, af'ter leaving the ore
and standing in eontact with the air, lost their oyanide. 7his loss
was more pronounced when testing heavy sulphide ores, possibly owing
to formation of sodium thiosulphate by the action of the persulphate
on pyrite, a:d the oxidation of sodium thiosulphate to sodium tetra-

thionate by iodine -
2NapSx053 + Io> 2Nal + NapSq04e
When the solutions &J?% )3.23 : 6

the oxidation becomes more vigsorous.

In the course of the en g discussion, Ir. J. Noir
charagterised the rirst equation as ridieulous because ammonium
persulphate does not yield sulphur dioxide under circumstances;
he also ridicules the rroduction of iodine in alkal solution by
the action of amuoniwun persulphate on potassiun iodide. The
statement abogt the formution of sodium thiosulphate by the action
of amnonium persulphate on pyrite has no foundation in raet as the
only conceivable products from pyrite are sulphur dioxide and
sulphuric acid.

i+ B. Stevens suggested that fram a chemical standpoint
only, eyanogen lodide would probably be more efficient than cyanogen
brani ?ho action of the iodide would be slower and therefore
gede Cranogen bromide, he states to be completely
that the hish anet s .2 - . e R R = e
\

nYs

contact with the ore, the recueing action of th
the ore assists in overcouin- oxidising influences, but, when separated,
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decomposed Lhree hours after addition to the ore pulp. He considers
that the high cost of potassiun iodide and semonium persulphate
would render the use of qyanogen iodide prepared by the suggested
method out of the question. '

Se He Worrell — Chemistry of the Bromo-Cyanogen Process,

M. & Sel. Press, March 6th, 1909 - deseribes work done Lo determine
what actually happens in the dissolution of gold by KGN and CNBr
solution. Cs P« QNBr and pure finely divided gold were prepared, and
EQN, 98 per cent. was used. Comparative tebs—» Lests were then carriec
out with these materials Lo determine the weight of gold dissolved

with the amount of KC consumed in tests with and without the
addition of (NBr. Worrell found that in two sets of tests twice as
much gold was dissolved with the sane consumption of KM when C.Pr
was used instead of atmospheric oxygen. He then sugiests the
following reaction in explanation

2KQI + 2hu + 2CNBr->2Kau(Qi)2 + Bro
2Kau(CN)2 + Bro->2AuCi.Bre.FQy
and cites Bull. de Soc. Cheme, Ser. 1, pp. 29 - 416 (Paris) as
ﬁhority that Eam(Qi), readily forms absorptiocn products with the
oZens. .

Unfortunately, Vorrell's tests were not carried out under
similar conditions, for in his first test with straight KQi solution
(0.5 per cent. KQl), agitation was carried out by drawing air
the solution for & - & HJours, whieh is a scmewhat indefinite period,
while in the parallel test with (NBr added, agitation was carried oub
intermittently from 2 - 4 hours, ancther indefinite period, wvhich is
not the saue as that for the corresponding test with straight KQl.

He 'also gives no information as to the manner of carrying oul the
agitation in the QBr test, i.e., whether agitation was air, wvhich
appears unlikely, or was carried out in a closed vessel with a
minimum of alr or in an open vessel with free access of air. All
these peints should have been stated tc enable a fair conparison to
be made. No reference is sade to the alkalinity or acidity of the
EQH + QNBr solution, factors of vital importance. Therefore,
although his explanation is ingenious and quite possible, further
gonfirsation is required in the form of seriesgof parallel tests
carried out under exactly similar conditions with the two solutions.
Tests, using C. P. substances, while giving information of value in
det theoretically the action of the solvents, may give
resulis entirely different irom those obtained in larve scale
treatment , where the use of C. P. chemicals is Mpraogioablo. From
a practical poinmt of view, results obtained with solutions similar
to those used in will practice, are of more value than resulis
obtained with pure solutions, since the action of the solvent may

be modified or afrected by the presence in the solution of other
substances result from the method pf preparation of the sclvent

or by the presence the ore undergoing itreatment of various minerals
which may or mgy not have an influence on the efficiency of the sclvent.

Clennell ~ Cyanide Handbook, 1910 - in dealing with the
chemistry of cyanogen bromide, quotes the following reactions of this
com -

1} It 1is gradually decomposed by water
QVBr + Ho0- HCNO + HBr.
(2) It is decomposed mpidly%y alkalies
CQiBr + 2ZKCH-KBr + EKQNO + H,0
(3) Soluble gyenides act rapidly, proba.blg evolving eyanogen
KON + QIBr-EBr + (Q)o :
possibly also

QiBr + 2KQN + HoO=>EQNO + KBr + 2.
The liberation of cyanogen in an active for: appears to be
the cause of the rapid solvent power of a mixed slution of XN and

GNBr on gold _
JEQI + GNBr + 2au>2KAau(Ci)» + KBr.
In deseribing the process Clennell points out that CiBr
must De used in solutions cont little or no free adek alkali,
that it is most eflective if adced small guantities at a time,
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and thst eyanogen bromide is mot, per se, a solvent of golde The
sluplest theory of its action he represents thus i- .
EQ + CNBrsKBr + (Cli)a -
2iu + 2KCN + (N)2-> 2Kau( (i)oe
Clennell's description of the meihod of treatment of the
sulpho-telluride ores of Kalgoorlie is similar to that given in
previocus publications.

; ie We vonbBernewitz — M. & Sci. Press, Jth May, 1910 -
; glves inforualion regarding the tonnages treated by bromoeyanidation,
! extraction and costs at the mills at Kalgoorlie using this process.
| Lake View Comsols - i1200 tons per month, 90 per cent extraction,
cost 10/3 per ton.
Oroya Links 1td. - 11500 tons per month, 92 per cent. extraction,
: cost 10/2 per ton.
Golden Horseshoe - 17000 tons per month, 90 per cent. extraction,
cost 11/8 per ton. :
Ivarhoe -~ 10000 tons per montl, 8lightly under 90 per cent.
extraction, cost 7/11 per ton.
‘ He states that in the wet erushing process the extrachbion would be low
: if cyanogen Lromide were not used, since certain minerals in the ore
are soluble in KN + CNBr solution but not in plain KON solution.

Hand Netallurgical Practice, Vol. I, 1911, describes the
process as being applicable to ores irom whieh the ordinary eyanide
process lalls to sceure a sufficiently hizh percentage extraction.

. The method of Lesting ores with ¥ Qi + Qibp solution is described.
; Slindog of the ore is recommended, to-ether with agitat ion for twenty

—

four hours with free access of air with 0.25 per cent. KCN solution
and 1 per cent. of lime. After 24 hours' agitation, the eharge is
tested for alkalinity as it has been found that the highest extractions
are obtained when the alkalinity of the solution, before addition of
GiBr, approximates and does not exceed 0.01 per cent. NalH. Ir
necessary, lhe alkalinity is reduced te this by addition of sul

acid. Gyanogen bromide solution is adde¢ to bring the total up to
0.C1 per cent. iBr and agitation is contirmued in & closed vessel for

3 = 4 hours. The charge is then filtered and washec. Instruetions are
given iB‘gr preparing swall quantities of CiBr solution and for testing
for QiBr.

Gerard W. Williams - "Metallurgy of the Kalgoorlie

Goldfield, E. & ¥. J., LXAXV, Ts tg‘bh Febe, 1908 - describes briefly

the treatment al several of the mills on the Kalgocrlie mines. The
?- only inforamastion of value in econnection with bronogyanidation is given
T in the description of the treatment at the mill of the Ivanhoe Gold
Corporalion, wherein it is stated that the slimes produced by re-
i grind:l.? the residues irom the concentrating tables are diluted with
' weak solution in the ratio of one of ore to one of sclution and
; sitated for two hours, followed by addition of 0.5 1b. CHEr per ton
| oL ore¢ and contimuat ion of agitation for 12 hours. Lime - 1 1b. per
! ton of dry ore — was then added and the slimes were filter-pressed.
: The gold recovered was as rfollows := by amalgamation, 28 per cent.;
from concenirates, 1) per cent.; from sands, 17.5 pet cent.; from
slimes, 28.5 per cent., while 13.0 per cent. was left in the resicues.
Treatment cosis were 5/2 per Lon of ore.

It is difficult to understand why, if this deseription is
: correct, agitalion was contimued for so long a perlod after addition
| ef Qibr, because it appeared to be well known abt that tive that in o
! mixed solution of ECQ! and CiBr during agitation with the ore,
ractically the whole of ihe ClBr was destroyed during the first two or
hree hours, and therefore for the resainder of the time the ore was
subject to the action of a plain cya ide sclutien only. Unfortunately,
figures are not given in this article, nor in other similar articles,
showing the proportion of the gold extracted by plain cyanide solution
before addition of CiBr, which figures would have enabled a determin-
ation Lo be made of Lhe time of azitation necessary to be adopted
during the two periods. _ '

in view of work done during 1527 by the writer and ¢, E.
Blacketi, it is significant that only two hours' agitation with plain
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gyanide was considered necessary before adding QiBr, for this later
work has shown that a somewhat similar short period of agitation with
plain cyanide and an additional very short period of agitation after
addition of (NBr are sufficient to enable an extraction of 90 per cenb.,
and over, of the gold to be made by this method of treatment.

Gerard V. Williams — Westralian Wet—~Crushing Plants, Jour.

Chem. Met. & Mine Socs S. Afrieca, Vol. VIII, 1908 - briefly describes
the treatment at the lLake view mnill, where the vats hold 60 tons of slime
The pulp, 1 of ore to 1 of solution is agitated 24 hours in EQV solution
of concentration 0.06 per cent. EQ!. Iuring agitation the KCN falls
to 0.04 per cent. and is br t up to 0.075 per cent, and, after 15
minutes' agitation, 25 1b. CiBr are added. After 12 - 16 hours'

tation, lime is added to neutralise theacidity and the vals are

scharged for filter—-pressing. The consunption of cyanide, including
the cgyanide in the cyanogen bromide solution, averazes 1.4 1lb. per ton.

We Eo Simpson - Brans. Inst. Min. & Met., Vol. XIII, 1903~
in an article on the Treatment of Tglluride Ores by Dry Crushing and
Reoasting at Kalgoorlie, states that"the I'iehl process, on more than
one occasion, a charge of sulphuric acid has been accidentally run
in with the pulp into an agitator vat, in mistake for (QliBr, and the

itation continued for some time before the error was detected; and
it was found that the extraction from that particular vat was distinctly
better than that obtained from the resy of the mulp under treatment.
He states that "the Diehl vats are all covered in, to the complete
exclusion of atmospheric oxyzen, whieh seeuns in direct Jdefiance of the
ordinary rur;uéf cyanide ;.\ract?{ce; but then the (iBr, added during the
agitation, is in itself a powerful oxidiser, and more than makes up
for any lack of aeration'.

The Mineral Industry for 1901, Vol. X, states that 653 tons
of sulphide ore, assaying (.51 - 3.5 oz. gold per ton, were treated
at the Brown Hill mill, yielding an extraction of 95.7 rer cent. and
that results as high as 97.6 per cenmt. are said to have been oblained.
The consumption of (QiBr was 0.5 — 1 1b. per Lon of ore.

There is also given a resume of a paper by Vright before
the Canadian Mining Institute, 1901, on the Lreatment of mispickel
ores at Deloro, Canada :- The wet concentrates from the mill vonsist
prineipally of mispickel, sone iron pyrites, with small amounts of

per and from 15 to 20 per cent. of guartz sands. These are dumped
directly into the vats to a depth of 3 feet (equivalent Lo about 40
tons) and a little lime added. After levelling, the charge is
samplec. A short water wash is then given and as soon as the waler
has disappeared from the top of the ore the mixtdre of ECN and QiBr
is run on, to an amount approximately one~third the weight of the ore.
The wash water still draining out is run th zinc boxws until, on
testing the solution with ferrie chloride, a distinet blue colour is
obtained. The solution is then switched to the strong solution tank.
Constant slow percolation has been found to yield the best resulis,
so, the solution after it runs ‘through, is brought up to strength and
contimied in eirculation for twenty four hours. By this time 60 = J0
per cent. of the gold has been extracted and it has been found
advisable at this point to drain the charge and then turn it over by
shovelling so as to break up and mix any luaps thal may be present.
The cyanide solution is azain run on and the leaching contirued until
assays show the extraction to be ccmplete. A weak cyanide wash 1is
then given, followed by one of water only. Conswaption per ton of
conecentrate — KQI, 2 1be., CiBr, 0.5 lb. Time of Treatment, 80 - 100
hours; extraction of jold, 87 - 94 per cenb.

Mineral Industry, Vole. XI, 1902contains articles by Fhilip
Argall on "Cyaniding Sulpho-Telluride Ores" and by ¥. A. Prichard and
H. C. Hoover on "Treatment of Sulpho-Telluride Ores at Kalgoorlie".
The former considers QBr to gbe a cyanogen liberator and that the
tellurides are attacked by Lhe very active nascent cyano en. The
latter paper briefly deseribes the Liehl process as in operation at
the lLake View mill and give the extractions as follows :— Oroya
Brownhill, 92.3 per cent.; Lake View, G0 per cent.; Haxnan's Star,
91 = 92 per cent. :
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Clennell, in attempting to give a theoretical axflana.tim
of the above decompositions puls forward the following locls as
leading to this explanation - :
{a; hydrocyanic acid is a produet of the decomposition,
b) the amount of cyanogen present as polassium cyanide and
hydrogyanic acld remains conslant throughoutl. '
He proposes
SECN + CBr + HoO0 KBr + ECHC + ZliCH
QiBr + 2KC EBr + KQi0 + HoG
and denies that there is any foruation of alkali oyanide. The
alkali cyanate, he says, possibly acts as an oxidising ajent and
; Elsner's equation bLecomes modified to
| FKCH + KCNO + 2Aau + Hp0 2Kau(Qi)p + 2KGi.
- _ Since the KOH formed is immediabely attacked by CIBr Llic same effect
: is produced as that stated by Sulman, except Lhat his equation
} shows the solution of lwo atomic proportions of gold Ly means of
three molecular proportions of KCM and one wolecular proportion of
CNBr, while Clennell's ecuation shows the solution of Lwo atomie
proportions of gold by means of five mole¢cular properiions of KON
and two molecular proportions of CiBre The final c¢ffect may be
expressed by
SKGN + 2QIBr + 2Aau + HpO->2Kau( G Jg * 2KDBr + KQIC + 2/CH.
The thermal eneryy developed in Sulman's preoposed reaction is less
than in Elsner's reaction and therefore the greaber acltivity of
a mixed ECN and QVBr solution can not be accounted for by any
explanation which depends on the quantity of energy produced during
the reaction.
If Clennell is correct, the active agent is KQI0 and not
2 C'Br. Fossibly the liberated HQI also plays a part
* T 4am + 16HCN #* 300> 4Hau(QN)q + 6H20.

If potessium eyanabe is the active agent, the question
arises whethervit is eapable of accelerating the solvent action of
f KCN. Cyanogen bromide is generally considered to be incapable
| of dissolving gold, but is capable of acting as an accclerator.
! It may be possible, similarly, that polassium cyanate which is a slow
- golvent of old, also aeccelerates Liic solvent action of XCN. It
is, however, difficull to deeide whelher polassiuu cyanate acts as
a supplier of oxyzen and in this way accelerates thic action of
| got.assium cyanide because potassium oyanate 1s readily decomposed
y water '
< SEQNC + 4Hp0 91-;—20(.3 4 {1514}30(3.
‘ Sulman and “eed in & paper on "The Sulman-Tecd
| (Bromoeyanide) Frocess of Cold Exbtraction”, Journdl of the Society
of Chemiecal Industry, Vol. XVI, 1296, after discussing the chemistry
of the ordinary cyanide process which negessitales thc presence of
free oxygen in the solution, stale that the inevitable defects in
all air oxygenation - or chemical oxlidatlion - cyanicc processcs arei= .
'\ (a) the slow oxidation of pyrite and other base sulprhides, with .
- consequent destruction of cyanide and loss of oxygens
(b) the production of potassiuu hydroxide as a necessary reaction
product of the solution of the jold.
They maintain that in the presence of sulphides of iron, GOpper,
arsenic, lead, zinc, antimony, ele., the potassiuu hydroxide
produces soluble metallic and sulphide coupounds which reaet direetly
_on the gyanide end destroy it. This, however, is open Lo question.
The authors ceonsider thab rich pyritic ores and concenitrates and ores
containing arsenical or copper yrites can not be Lreated by the
ordinary cyanide E%?&i% They propcse the use of cyanogen bromide
as an aecelerator 1 ‘18 nobt an oxidising agent, and pul forward
as the main reaction responsible for solution of the gold
QBr + KO + 2Au->2Kau( Qi) + KBr.
They say that no air is necessary, since oxygen takes no part in
the reaction and no polassium hydroxide resulls Irom the reaction,
and, although attemplts have been wade Lo prove this reaction to be
a form of oxidation, all such theories require the intervention of

S
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of hydrolysis which the authors state is impossible because of the
instability of the cyanogen halides in dilute aguecus solution -
below | per cent.

The paper gives a briec description of the application
of the process to (a) battery tailings from a free-milling ore al
Lay Dawn Vestern Australia, and (b) massive arsenical pyrites
earryin% over 40 per cent. arsenic, at Deloro, Canada.

{(a) Day Lawn battery tailings, minus 25 to 30 mesh, were treated
without any preliminary wash of aclid, alkali, or water. The cyanide
and cyanogen browmide solutions were miimd lmmedialely before use
and the gyunogen browide was proportionec to the work Lo De done,
the cyanogen bromide not exceeding one—quarter of the potassium
cyanide present. The ore was treated by leaching with the mixed soluts
ion (about one-third of the weight of the ore) anc Lhe liquor wus
cireulated for two or three hours Lill fairly uniforu in compesition.
The cyanide solution contained C.1 per cent. KONV and 0.025 per cent.
QiBr, the tiue of treatment was fourteen Lo fifteen hours,

- eonsumption of cgyanide was 0.25 1b. and of oyanogen bromide O.11 1b.
- per ton of ore. The percentage extraction was aboul ninety, the
 tailings being reducec frow 3 — 4 dwi. down to 8 - 10 grains of gold
per Lol

(b) At Deloro the ore assayed about 17.5 dwt. gold per ton and
contained about 42 per cent. arsenic, 20 per cent. sulphur, and 38
per cent. irom. Iwo solutions were employed, a sirong solution,

_Ce2 to C.25 per cent. KCN, and a weak solution, O.1 per cent. KO,
each with the necessary addition of cyznogen bromide. The
consumpbion of cyanide was 1 1bs, and of cyanogen browide 0,33 1b.
per ton of ore, while the percentage extraction was aboul nineiy,
when orushed Lo minus 35 Lo 40 mesh, and the total tiwe of
treatment was thrity to foriy hours.

he authors state that the total gyanogen bromide need
not be added all ail once, but may be in two or more additions,
during circulation, from tize to lime. This is found necessary

: when the extraction is prolonged. I'ney ~lso say that the dlssolved
i -0ld salt in even dilute bromoeyanide liguors is so stgble thal it

s found convenient and desirable to make one charge of liguor
extract several vatef of ore in succession, withoui intermediate
precipitation.

hates =

1 i Ae C. Claudet, during the discussion on the paper, sbabod
tHal he had found that a very weak solution of polassium cyanide
would extract ae much zZold as the authors claimed.

}' . T. Ae fdekard in a paper on the Cripple Creck Goldfield,
“Franse. Inste. iining & Metallurgy, Vol. VI1I, 1899, 190C, briefly
reviews the different methods of treatment employed from tiume Lo
time on the telluride ores of Cripple Creek. Irowocgyanication
was not employed, but cyanidation of Lhe roasted ore was found to be
capable of yielding a high percentage exlraction.

In a paper entitled “Notes on the Trealment of Kalgoorlie
sulpho-ielluride Cres by ilired James, 1lrans, lusi, ¥ining &
petallurgy, Vol. VI1II, 18%3, 1500, after showing thal in sowe cases
extractions up to 81 per cent. could be obtained by percolation
treatment with plain eyanide solution after seventeen days'
treatment , and Lo 7] per cent. by agitation for sixieen and &
half hours, the asuthor points out the necessity for fine zrinding,
i.€e, L0 minus 90 mesh, § and agitation with the solution.

Further experiments showed the need for still finer grinding, for the ¢
| employment of an accelerstor with azitation, or for the roasting
| of the ores, and that it was not possible on the rich ores to
obtain a final extraction within a reasonable time, e-cepl by
roasting or other special means. Azitation methods always showed
better results than percoclation. Comparative tests on winus 120
mesh ore by agitation with plain cyanide and with eyanide and
eyanogen bromide showe! that the latter treatment yielded 91.5
per cent. extraction
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in twenty three hours while plain gyanide in four treatments of
| twenty three hours each gave only 68 per cent. extracltion. On
‘ mimis 40 mesh ore, plain cyanide gave 05 per ceni. exbraction after
three treatments of lwenty three hours each, while¢ broamoccyanide
treatmert yielded 78 per cent, extraction in Lwenty Lhrec hours.
Therefore, fine g rinding is essential. '

. I.. Sulman, in the course of the discussion, said that
the ideal equation fob the action of cyanogen bromide and potassium
gyanide on telluride of gold seewed Lo reguire the lorualbion of
telluro—cyanides of gold

2AuTeq + CNBr + 7 KCN»>2Kau(CNTe)2 + KBr + 4KQle
although his own and Picard's experiments had nol definitely proved
the foruation of telluro-eyanides, bul rather pointed Lo a hydrolytie
action which produced tellurous accld (i.e., soluble Lollurites) and
hydrocyanic acid.

- In his book, "Cyanide Practice”, Alfred Jawes, in dealing
with "The Treatment of Sulphosteliuride Ures’ , reprinits his paper
sumarised above and adds nothing to the lnowledge of thic treatment
by cyanogen bromice. Later, in the same work, he discusses ab
some lencth the action of cyanogen bromide under ti.¢ heading of
: : " Bromocyanide”. In this section he sitates generally, that -

? (1) The acdition of eysmnogen branide to & sclution of potassium

eyanide in the proportion of preferably not more than one
of the former to four of the latter, elfects a considerable

i; acceleration in the rate of solution of the gold over that

i of the siuple cyanide solution, although it my not affect
the final percentage of extracltion.

(ii) The addition of cyanogen broumide causes a grealer consumpbion
or loss of eyanogen bhan the simple eyanide process, exeept
in those cases where the treatment by lhe slopler prooess
is ineffective or requires tc be considerably prolonged,
or vhere the presence of such minerals as marcasite may
render a rapid treatment advisable, and thus prevent the
formuation of alkaline sulphide, which Lends Lo relard or

i lessen bhe extraction by bthe siaple gyanide progesse

i fle advises the addilion of the cyanogen bromide im portions,

| say, every lLwo hours, as, in the presence of cyunide solultion,

decompesition is repid, being completed in from three to six hourse
He explains Lhe decouposition of eyanegen bromide Ly a solutien of
potassiun cyanide as beln; due Lo )

KN + GiRr-»XBr + (Qi)2
and in confirmation of this hypethesis gives the following data -
*1000 grains of 0.4 ver cent. (lBr sclulion were mixed with 1000
grains of 0.24 per cent. Q¥ solébicn and left stending over night.
The resulis, when tested, showed thal camplete rcaction had taken
place as no QBr or KA could be discovered in the solution. On
addinc excess of K(ii, however, the prescnce of I was discovered
to the extent of (.12 per cent., thus showing thal cyancgen was
present in the solution”. .

R SR e

Unfortunately for this explanation, Juues neglects to
prove definitely that c¢yanogen was present in the solution and
although he found no KU in the solution, yet found 0.12 per cembe
after adding exeess of Kiile This does not take into account the

, ssibility of the cyanogen being present in the sclution in the
?grm of hydrocyanic acid, the presence of which had previously been
vroved by cther investigators, nor does he explain the reaction by
which XOH and cyanogen reach t¢ Lform KQU

2KCH + (QN)o>KQT + K0 + H20
In addition, the mixed solution used for testing contained a very
much greater ratio of (iBr to KO than the solulions used in practioce
or than the solution recommended by James himsclf in his gsneral
statement quoted above bthat this ratio should nol be greater than
one to four. iHence, this test 1s of no value from & practical
Egi:it of view, nor do his comelusions appear to be warranted by
e resuits of his lLest.
James' experiments on the decomposition of iBr in mixed
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solutions of KON and CNPr showed that in strong cyanide solutions
(C.2 to 0.8 per cent. Y1), decomposition of (IBr was very rapid
when the ratio of ClIiPr to KFCN was one to two or one to four, and he
therefore conclx.u.nc,ﬁ that the destruction of CNPr increased with an
inerease with the proportion of KCN.

He also observed that CNBr decor mosed much more rapidly if
alkali hydroxide were present in addition to K(N.

In addition, he noted that the KO was also deccmposed.
This, of course, was certain to take place whether the equation
given by James
EQN + (NBr- KBr + (CN),
or that given by Tced

KON + HoO + CNBr »KOH + HBr + (QN),
or either of those given b:; Clennell -

2KCH + CNBr + HoO = KBr + KQNO + 2HCN

or
: , 2K(N +2QiBr -i..”‘..IZO—)QYBr + QHQT + O
or bthat given by latchin
2QBr + X m 2il-0 22KBr + EQI0 + 44CN + O

is correct. James and Teed ":[VB no reliable data in support od'
their provposed reactions, whereas Clemnell and Patehin suprport their
conolu.,mns with the results of experimental determinations.

James aprarently adheres to the idea that in mixed solutions
of EN and (NBr, cyanogen is the dissolving azent, for he zives the
following eqp.*.t,ions in explsnation of the actien oi the CNBr as an
accelerator or as an aid to actual solution -

KCN + QiBr + 21 >2K0N + (N)e + 2/ + KBr

KGN + (Ql)p + 2Au + KBr>2Kau(N)o + KBr
and supports this assumption by the statement that the power of
attack of the cyanogen ra.dicle at the moment of formation on the
zold present is the cause of a marked acceleration of the extraction
rat.e over thal of ordinery solutions. This conglusion is directly
opposed to the well known faet, proved by Skey, (Fnginee and
Mining Journal, 1897, p. 163) that cyanozen is not a solv of gold,
although it na; be an occelerstor of the solvent action of KQl

James also shows that air is umnecessary for the solution
of geold in the presence of (iBr and that the ad:lit,ien of air causes
no improverent in extraction where QiBr is concerned. e coneludes
this scetion by relteraling his view regurding the accel erating action
of (!Br whe. he says that the ' Lyplam.tmn is uncdoubtedly the
remarkable power of the molecule ()2 when in contact with gold or
certain r*old—-bea.rin_, minerals abt t.he period of ils dissociat
NAsSeEency . e remarkable efficiency of this reajent is dlie bo the
production of the wolecule of cyanozen in contact with the material
to be treated".

H. Enutsen (;TOC. Inst. MIlle & leb., Vol. XI1I, ‘%2)
deser.t.bes the "Diehl™ process which was the mame given to the process
worked out by Ire. L. . Diehl for the treatuent of the sulpho-telluride
ores of the Kalgoeriie mines. This is apparently the first published
account of the treatment of slimed ore by the process, vhich had
previously been arplied almost entirely to the leachirng of sand or

"sand and slime by percolation.

In this paper Knutsen deseribes the proeess as consisting
of three main operations, viz.,
1) erushinz and sliming the ore.
E"\ treating the slimes in acitaters with KON solution in
combinat ion Wit.h NBr.
(3) filterpressing the sludge and preeipitating the gold.
He states, further, t,na amal "ama.t.ion and concenbration can be added
according to the nature of the ore.

At the time of the publication of this paper the ores
treated in the mills of the Kal, goorlie mines were invariebly rich ores
assaying from 1 to 3 ounces ’old per ton. To the slime pulp
containing 40 6 S0 per cemt. of dry ore, by weizht, stronz KON
solution was added to bring the concenbrat Son of the solubion up to
the vnlenb of 4.4 1b. KON per ton of orce. The pulp was then
ugit. ed for | —= 1% hours, at the end of which period (NBr was added

in the proportion of 1.1 1b. per ton of ore. Agitation was
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. eontinued until the bLotal time of tLreatment reached twenly four hours,
: when the pulp was discharged iromw the azitafors Lo ( he filter presses.
1 Two hours berfore dischargzing the pulp from the agilators, lime was

i added in the proportion of one to four pounds per bLon of dry slime

:‘ for the purpose of obtaining a elean precipitate in bthe zine boxes.

: ‘ In attempbing to deseribe the chemisiry of the ProgeEss,
Emutsen zives his opinion that "it is mot pure oxygen which liberates
eyanogen, but its allotropic form, ozone, which is known tc oecur in
wabter, and especially where water is evaporating”. ie eves evidently
considers thal the active agent in ag cyanide solution used for
dissolving gold 1s free cranogen liberated from the KGN for he says

" the effect of ozone on potassiuc iodide 18 well known, and I suppose
it has an analogous eifeet on potassiun cyanide”. die gives as the

; reaction for the solution of the gold ‘ 1
020 + 2A1 + 4KCN->0p + K20 + 2Kau{Ci)oe !

In giving Sulman's equsb ion
g JECN + QIBr + 2Au-> KBr -+ 2Kau(Qi)s ‘
he says that CNBr not only liberates one wmolecule of cyanogen {rom:
the KCN but at the same time gives off its own gyanogen, 80 that he
evidently considers that it is the free cgyunogen whieh csuses the
gold to dissclve. This view we know Lo be erronecus since ¢
L is not a solvent for gold (Skey, B. & e Jdey 1537, Do 1635 ) He
~ draws attention also Lo the fact that gold is insoluble in air-free
ey2nide and eyanogen broaide solutions bul is readily soluble in the
mixed soiution.

Fmutsen cives brief details of the pracbice on three mines
using the .iehl process, viz., Haman's Star, lake View Consols, and
Hannan's Crown 11ill zdnes. L sumnary of Lhese details is given belowe
Hannan's Star.

N

(@7 in solution Qe 15 per cent. of the dry ere
'Br in solution Ce04 per cent. oi Lhe dry ore
! CaQ added 3 = 4 1be. per Lon of dry ore
gff feglducs from 14 awt. ore 14 - 18 gr. per ton
i Cost 21/4 per ton of ore
: Consumption of K 2 1be per ton of ore
Consumption of (MNBr Qe 1De per itcon of ore.

Lake View Consols. »

sl adatdon. aid Goneentrallon preceded gyanlidation

f and the btable residues were slimed preparatory te

j browogyanddatione.

|’ KCN in solution , 4.4 1b. per ton of orve = Q.2 7 KN

: Qifr in solution, C.05 per cent. of the core

Cal added , 5 = 4 1b. per Lon of ore

Fesldues alfter 24 hours' agitation, 1.7 - 2.5 dwt. per ter

ﬁ : Cost , 27/9 per ton of ore.

.‘ “hls process was run in couparison with the roasting
process, uhe cost of whielh was 31/4 per ton of oree.

Hanran's Prown iiill. .

amalgamation and coneeniration preceded gyanidations
Treatment was siludlar Lo that at Lhe lake View Consols.
Consumption of KCN, 7 1lb. per ton of ore
Consumplion of MBr , 1.29 1b. per ton of ore
Cost, 20/~ per ton, including concentration and treatment
of concentrates (3 - 5 per cent. of the ore).

The main points of inporiance im Fnutsen's paper are

' (1) the method of applicalion of Lhe JiBr, vige., its asddition
after | ~ 2 hours' agitation with R,
(2) addition of lime lwo hours before discharging the agitator teo
the rilter press.

Although he does nol specifically suy so, presunably, ne
lime was added Lo the ore or pulp until two hours Lefore Gischarging
the agitator, so 1t must be assuiiec that he wes fully wiare of the

terious aclion of causlic &&= allali cn the gyanosen bramide and
of §he necessity for kecpln: the allkalinity of Lhe solutien as low as
poagible during browoeyunidation. These two reints ure lhose Lo
which most atiention must Le pald in this wethod ¢l bLreataent.

-
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Lonal@ Clark, australian Nining and Netalluryy, 1904,
describes the Liehl process which was then in operation at Han an's
Star, lLeke View Consols, and Hannan's Brown iiill mines. The only
points wothhy of note are that the ratio of cyanogen brouwide to
potassium cyanide should not exceed | Lo 4 and thal alkallne
solutions may not be used when cyanogen bromide is added.

Schnabel and louis - Handbook of Wetallurgy, 1905 = in
dealing with the cheuical reactions involved in the oyanide process,
give a list of xoidising agenis which prowole solution and Lhen
state that cyanogen bromide is a powerful resgent which reacts with
potassiun cyanice to form cyanogen, whieh, in turn, reacts directly

with gold
E KON + CNBr > KBr + (CN)
2su - (c‘.-’:-)% + 2K =>2Kau(CN]) 2
2: + JEQN ¢ Gifr > 2kau(Ci)p + KbBr

Bromine or chiorine water is said to be usable instead of (LFr

( 4KMN + Bros2KBr + (CGi)y + 2KN

tam + (@2 § 2k > 2Kau{tN)2
I'hey state that one parl by weli nt of Ooxygen, bromine, or chilorine
dissolves respectively 24.5, 2.5, aud 5.52 parts by weight of gold,
so that oxygen is more effieient, weight for weight, than the
other two elements. I'hey conclude by saying that as, in practice,
weak soiutions of LN are used, the volume of Lhe ore is greal and
the quantity of gold im it swall, special oxidising agjenis ure
UnNnecessalrye.

| In "vest sustralian Metallurgical Practice", 19006,
iobert allen deseribes the practice on the mines then employing
| cyanogen bromice.
| Oroya Brownhill,
noter removal of about six per cent. of concentrate,
the reground sands were agitated in covered vats with O.1 per gent.
eyanide solution for 3 hours, then GNDr in the proportion of about
one pound Lo each ounce of gold was added and a_ilation continued
a further 12 hours. isbout 2 hours before the end of Lhe agitation
period, 2 = 5 1b. Cal per ton were added. The consumption of KN
was O.]5 — 1 1b. per ton of ore, while the whole of the CIir w
destroyed. The pulp was then filter-pressed.

After concentration, the table residues were reground
to 80 per cent. minus 200 mesh and a itated for 12 - 16 hours with
0.075 per cent. LG solution in agilators holding 60 tons of dry
slinec. Fifteen minutes afler the addition of the KO, 25 lb. GPr
were adced. "he consumption of L was 1 1lb. per tomn, while the
whole of the (Nfr was destroyed. The pulp was then filter-pressed.

In "Cyaniding Gold and sSilver Ores", 1907, Julian and
smart stale that the only action of eyanogen bromide of value 1s
that of an oxidising agent. Ihey agree that it prebably liberates
eyancgen, like other oxidising agents, but, as pointed out by Skey,
"aqueous solutions of cyanogen Go motexert Lhe least solvent action
on gold and silver”. Ihe ?iberabion of c¢yanogen, Lney peint oul,
is really o weuk polnt in the use of strong oxidisers

(Qi)p + 2KOH-=>EQT + KQIO + Ha0
The reactions occurring, they stale, a Tre simi.?[ar to those of olher
oxldising a_ents and are probably for Lhe most part as follcws:-
2CNBr + 2KOHi =¥Br + HQN + HQNO + ©
or, with excess of KiH
§ 2CNBr + 4KOH-2KBr + KCN + KQNO + 2120 = O,
with KCN

2CNBr + 2KQI + 2,0:2Br + 2 + 2HA0 + O
or, with KQl and excess of i'\%i'i

2 (NBr + KO + 4KOH-2KBr + 2KCN + KCNO + 220 + Ce.

They quote from ¥nutsen's paper the practice at Falgoorlie, which
has alreacdy been reviewed. :



iodide

on a 15 awt, sulphide ore was guaranteed and was obbtainec. The ore

was %ruund in tube mills to minus 150 mesh and agitated with cyanide

solution for three hours, when the charge of COiBr was added. After

a total agitation of twenby hours, lime was added and the charge

pressed. lNardin suggests as the result of his experiwents :-

1« The daily ore leﬂwuldbotakeninthemmingandaamd
4s soon as possible, so as to lnow the value of Lhe ore passing
to the vats in the previous twenty four hours.

28 Th;.-:alp should have a long treatment with cyanide. Gold content:

Fe A should be kept under cyanide treatment 4111 the wedue of

-Lhe ¥ cyanide residue is known.

4. The alkalinity of the vat should Uhen be determined and
gvgrreot.ad to 0.01 per cent. by sulphuric aeid before adding

J« The quantity of QiBr should then be detemined from the value
of the cyanide residue, the tonnage of the vat, ete.

6. The lime added to the ore during erushing should be varied
aecording Lo the alkalinity test after cyanide tLreatment, so
that the plant solution tests about 0.02 per cent.

7 Lime water should be made and added to the vats or to the
solution from the presses, instead of adding lime to the vats.

8. Netalliec iron should be kept out of the pulp as far as possible
a8 il is botlh a cyanieide and a bromo-cyaniecide.

In a cemmunicat ion to the Chemieal, Netallurgical and
Eining Society of South Afrieca by the Portland uetallurgical Society,
(edited by Thos. I. Crowe) - Jour. (hem. Nebes & line Soc. S. Afrieca,
¥ay, 1909 - deseribing researches on the telluride gold ores of
Cripple Creek, after dealing with the setion of alkali persulphates
as oxldising agents in the eymide rrocess, the production of _
cyanogen lédide by the action of alkali persulphates on potassium

(Mg ) 28505 > (MHg)2804 + S0- + ©
4K1 + +{42ﬁzg Ba» 41?&1 + 2?2 . -
and combination of the liberated iodine with KQH

2KQN + 2I5>4KI + 2001
is deseribed, together with the use of cyanogen iodide as an
accelerator of the solution of gold by KQi. vhen excess of alkali
was avolded it was found that in the treatment of ore, good residues,
of less than 1 awit, per ton, were inveriably obtained from one ounce
ore ground Lo 100 mesh, by treatment with a solution cont ‘
I 1bs KQN, 1 1be KI, 3 1be alkali persulphate per ton of solution in
& pulp of 3 solution Lo 1 ore, and that the consumption of KCl was
about 1 1b. per ton of ore. The solutions, af'ter leaving the ore
and standing in eontact with the air, lost their oyanide. 7his loss
was more pronounced when testing heavy sulphide ores, possibly owing
to formation of sodium thiosulphate by the action of the persulphate
on pyrite, a:d the oxidation of sodium thiosulphate to sodium tetra-

thionate by iodine -
2NapSx053 + Io> 2Nal + NapSq04e
When the solutions &J?% )3.23 : 6

the oxidation becomes more vigsorous.

In the course of the en g discussion, Ir. J. Noir
charagterised the rirst equation as ridieulous because ammonium
persulphate does not yield sulphur dioxide under circumstances;
he also ridicules the rroduction of iodine in alkal solution by
the action of amuoniwun persulphate on potassiun iodide. The
statement abogt the formution of sodium thiosulphate by the action
of amnonium persulphate on pyrite has no foundation in raet as the
only conceivable products from pyrite are sulphur dioxide and
sulphuric acid.

i+ B. Stevens suggested that fram a chemical standpoint
only, eyanogen lodide would probably be more efficient than cyanogen
brani ?ho action of the iodide would be slower and therefore
gede Cranogen bromide, he states to be completely
that the hish anet s .2 - . e R R = e
\

nYs

contact with the ore, the recueing action of th
the ore assists in overcouin- oxidising influences, but, when separated,
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decomposed Lhree hours after addition to the ore pulp. He considers
that the high cost of potassiun iodide and semonium persulphate
would render the use of qyanogen iodide prepared by the suggested
method out of the question. '

Se He Worrell — Chemistry of the Bromo-Cyanogen Process,

M. & Sel. Press, March 6th, 1909 - deseribes work done Lo determine
what actually happens in the dissolution of gold by KGN and CNBr
solution. Cs P« QNBr and pure finely divided gold were prepared, and
EQN, 98 per cent. was used. Comparative tebs—» Lests were then carriec
out with these materials Lo determine the weight of gold dissolved

with the amount of KC consumed in tests with and without the
addition of (NBr. Worrell found that in two sets of tests twice as
much gold was dissolved with the sane consumption of KM when C.Pr
was used instead of atmospheric oxygen. He then sugiests the
following reaction in explanation

2KQI + 2hu + 2CNBr->2Kau(Qi)2 + Bro
2Kau(CN)2 + Bro->2AuCi.Bre.FQy
and cites Bull. de Soc. Cheme, Ser. 1, pp. 29 - 416 (Paris) as
ﬁhority that Eam(Qi), readily forms absorptiocn products with the
oZens. .

Unfortunately, Vorrell's tests were not carried out under
similar conditions, for in his first test with straight KQi solution
(0.5 per cent. KQl), agitation was carried out by drawing air
the solution for & - & HJours, whieh is a scmewhat indefinite period,
while in the parallel test with (NBr added, agitation was carried oub
intermittently from 2 - 4 hours, ancther indefinite period, wvhich is
not the saue as that for the corresponding test with straight KQl.

He 'also gives no information as to the manner of carrying oul the
agitation in the QBr test, i.e., whether agitation was air, wvhich
appears unlikely, or was carried out in a closed vessel with a
minimum of alr or in an open vessel with free access of air. All
these peints should have been stated tc enable a fair conparison to
be made. No reference is sade to the alkalinity or acidity of the
EQH + QNBr solution, factors of vital importance. Therefore,
although his explanation is ingenious and quite possible, further
gonfirsation is required in the form of seriesgof parallel tests
carried out under exactly similar conditions with the two solutions.
Tests, using C. P. substances, while giving information of value in
det theoretically the action of the solvents, may give
resulis entirely different irom those obtained in larve scale
treatment , where the use of C. P. chemicals is Mpraogioablo. From
a practical poinmt of view, results obtained with solutions similar
to those used in will practice, are of more value than resulis
obtained with pure solutions, since the action of the solvent may

be modified or afrected by the presence in the solution of other
substances result from the method pf preparation of the sclvent

or by the presence the ore undergoing itreatment of various minerals
which may or mgy not have an influence on the efficiency of the sclvent.

Clennell ~ Cyanide Handbook, 1910 - in dealing with the
chemistry of cyanogen bromide, quotes the following reactions of this
com -

1} It 1is gradually decomposed by water
QVBr + Ho0- HCNO + HBr.
(2) It is decomposed mpidly%y alkalies
CQiBr + 2ZKCH-KBr + EKQNO + H,0
(3) Soluble gyenides act rapidly, proba.blg evolving eyanogen
KON + QIBr-EBr + (Q)o :
possibly also

QiBr + 2KQN + HoO=>EQNO + KBr + 2.
The liberation of cyanogen in an active for: appears to be
the cause of the rapid solvent power of a mixed slution of XN and

GNBr on gold _
JEQI + GNBr + 2au>2KAau(Ci)» + KBr.
In deseribing the process Clennell points out that CiBr
must De used in solutions cont little or no free adek alkali,
that it is most eflective if adced small guantities at a time,
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and thst eyanogen bromide is mot, per se, a solvent of golde The
sluplest theory of its action he represents thus i- .
EQ + CNBrsKBr + (Cli)a -
2iu + 2KCN + (N)2-> 2Kau( (i)oe
Clennell's description of the meihod of treatment of the
sulpho-telluride ores of Kalgoorlie is similar to that given in
previocus publications.

; ie We vonbBernewitz — M. & Sci. Press, Jth May, 1910 -
; glves inforualion regarding the tonnages treated by bromoeyanidation,
! extraction and costs at the mills at Kalgoorlie using this process.
| Lake View Comsols - i1200 tons per month, 90 per cent extraction,
cost 10/3 per ton.
Oroya Links 1td. - 11500 tons per month, 92 per cent. extraction,
: cost 10/2 per ton.
Golden Horseshoe - 17000 tons per month, 90 per cent. extraction,
cost 11/8 per ton. :
Ivarhoe -~ 10000 tons per montl, 8lightly under 90 per cent.
extraction, cost 7/11 per ton.
‘ He states that in the wet erushing process the extrachbion would be low
: if cyanogen Lromide were not used, since certain minerals in the ore
are soluble in KN + CNBr solution but not in plain KON solution.

Hand Netallurgical Practice, Vol. I, 1911, describes the
process as being applicable to ores irom whieh the ordinary eyanide
process lalls to sceure a sufficiently hizh percentage extraction.

. The method of Lesting ores with ¥ Qi + Qibp solution is described.
; Slindog of the ore is recommended, to-ether with agitat ion for twenty

—

four hours with free access of air with 0.25 per cent. KCN solution
and 1 per cent. of lime. After 24 hours' agitation, the eharge is
tested for alkalinity as it has been found that the highest extractions
are obtained when the alkalinity of the solution, before addition of
GiBr, approximates and does not exceed 0.01 per cent. NalH. Ir
necessary, lhe alkalinity is reduced te this by addition of sul

acid. Gyanogen bromide solution is adde¢ to bring the total up to
0.C1 per cent. iBr and agitation is contirmued in & closed vessel for

3 = 4 hours. The charge is then filtered and washec. Instruetions are
given iB‘gr preparing swall quantities of CiBr solution and for testing
for QiBr.

Gerard W. Williams - "Metallurgy of the Kalgoorlie

Goldfield, E. & ¥. J., LXAXV, Ts tg‘bh Febe, 1908 - describes briefly

the treatment al several of the mills on the Kalgocrlie mines. The
?- only inforamastion of value in econnection with bronogyanidation is given
T in the description of the treatment at the mill of the Ivanhoe Gold
Corporalion, wherein it is stated that the slimes produced by re-
i grind:l.? the residues irom the concentrating tables are diluted with
' weak solution in the ratio of one of ore to one of sclution and
; sitated for two hours, followed by addition of 0.5 1b. CHEr per ton
| oL ore¢ and contimuat ion of agitation for 12 hours. Lime - 1 1b. per
! ton of dry ore — was then added and the slimes were filter-pressed.
: The gold recovered was as rfollows := by amalgamation, 28 per cent.;
from concenirates, 1) per cent.; from sands, 17.5 pet cent.; from
slimes, 28.5 per cent., while 13.0 per cent. was left in the resicues.
Treatment cosis were 5/2 per Lon of ore.

It is difficult to understand why, if this deseription is
: correct, agitalion was contimued for so long a perlod after addition
| ef Qibr, because it appeared to be well known abt that tive that in o
! mixed solution of ECQ! and CiBr during agitation with the ore,
ractically the whole of ihe ClBr was destroyed during the first two or
hree hours, and therefore for the resainder of the time the ore was
subject to the action of a plain cya ide sclutien only. Unfortunately,
figures are not given in this article, nor in other similar articles,
showing the proportion of the gold extracted by plain cyanide solution
before addition of CiBr, which figures would have enabled a determin-
ation Lo be made of Lhe time of azitation necessary to be adopted
during the two periods. _ '

in view of work done during 1527 by the writer and ¢, E.
Blacketi, it is significant that only two hours' agitation with plain
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gyanide was considered necessary before adding QiBr, for this later
work has shown that a somewhat similar short period of agitation with
plain cyanide and an additional very short period of agitation after
addition of (NBr are sufficient to enable an extraction of 90 per cenb.,
and over, of the gold to be made by this method of treatment.

Gerard V. Williams — Westralian Wet—~Crushing Plants, Jour.

Chem. Met. & Mine Socs S. Afrieca, Vol. VIII, 1908 - briefly describes
the treatment at the lLake view mnill, where the vats hold 60 tons of slime
The pulp, 1 of ore to 1 of solution is agitated 24 hours in EQV solution
of concentration 0.06 per cent. EQ!. Iuring agitation the KCN falls
to 0.04 per cent. and is br t up to 0.075 per cent, and, after 15
minutes' agitation, 25 1b. CiBr are added. After 12 - 16 hours'

tation, lime is added to neutralise theacidity and the vals are

scharged for filter—-pressing. The consunption of cyanide, including
the cgyanide in the cyanogen bromide solution, averazes 1.4 1lb. per ton.

We Eo Simpson - Brans. Inst. Min. & Met., Vol. XIII, 1903~
in an article on the Treatment of Tglluride Ores by Dry Crushing and
Reoasting at Kalgoorlie, states that"the I'iehl process, on more than
one occasion, a charge of sulphuric acid has been accidentally run
in with the pulp into an agitator vat, in mistake for (QliBr, and the

itation continued for some time before the error was detected; and
it was found that the extraction from that particular vat was distinctly
better than that obtained from the resy of the mulp under treatment.
He states that "the Diehl vats are all covered in, to the complete
exclusion of atmospheric oxyzen, whieh seeuns in direct Jdefiance of the
ordinary rur;uéf cyanide ;.\ract?{ce; but then the (iBr, added during the
agitation, is in itself a powerful oxidiser, and more than makes up
for any lack of aeration'.

The Mineral Industry for 1901, Vol. X, states that 653 tons
of sulphide ore, assaying (.51 - 3.5 oz. gold per ton, were treated
at the Brown Hill mill, yielding an extraction of 95.7 rer cent. and
that results as high as 97.6 per cenmt. are said to have been oblained.
The consumption of (QiBr was 0.5 — 1 1b. per Lon of ore.

There is also given a resume of a paper by Vright before
the Canadian Mining Institute, 1901, on the Lreatment of mispickel
ores at Deloro, Canada :- The wet concentrates from the mill vonsist
prineipally of mispickel, sone iron pyrites, with small amounts of

per and from 15 to 20 per cent. of guartz sands. These are dumped
directly into the vats to a depth of 3 feet (equivalent Lo about 40
tons) and a little lime added. After levelling, the charge is
samplec. A short water wash is then given and as soon as the waler
has disappeared from the top of the ore the mixtdre of ECN and QiBr
is run on, to an amount approximately one~third the weight of the ore.
The wash water still draining out is run th zinc boxws until, on
testing the solution with ferrie chloride, a distinet blue colour is
obtained. The solution is then switched to the strong solution tank.
Constant slow percolation has been found to yield the best resulis,
so, the solution after it runs ‘through, is brought up to strength and
contimied in eirculation for twenty four hours. By this time 60 = J0
per cent. of the gold has been extracted and it has been found
advisable at this point to drain the charge and then turn it over by
shovelling so as to break up and mix any luaps thal may be present.
The cyanide solution is azain run on and the leaching contirued until
assays show the extraction to be ccmplete. A weak cyanide wash 1is
then given, followed by one of water only. Conswaption per ton of
conecentrate — KQI, 2 1be., CiBr, 0.5 lb. Time of Treatment, 80 - 100
hours; extraction of jold, 87 - 94 per cenb.

Mineral Industry, Vole. XI, 1902contains articles by Fhilip
Argall on "Cyaniding Sulpho-Telluride Ores" and by ¥. A. Prichard and
H. C. Hoover on "Treatment of Sulpho-Telluride Ores at Kalgoorlie".
The former considers QBr to gbe a cyanogen liberator and that the
tellurides are attacked by Lhe very active nascent cyano en. The
latter paper briefly deseribes the Liehl process as in operation at
the lLake View mill and give the extractions as follows :— Oroya
Brownhill, 92.3 per cent.; Lake View, G0 per cent.; Haxnan's Star,
91 = 92 per cent. :
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In the following series of tests on South Kalgurll ore,

assaying 10.8 dwt. Ma per ton, which was ground in the pebble mill
to pass a 200 mesh I.M.M. sereen, the treatment conditions were
kept constant and were as follows :—

Cyanide solution 0«15 per cent. ECN

Ca0 added during treatment 1 1b. per ton of ore

Ca0 added after treatment 2 1lb. per ton of ore

Time of agitation with KGN 2 hours

CNBr added 1 1b. per ton of ore

Time of agitation with CNBr 1 hour.
The results of these tesis are as follows :—

South Kalgurli Ore — aissay value, 10.8 dwt. ‘u per ton.

© Test

Solution after treatment Consumption Residue, Extraction,
No. _ of KCll, 1b. dwt. Au per cenb.
EC, 7/ Cal, ., QiBr, / per ton per ton

13 0.1355  0.0408  0.0013 0429 e 69.44
14 0.1350 0.0228 0.0013 0.30 sl 84.26
15 0.1335 0.0216 0.0013 Oe 33 1.75 83«79
16 0.1340 0.0204 0.0013 0.32 1.5 866 11
6 17 0.1310 0.0180 0.0013 036 1.3 8796
18  0.1280 0.0108 0.0013 Qe44 1.2 86.88
19 0.1390 0,0144  nil 0.22 1.65 84.72
20 0.1310 0.0144 . trace 0+38 1.0 90.74
21  0.1360 0.0192 trace 0.28 1.3 87.96
22  0.1300 040072 nil 0.40 1,3 87.96
23 0.1300 0.0108 trace 0.40 1.3 87.96
_ 24 0.1310 0.0192 trace 0«36 1.1 80.81
25 0.1300 0.0156 mil Q.40 1405 - | 90.28
26 0.1310 0.0132 trace 0.38 1.5 36e 11
2] 0.1360 0.0192 trace 028 2.0 51.48
28 0.1320 0.0228 trace 0. 356 1.0 | 90.74
29 0.1320 0.0180 trace 0.36 ful 8981
30 0.1330 0.0180 nil 0.34 1.3 87.96

In this series of tests, the ore, of fair average grade,
was not amalgamated before cyanidation and it was considered that
22@_}3}3 this might account for the erratic nature of the residue

and extractions, many of which were so nearly satislaclory
as L0 encourage the belief that with further investigation, definite
eonditions might be determined whichwwould enable extractions wedl
over ninety per cent. Lo be obtained.

In order to determine the effect of amalgamation or
non-awalganation on the results obtained by cyanidation, a sample
of the same ore from the South Kalgurli mine, assaying 10.3 dwt.

0ld per ton, was amalgamated during grinding in the pebble mills,
he amalgem wes removed by panning off the product in an amslganated
copper pan and the final amalgamation residue dried.  This residue
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asseged 8.0 dwb. gold per ton, shewing that 25.92 per cent. of the gold
in the original sample had been extracted by analgamation.
3 toBb

In the series of tLests on this ore, Tests were carried out
under constant conditions similar to those obtaining in Tests 13 to 30,
Tests 37 and 38 under the same conditions exceptyd the Lime of .
agitation with cyanogen bronide which was increased to two hours,
while Test 37 was given four hours agitation with cysnide alone 40

furnish a comparison between the results obtainable with and without
cyanozen bromide.

In the case of this sample of ore, amlamation before
cyanidation 1s apparently unneeessary as no luprovement in extraction
is obtained by the introduction of the preliminary amalgauation.

AV the same time, the introduction of asalgamation would be necessary
in the treatuent scheme Lo remove, before cyanidation, any zold not
ca-pable of being dissolved by the cyanide solution. The results
of this series of tests are as follows ;-

South Kalgurli Ore - Assay value, 10.8 dwt. An per t,on;'

ssalgamation residue, 8.0 dwb. Au per ion.
| ¢ 8_ e
Test Solne after bLrealment Con- idue tract— Extraction on orig. ore

Ho. sump~ cwb. ion,
KN Ca0 CNBr tion s (on By By Tétal
7 7 p 4 1b/ per amalgd. amalgn. cyanidn.

ton ton ore
21 0.121 0.0037 0.0014 0.58 1.55 80.62 25.92  59.73 85465
32 0.136 0.0045 0.0014 0.28 1.3 8375 25.92 62.04  87.96
jl 0. 140 0.0045 0e0014 0420 1a1 86425 25.92 63471 89463
34
B

0.138 0.0084 0.0014 0.24 1.35 63412  25.92 61.58 5750
0. 136 0.0082 0.0014 0s28 1.25 84.37  25.92 62.51 88443
36 0.140 0.0052 0.0014 0.20 1.2 85.00 25.92 62.97 £8.89
31 0s143 0.0082 0.0013 0s14 1,05 86487 25.92 64.35 | 9027
38 0.135 0.0052 0+0013 030  1.25 84437 25.92 62450 _.83.42
39  0.147 0.0067 =~ 000 515 35.62 25.92 @ 2679 @ 52431

| As the results of these tests are similar to those obtained

, in the previocus series on the same ore, it is evident that the

\: presence of coarse free gold is not the factor preventing a high
percentage extraction from being obtained, and therefore cther
treatment factors must be varied to ascertain their effects on the
ecyanidation. A comparison of Test 39 with the other tests of the
series shows clearly the accelembin% action of cyanogen bromide,
and that in a short period of agitation with plain cyanide solution,
it is not possible to obtain more than a comparatively small
percentage extraction of the gold.

A new saxple of South K:lﬁurli ore was prepared for
treatment by grin in pebble 1s, without amalgamation, to pass
& 200 mesh screcn, filtering and drying. This pebble mill product
assayed 12.13 éwt. gold per ton. A nmuuber of series of tests
was carried out om this product in which the time of agitat ion with
eyanide and with cyanogen bromide and the concentration of the
eyanide solution were varied, for the purpose of ascertaining the
effect of increasing the concentration of the gyanide solution,
\ and whether the tiue of treatment previously used was too short.
| All other treatment conditions were kept constant and similar to
those obtaining in previous tests, viz., ,
Agitation charge 200 gram ore, 200 c.c. KN
solution, 1 1b. Ca0 per ton
of ore.
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Cyranogen bromide addition 1 1be per ton of ore
Ca0 addition after treatment 2 1b. per ton of ore.

SERIES 1.

This series was carried out under the conditions originally
laid dowm by ¥r. C. E. Blackett, to obtain results which would form
a basis for comparison with the series of tests to be carried out
under conditions suggested Ly the results of previous tests. The
results are remarkably consistent and show thai under the stated
eonditions 85 to 806 per cent. is the maximun extraction to be expected
from this sample of ore.

Test Soln. Time of %@fitn' Soln. after treatment Con- Res- FRxtraction,
W

Noe. | KCH, wiuil sunp—- idue per cent.
| hrse. hrse. y 4 y 4 of iu

KCN, per

1b/ ton
‘ ton
' 40 Q.16 2 1 O 143 0.0067 trace 0.3 1.7 85.98

41 0.16 2 i 0« 155 0.0171 trace 0.10 1.75 85+97
42 0.16 2 i 0.151 0.0134 trace 0.18 1.8 8516
|43 0.16 2 i 00 14950.0148 trace 0e21 1.8 854 16
| | SERIES II.
Variation of time of sitation.

44 0.16 2.5 1.5 06153 0.0171 00,0027 0Celd 1.1 90+93
45 0416 | 2.5 1e9 0148 0.0089 0.0027 0«24 1.35 88487
L 46 (016 | 2.5 1.5  0e145 0.0117 0.0027 0.0 1.0 91.75

SERIES IIl.

Variation of time of aitation.

47 Q.16 3 1 0o 140 0.0104 040033 0428 1.5 87.63
48 0.16 3 1 Oe 148 0.0104 0.0033 0424 1.95 83«51
149 Qe16 3 | 1 Oe 142 0.0097 040033 0.36 2.1 82.64

Series II and III, in vhich time of agitation with XM and
with (QiBr was varied, indicate that apparently no benefit is derived
from an increase in the tise of agitation with XQ¥ alone, but that
an increase in the time of agitat ion af ter the addition of QiBr
inereases the extraction by from 3.5 to 5 per cemt. Therefore, other
treatment conditions rminin%' conslant, an inerease in the Liue of
agitdion afier addition of (IBr im;roves the extraction, although,
from theoretical considerations, nothing will be gained by g:alorging
this period beyond that at which the whole of the CNBr has been
destroyed. Consequently, it becomes necessary to determine the
perlod of agitation with CNBr which will yield the best results.

In the next two series of tests, the efiect of increases in the
concentration of the gyanide solution was determined, all other
treatment conditions being maintained constant as originally suzgested
by ir. Blackett. '



SERIES IV.

Increased concentration of cyanide solution.

| | ‘ \ Con~ Les-
Test Soln. Time of a.git.n.' Soln. after treatment sump~ idue DIxtraction

No. | KN tion dwt. per cent.
} | % |With | With KCN CNBr of Au

: KQN, | (NBr, h 2 Cal p 4 KQi, per

: hrs. hrs. % 1b/ ton

5 ! ton

# ' | !

1; Ijo 00203 2 i Oe ‘_94 0.0112 0-009' O. 18 '01 85.98
o1 G.203 2 1 Ce 190 0.0164 0.0121  0.26 1.9 Bde 34
| 52 10203 | 2 1 Oe 184 0.0141 0.0162 0.38 1.4 58446

SERIES V. '

_ Increased concent.ration of _¢yanide solutiomn.

@ 193 [0.25 |2 i Ce231 0.0156 0.0121 Ce38 2.5 7898

f 54 0.25 2 I 0s234 0.0149 0.0143 0.32 2.2 31.86

| 55 0.25 2 1 0231 0.0116 0.0202 0.38 2.1 8268

These two series appear to lead to the conclusion that
increas the concentration of the cyanide solution inecreases the
grade of ithe residues, or decreases the extraction, although the
average extraction is slightly higher in Series IV than in Series 1.
Therefore, apparently, cyanide solutions of greater concentration
than 0.10 per cent. KN are disadvantageous, and it may be possible

that even weaker cyanide solutions may be equally as effective as
0«15 per cent. solutions.

It is not advisable, if such can be aveided, to increase
the guantity of cyanogen bramide used above 1 1b. per ton of ore, on
account of the cost of this reagenmt, and therefore it is necessary to
determine the effect of increased time of tation with cyanide or
eyanogen bromide, or with both, and of cyanide solulions of less
conecentration than 0.16 per cent. KQN.

The consumplion of eyaide > the treatment is in néa-ly
all cases very low, and apparently none of the treatment conditions
whieh has been varied up to the present seriously affects this item.

in order to determine the effect of further inereases in the
time of treatment of this ore, both with cyanide and with cyanogen
bromide, the following series of tesis has been carried out on the
same sample of ore, assaying 12.13 dwt. gold per tan, in which the
time of agitalion was lnecreased to three hours wilh cyanide solution,
followed by two hpurs' agitation after addition of 1 1lb. (IBr per ton
of orc. Other conditions of treatment have been similar to the
conditions obtaining in previous tests, the eyanide solution assaying
0. 148 per cent. KOl :
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SERIES V1.
South Kalgurli Ore - Assay value. 12.13 dwt. gold per ton.
Cim- Hés—
Test s::ln. ‘Time of agitn. Soln. after treatment. sunp~ jidue, Extraction,
RO- QN m v tion awte per cent.
7 ECN, CliBr, ECN, /CaC, QiBr, of Aa .3
hrs. hrse. X . KCN, per
ib/ ton
ton
56 0.148 3 2 0e 125 0.0059 0.0189 0.456 1.4 88446
57 0.143 3 2 0121 |0.0052 0.0202 0.54 1.0 9179
58 0.148 3 2 0« 1215 0.0092 0.0175 0.93 1.0 9175

These tests indicale that it mgy be possible to obtain hi\.)gher
percentage extractions by increasing the time of agitation with b
¢yanide and cyanogen bromide, although Series 1] and III indicated that
the time of agitation after addition of cyanogen bromide Was more
dmportant than the tine of agitation with a:,r'.nide. two hours treatment
with cyanide being gparently as effective ad three hours' agitation.

It appears also that this increase in the agitation times also results
%n ihereased consumption of cyanide, although this is still comparative—
y small.

The supply of this sample of ore having been exhausted, & new
sample of South kKalgurli ore was prepared as before, but was found to
assay only 5.9 dwt. gold per ton. On this sample a nusber of series
of tests have been carried out with weaker cyanide solution - 0.1 per
cent. FQ — and difierent times of agitation.

SERIES VII.

South Kelgurli Ore — Assay value, 5.9 dwb. gold per ton.
con— o
fest Soln. Time of agit.n. Soln. after treatment sump~ idue, Extraction,

1100 }.‘I tion |dwte. mr Gﬁm.
F with with KCN, Ca0, CNBr, | of Au
hrse. hrs. 1b/ ton
- ton L
59 0.106 2 2 0087 0.0134 0.0040 0.38 1.3 77+97
0. 106 2 2 0s084 0.0178 0.0027 044 0.8 86.44
61 | 0.106 2 2 06083 | 0.0158 0.0040 | 0a46 1.1 81.36

SERIES VI1l.

62 0.106 3 2 0.100 0.0149 0.0040 0.12 0.8 86.44
63 0.106 3 2 |0.102 |0.0171 0.0067 0.08 0.7 88.13
64 0.106 3 2 0,100 0.0208 0.0054 0.12 0.6 89.83
| SERIES IX.
$65 0.104 4 2 0.095 0.0119 0.0189. 0.18 1.8 76.27
66 0.104 4 .2  0.0955 0.0126 0.0204 0.17 2.0 66410
67 oc.104 4 2 0.092 0.0082 0.0216 0.24 0.7 8813
68 Ld,305 2 i %%2%%%‘§:02§3 0.0067 0.01 1.0 8305
69 0.105 2 10105 _0.025) 0.0052 0.00 1.0 83.05

' 70 }0.105 2 1 0a105 10,0297 0.0091 '0.00 1ot 8136
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These series show that the maximum agitation periods necessary
for this ore under these conditions are three hours with cyanide
solution and two hours after addition of cyanogen bromide, and that
increasing the time of agitation with cyanide solution beyond three
hours lowers the extraction.

Although the consumption of gyanide is always low in a
properly conducted test, it was not¥ be=be expected that it would
become practically nil im Series X. This low cyanide consumption
can, however, be explained by taking into account ile eyanide content
of the added cyanogen bremide whieh should, by reason of its jrocess
of production, slways contain & certain amount of free cyaide. In
these tests the cyanozen bromide solution used contained <539 per cente.
CNBr, and therefore 4.2 g.c. of this solution contained (0.1 gram QiBr
(equivalent to 1 1b. per ton of ore on a 200 gram charge). After
neutralising 4.2 g.¢. of this stock solulion with limne wabler and
titrating with standard silver nitrate solution, it was found to
contain 0.022 gram KCQN as free cyanide. Addition of this_guantity of
free cyanide 4o the 200 c.c. of cyanide sclution used in edh test
inereases its free gyanide content by 0.011 per cent.,so that the actual
free cyanide available in these tests was 0.105 + 0.011 = 0.116 per
cent. The consumption of cyanide has been calculated only on the
basis of the c¢yanide solution without t » into account the cyanide
introduced in the cyanogen bromide stock solution, and therefore the
actual consumption of cyanide should be U.22 1b. per ton more vhan
that calculated from the concentration of the cyanide solution alones.
Therefore, in this scries of tests in which the consumption of cyanide
is apparently nil, it is actually 0.23, 0«22 and 0.22 1b. per ton in
the three tests. That this is a feasible explanalion of this
apparently peculiar fact is confirmed by the results of the detcrmination
of free cyanide in the filtered solution from the treatment of the ore
in some tests before addition of the lime necessary for neutralisation,
when an increase in the {ree eyanide cmntent of the solution, of '
approximately 0.01 per cent., was found to lake place after neutralis—
atione. This explanation will account for the very low cyanide con—
sumpbion in many of the tests. At the same time, in practice, it 1is
customary to base the consumpbtion of cyanide on the #& difference
between the free cysnide cohtent of the solution before and after
treatment, so that on this basis the consumption would be as stated in
the resulis of the tesis. :

(n account of the unsatislfaclory nature of Lhe resulis of
the tests of Series IX, these Lesls were repeated on the same ore and
under the same conditions, with the trifling; emception tha the
strength of the cyenide solution was 0.1 per cent. imstead ol O. 104
per Oﬁntat 2 :

SERIES X1.

South Kalgurli Ore ) Assay value, 5.9 dwt. gold per ton.

Con— Les—
Test Soln. Time of azitn. Solne. after treatment sump~ idue, Extraction,
No. k(wm, tion dwt. per cent.
, With with KON ] Cal ’ QiBr ) or A
KCN,  CNBr, z 2 KCi, per
hrs. hrs. 1b/ ton
ton

71 0.1 4 2 0.0985 0.0186 0.0121 0.03 1.0 83405
72 Q.t 4 2 0 100 0.0172 0.0121 0.00 1.2 7966
73 0.1 4 2 0.099 0.0268 0.0121 0.02 1.3 T1+97

These series of Lests, wiph weak cyenide solution, show that
it is a disadvantage Lo prolong the time of agitation with cyanide
solution beyond three hours, and that the extraction of gold is less
I'i:h a 0.1 per cent. cyanide solution than with a 0.15 per cent.
solution.
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Frevious tesls in which one pound of eyanogen bromide per ton
of ore was used have, on account of the presence of cyamogen bromide in
the solution after completion of the test, led to the conelusion that
it might be possible to reduce the cyanogen bromide addition to 0.75 1b.
per ton of ore without harmful effect. Consequently, four series of
tests were carrled out with the diaminished guantity of gyanozen branide,
but, in every case, the residues have been of hich sradey although it is
possible that the weeker cgyanide solubion may have also contribuled to
this resuli.

Un account of the low grade of the sample of ore used in the last
five series of tests il was considered advisable to discintimue trea ment
of this sample for the time being, and consequently a new sample of
Boulder Perseverance ore was prepared in the usual way for treatiment.
This sample assayed 11.2 dwt. gold per tone. Previcus tests having shown
the advisability of agitation with cyanogen broamide for ai least two
hours, four serlies of tesits have been carried out on this ore in vhieh
three and four hour periods of agitation with eyanide have been adopted,
while 1 1b. and 0.75 1be. additions of cyanogen bmmide per ton of ore
have been made. In all these tests all other treatment conditions
have remained constant.

SERIES XII. 7

| 1be GBr per ton of ore.

Tes—
Test Soln. Time of agitn. Soln. after treatment sump- idue, BExtraction,
No. KON, tion dw.  per cent.
| p - With With KGN, Cﬂ@r' of Au
¥CN, CNBr' ﬁ CaOs p KCH’ ner
hrs. hrs. p 1b/ ton
_ ton
74 | Ot 3 2 0094 0.0141 0.0162 0.12 3.7 66496
15 0.1 3 2 0.094 0.0097 0.0189 0.12 3.8 66407
| 76 | 0.1 3 | 2 0.095  0.0089 0.0256 @ 0.10 3.0 73421

' ‘ SERISS XI11l.

1 1b. QiBr per ton of oree.

77 | Qa1 4 2 0.095  0.0171 0.0108  0.10  3a 1 71232
78 O.I 4 2 0.095 000104 000108 0¢1G 3.0 7302‘
39  Oel 4 2 0.094 0.0149 0.0175 0.12 2.8 7500

™ ™™ - r
“RIES XIV.

Ue79 1lbe CNBr per ton of oree

| 80 Qa1 3 2 0,091 0.0231 0.0166 0e18 4.2 62,50
81 0O.i 3 2 0.0895 0.0164 0.0168 0«21 4.15 62.95
82 0.1 3 2 0.090 0.0112 0.0168 0.20 4.2 62,50

SERIES XV.

0«75 1be CNBr per ton of ore.
83 0.1 4 2 0.095 0.0149 0.0114  0.10 3.2 | 71.43
| 84 | Ou1 4 2 0+095 0.0149 0.0141 0.10 3.4 69.64

\35 0.1 4 2 0.095 0.0245 0.0131  0.10 7.7 | 40.18
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These series showed that a reduction in the quantity of
bromide used resulted in lower extraction whiech was slightly inmproved
by ihecreasing the tiwe of agitation with cyasfide {rom three Lo four hours

13

, The unsatisfactory nature of the resulls of the tests of the ‘\
last four series led Lo Lheir repetition under exactly similar conditions
on a new sample of Boulder Perscverance ore, asalgamated during srinding,
as it was considered that possibly this core contained soue celd too
eoarse for ready dissolution. This sample of ore assayed 14.27 Gwb.
gold per Lon belore, and 11.47 dwt. gold per ton after amalzanation,
representing an extraction by amalgamation of 19.62 per cent. of the gold.

SLRIES XV1.

1 1b. (iBr per ton of ore.
| Soln. aicer FON |REs— Ex— Extraction on
Test Soln Agit. Time treatment Con- 1idue tract—- original ore,
No. | KQ, sump~ dwt. ion on DEr cenbe
' % |[#ith| ¥With KON cao CGiBr tion, m1 amalgd

KEQV | CNBr ¥ | &% p3 1b/ per ore By By
} hrs. nDrs. ton ton amalge ti:ya.n- Total
Qile
86 0.1 3 2 0.0910.01930.0108 0.18 3.35 70.79 19.62 56490 76+52
' 87 |0.1 | 3 2 _0.0940.02150.0094 0. 12 3.95 65.56 19.62 52.70 J2.32
88 0.1 | 3 2 0.0900.02150.0094 0.20 3.75 6730 19.62  54.10 J3.72

SERIES XVI1l.

1 1b. QiBr per ton of oree.
89 0.1 4 2  0.0870.01640.0135 0.26 3.8 66487 19.62 53,75 7337
90 /0.1 | 4 2  0+0860C1410,0189 0.28 4.3  62.51/19.62  50+25 6987

91 (0.1 | 4 2 _0.0880.01710.0121 0s24 3.95 65.56 19.62 52.70 J2.32
| SERIBS XVIII.
0«75 1b. CIBr per ton of ores ‘

92 Qul 3 2 0.0880+01340s0054. 024 5.0  56.41 19.62 45.34 64.96

93 0sl |3 || 2 0.0840.02680.0040 0.32 5.05 55.97 19.62 | 44.97 64461

94 0.1 | 3 2 0.0850.01780.0040 0.%0 Se1  55.53 19.62 44.64 64.26
SERIES X1X.
Oe75 1be QIBr per ton of ore.
95 0.1 4 2  0.0880+01710.0081 0e24 5ol 55453 19.62 44.64 64.26
| 96 0.1 4 2 | 0.0840.02160.0040 0.32 562  54.06 19.62 43.94 63.56
l 97 Q.1 4 2 0.0870.01710.0040 0626 5.7 50430 19.62 40.45 60.05

These duplicate scries lead to the conelusions that for this
particujar ore
&1) Amalganation before cyanidation is not necessary.
2) A Oul per cent. cyanide solution is much less efiicient than a
0.1) per cent. solution, the latter of whieh appears to give the
best results of all the solutions used in the whole series of tests.
(3) The miniuuun ef.ective quantity of cyanogen bromide is 1 lb. per
ton of ore.
(4) apparently the best times of agitation are three hours with cyanide
solution and two hours after addition of cyaiogen bromide.
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(5) Consumption of ecyanide is always low.

For the purpose of determining the extraction obitainsble by
this method of treatmert of ore crushed to different sizes, a le of
South Kalgurli ball mill produet was graded by screening thesuch 80 mesh,
100 mesh, and 150 mesh I.iM.)M. sereens. No resicdue remained on the &0
mesh screen and therefore three products were obtained, vize, —00 + 100
pesh, - 100 + 150 mesh, and - 150 mesh. Bach of these sizes was then
bromocyanided with and without the additien of lime curing the prelimin-
ary agitation with cyanide solution, and, concurrently, a check test
was run on the same size material for the full time - three hours - with
gla.in cyanide solution of the same concenmtration as tha used in the

ronocyanidation tests, for the purpose of determining the extraction
obtainable by plain cyanide under exactly the same conditions as the
bromocyanicde tests, except the addition of eymogen bromide.

' The conditions under which these tests were carried ocut and
the results obtained are shown in the foll ; tabulation which shows
that under Lhose conditions which ha previously been shown to yield
satisfaclory extractions on minus 200 mesh material a high percentage
extraction or a low grade residue 1is not obtainable on material coarser
than minus 150 mesh, bul thal economically satisfactory residues can be
obtained from winus 150 mesh material after two hours' treatment with

anide alone, {ollowed by treatment with cyanogen bromide for one hours
8 tiils ore had been erushed dry, and had had no washing with water
as was the case during the grin of the ore for previcus tests, an
additlion of lime equivalent to 9 1be per ton of ore was made Lo the
agitation charge before agitation with cyanide in order to neutralise
the pessible eliect of cyanicides in the ore on the cyanide. In
consequence the consumption of eyanide in all tests was comparat ively
low. A further addibion of lime equivalent to 5 1lb. per ton of ore
was made after completion of the trealment with cyanide and cyanogen
broagide.
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South Kalurii Ball Mill Product - Craded.

{ = 60 +'100 mesh - 100 + 150 mesh - 150 mesh
| : _
. Without Calr | ¥ith Ca0 Without Cal With Ca0 Without Cal with Cal
‘ - : , : -
| KN | ' KQN | Ko | Ko K KON :
(alone |  EKQHQNBr glone KON + CNBmlone KQU+CiBrislone KCN+CNBr alone KCQI+QNBr alcone KON+QiBe
I~ | i 3 be. | |
Test No. . 98 99 1100 | 101 102 | 103 | 104 165 | 106 | 107 | 108 | 109 110 111 112 113 114 | 115
 Ore, weight, gram 200 200, 200 200 200, 200 200 200 | 200 ' 200 200, 200 200 200, 20 200 200 @ 200
' Soln. Mwnz. s 0. 146 04 145 04 14604 14604 146 04146 00 1460, 14604145 |04 1460, 14604 146 04 1460, 1460, 1 Oe 1460, 146 0. 146
VOley CeCe | 200 200 200 | 200 200 200 200 200 200 | 200 200 200 200 200 200 200 200 | 200
Cal added, 1b/ton . | 0 | 0O |0 5 5 5 (6] 0] & 5 5 ) 0 0 0 e 5 5
ClNBr added, 1lb/ton 0 191 4-5% 5Q 4~1 32 (0% ¥ | 4 158 1 1 (4] i i o 1 i
Hrs. agitn. { kN B A58 - 4RI T2 84 SR R ICHAe IS S | 2 2 3 | 2 2
{ QNBr o 1218 § e 1 1 - |1 i | = 1 1 - 1 1 - 1 i
Ca0 added after | m “ . h ,. | | ‘
breatmmdl; IbNes |- Bl i3 (S 1TE g | FudcF 5 L S [R50 | § 5 5| 5|5 |8
Solution ( K@i, . Q¢126 0s114 041120, 13604133 Ca133 041240, 1110111 | 0e 1250, 12204 121 | o 1140, 1060, 101 C. 1120+ 115 04 113
atfter Caly £ 04080/ 0.038 0.0440.0750.078 04102 0.0440,0260.046 [C+0840,1130.110 | 0.0410.0260.037 0.0510. 104 0,101
treatment( QiBr, ' - = 10s0003.0005 = 0.00020.0002 = ,00080.,0008 = «00030,0003 =~ 0.,0010,00 - 0.00020.0002
KGT consumption, ” | ,“ , “ ) ﬁ _ “ |
1be per ton Ded ﬁOomu_h, 0465 10.20 0e26 0426 ,Ooh—kﬁ 0.70 Cod@ “Ooﬁm 0.48 0,50 0«64 0,80 0.90 0.68 0.62 Oog
Head wvsduws, dwt. “ » 1
A per ton Te2 [ Te2 Te2 Ta2 kﬂuw Te2 8.4 Bs4 B4 Bed B.4 8.4 [8.0 8.0 840 8.0 8.0 8.0
Residue vadue, | | | _ n |
é@wt. Au per ton Wcm 4,8 mMch. mh.-O 4.0, Woh. 4ol 20 ‘W Noﬂ\ﬂ\ _wom 3.8 U.NW ,.W..O 2485 3.2 3.0 0.95 Tel
Extraction; per ! | _ * i | !
cent. 12242 [33s3 (6647 44.4 (44,4 5248 51.2 T444 Thaed |5701 B4:T 55¢4 | 62.5 64.4 60.0 @ 62.5 8841 8642
| |

e . Y Ty -——
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For the purpose of determining the times of agitation with

oyanide and with gyonogen bromide which would yield the best

exbragbtions and would therefore enable the best time of treatment to

be determined, series of tesls have been carried ocut on Bculder
Perseveranoe ore gZrounc wet in the pebble mill to pass & 200 mesh

I.M.M. screen. This ore was not amalgamated before cyanidat ione
The only treatment factor that has been varied in these series of
tests has been time of agitation, eithervwith cyanide or cyanozen
Promide, all other factors resaining constant. Three iLests have
been rmun under each of the separate time conditions, in one of which

' no c¢yanogen bromide was added, and in the other twc tesis cyanogen

bromide was added in the proportion of one pound per tan of ore. In
the case of the tests with cyanide alone, the total time of agitation
was the same as the tLotal time of agitation im the obther bLwo Lesis with
both eyanide and cyanogen browmide, these tests being run to enzble
L. comparison o be made between the recsulis obiainable with cyanide
one and with cyanide and eyancgen Lromide under otherwise similar
gonditions. Previous tests had indicated that it was inadvisable
to add lime dur the perlod of agitation with eyanide alone, that
the addition of 1B. of lime perston of ore was sufficient after
tation with cyancgen bromide , and that a solution concentration
, aporoximately O.1) per cenb. XQJ was the most suitable cyanide
atr:l\:tign. Therefore these condilions were adhered te in this series
Q E€5U0. %

-

i The results of these tests show that in 2ll cases it was
impossible to obtain more than itwenly five per cent. extraction of
the gold with cyanide alone, wheresas with the pddition of cyanozen
bromi_ ¢e the maximum exbraction gbtained was 92.8 per eent. alier
three hours' agitation with gyanide alone and an additicnal two hours'
agitation after addition of eyanogen bromide. In every case vhere
oyanogen bromide was used, it was present in small quantity after
gompletion of the test, while the consumption of cyanide whic) was
very low in the tests with gyanide alone, varied up to 1.14 1b. per
ton in the tests with cyanogen broumide. In all the eycnogen branide
tests, the whole of that reagent was added a once.

Thesé tests apparently show that on this particular ore the
of agitaltion does nol materially afleel the extraciion, although
best results were obtained alter three hours' agitation with cyanide
two hours' tation with cymogen bramide. The difference between
he results obtb ¢ under these conditions of time and those oblained
under the other times of agitation is so small that the extra gold
extracted might not, in praoctice, compensate for the extra power
ilised in prolonging the agitation time, in addition to which, an
eéxtension of Lime of agitation reduces the treatment capacity of a
ant of a given size to an exlent whieh may not be comrensurate with
additional extraction of gzold. -5

< The results of these tests are shom in the following
tabulation.
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EFFECT OF VARIATION OF TIKE OF AGITATION

Boulder Perseverance Ore — Assay value, 11.2 dwb. gold per ton.

Three hours agitation Four hours agitation Four hours azita ion = Five hours agitation
ECN EQV + CNBr KON KQV + CNBr KQY KGN + QiBr | EQ@V KN + CNBr
alone _ alone | 4l one adl one
Test No. 116 117 118 119 120 121 122 123 124 125 126 12
Ore, weight, gram 200 200 200 200 200 | 200 200 200 200 200 200 20
Cyanide sclution M<0H:Ba. G Ce 200 200 200 200 200 200 200 | 200 200 200 200 200
KCN, per centes 041456 0.146 @ Ce146 (0.146 0.146 0.146 (04145 | 0.146 0. 146 O.146 04146 | 0.146 |
Qﬂs ren bromide added, lbAon - 1 i - i i - i 1 —- 1 i |
ime of agitation, hrs. fiidth KQ 3 2 2 4 3 3 a4 e 2 5 3 w .
vith Qitr = _ “ - __ i - 2 2 . 2 |
Ca0 added alter treatment, 1b/ton m 2 2 2 2 2 2 2 2 2 2 - 2
Solution after treatment (KCH, ,  0.125 0.1C1 | 04102 0131 Qo110 04108 0«125 | Qs 107 Ce087 0e127 | 0. 108 c.oww |
“ Caly ;' 04009 0.007 | 0,008 0.013 | 0.007 0.010 [0.010 0.020 (0.020 0.012 0.009 0401
| Tu Br, | = 0«0040| 04003C & - 0.0030 0.0Q30, =~ 0+0015 |0.0021 - 0.0065 0.0042 7
' Consumpt ion ou KCN, 1be per ton 0436 0,90 | 0483 (043 0.72° 0.76 |0.30 C.74  1.14 0.34 0,72 | 1.04 |
Head §v Wl ..E per ton 1.2 11e2 11.2 1.2 11.2 11.2 1.2 11.2 11.2 11.2 11e2 11.2 ”
Residue Vaiue, dwi. Au per ton mw 102 0.9 el 2.0 1.0 23 1.6 $473 Bed B 0.8 |
Extrection, per cent. 1. 893 91,9 [10s1 [82.1 [G1a1 169 85.7 [88.4 250 (524G | 9248




In order to determine the effect of adding cyenogen bromide

. ab intervals, furbher serées of tesls have been carried out under

similar conditions to those obtaining in the preceding series, except ¥
t-lé%t. the ¢yanogen bromide has becn added in two equal portions in

’Mzs‘c,a.ir equal intervals of Lime. The resulis of thesc series
appear to incicale that no advantage is gained by adding the qyanogen
bromide at intervals, sinee ecually good extractions were obluined in
the previous series when the cyanogen bromide was added all at oncee.
#hen the period of agltabion wilh gy ren brouide was one hour, the
eyanogcer bromide was added at half-nourly inlervals, lec., ab the
completion oi bhe period of eayilallon with cyanide alone, and half
an hour later; when the period of agitation with cyancgen bromide was
two hours, the ceyanoge: bromide was adled @ hourly intervals, 1l.e.,
at the completion of the periocd of agitation with cyanide alone, and
one hour later.

The results of these series are shown in the following
tabulation.

PRS-

Three hours' four hours' four hours' Five hours'
a-itation aitation azitation azitat ion
Test No. 128 129 | 130 | 131 192 | 133 13 135
Ore, whe, M. 200 200 200 200 200 200 200 200
Soln. 3 (Vol. ,c-c.200 200 200 200 200 200 <00 200
(hQH, 0,144  0.144 0. 160 0e160 0.144 |0.144 (0a144 0.144

Cyanogen brow-—
ide added, lb. .

ton 1 1 1 1 | i 1 i
Agitn. (KON 2 2 3 3 2 2 3 3
tine,hrs.(@Br 1 1 1 1 2 2 2 2
Ca0 added alter

treatment , 1be

per ton 2 2 2 2 2 2 2 2
Soln. KCN,  0e103 0.102 0.131 04132 0.100  0C.100 0.098 0.0?6
atter a0, 0.018 0.016 0.007 0.006 0.016 0.017_ 0.016_ 0.0

t reatment { QIBr,, 00057 0.00790.0052| 0.0042 00052 0.0047 C.C037 C.0047
Consumption of

KCll, 1b/ton 0.82 0e84 ©0.58 0.56 |0.88 0.88 0.92 0.96
Head Vsiwe, dwb.

M per ton 11,42  11.42 11.47 11.47 11.42 11.42 11.42 11.42
Residue Vadue,
awt. Au per ton 1.5 1.6 2.0 Y- fe0 1.05 | 13 1.0

Extraction, per
cent o 86.6 85.7 82.56 87.79 911 90.6 88.4 | 9la1
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For the purpose of providing a comparison between the results
obtainable by the bromocyanidation of raw ore and amalgamated ore, and
to show also the eflect of agitation with gyanide alone, as well as
the increased extraction resulting from a short period of agitation
after the addition of one pound of cyanogen bromide per Lon of ore,
two series of tests were carried out on Boulder Ferseverance ore,
%round wet in pebble mills Lo pass & 200 mesh sereen, the maximum

otal time of treatment in each series being three hours. In order
to indicate the extent to which solution of the gold had taken place
up Lo the addition of the cyanogen bromide, a test was run concurrently
in each series in which agitation with cyanide solution was stopped
after two hours. These tLwo tests, Nos. 136 and 139, show that in two
hours the percentage of the gold dissolved is very small and when
consliderec in conjunctlion with the similar tests, Nos. 138 and 141,
in which the ore was subjected to & subseguent Lreatment of one hour
after addition of cyanogen bronide, show the reatl accelerating action
of cyanogen bromide on the solution of the g Jl’d. The results of the
two series of tests, which are intended only to show the advisability
of amal amation of this ore before Lromocyanidation, indicate that a
greater tLotal extraction may be expected by the introduction of
asalgamtion before gyanidalion. In the case of Kalgoorlie ores,
which are always liable Lo eontain a eertain amount of coarse free gold
which is only extremely slowly dissolved by cyanide solution or by
mixed cyanide and gyanogen bromide solution, it is evident that the
introduction of amalgacation before cyanidgtion is essential.

Amalgamation was carried out by adding meroury to the grinding
chargesgin the pebble mills, which were afterwards panned in a copper
amalgamating pan to recover amalgam and mercury. The extraction
obtained Ly amalzamalion was 11.9 per ceni. On a mill scale,
amalzamation in tube mills which are commonly used for the fine
2rinding would nol be feasible on account of the inefficiency of the
tube mill as an amaljamator and the difficulty of completely cleaning
up the amalgam {rom the mills. Amalgapation would therefore in
practice be carried out by allowing the tube mill slime to flow over
amalganated copper plates or by conpketing the fine grinding in
grinding pans with merocury.

) The resulis of these comparative lLests are shown in the
following table.

BFFECT OF AMALGAMATION BEFORE BROMOCYANILATION.

Boulder rerseverance (re.
Pefore amal amabiOn essee 10.8 Owhe. gold per ton
after amalgamation se.... 14,8 dwb. gold per ton
Extraction by amalgasation - 11.9 per cent.

Amal amated ore Non—amalganated ore |
Test HNo. 136 137 138 139 140 141 |
Ore, weight, gram 200 200 200 200 | 200 (200 |
Barren solution, Evolume C.G.200 200 200 200 200 1200
KCN, ; 0153 Cel153  0e153 | 0153 | 0153|0153
CliBr added, lb. per ton U t 1 T T 1
Agitation time, hrs{ KON 2 3 2 2 3 2
| cNBr | - - [ - = 1
Cal added after treatment, :
Pregnant solution,(KCN, # 0.130 0+127 | Cel15 0Oai Oe .
CNBry, i O - 0.0031 - \ - 0.0031%
CalD, 7 C.0073 0.003 0.00 0.002 | 0.0C1 0.003

|

¥ nsunption, 1b. r |
e ‘Oot.on e 0«46 0.52 0.76 | 0.66 | 0.80 | 1.06
Head Veime, dwbe. Au per ton 14.8  14.8 14.8 | 16.8 | 16.8 | 16.8
Residue Vadme, iu, dwb. per h

| ton 12.4 i1.6 209 el . I 13-0 3.6
Extraction, per cent. 16e21 21.62 | 80440  9.52 | 19.05/78.57 |
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Although the consumption of cyanide in all these tests is com—
paratively high, this is probably due to non-addition of lime during
the agitation period with cyanide alone. The consumrtion of cyanide
is also higher on non-amalgacated ore than on amalzasated ore.

The total extractions by amalgasation and cyanidation are shown

' in the following table ing comparison with the extractions by
? cyanidation alone.

\
EXTRACIIONS DBY AMALGAMATION AND CYANIDAT ION.
| I

Test Aml?gmtion Cyu.r::%at.ion Total
No. per cent. per cent. per cent.
| 86 :}9 :4.2% 26. 18
. <0 .
| LR 70:83 2.7
1139 5 Je 52 Ge 52
3 1141 - 1857 18457

As nearly all the previous tests had been carried out on ore
from the eastern series of lodes, and as there are certain differences
in the characteristics of the ores (rom the eastern and western series
of lodes, it was considered advisable to determine the effect of
similar methods of treatment on the ores from the latter series.
Therefore & sample of ore from the Golden Horseshoe Lstates was
procured for besting purposes through the courtesy of M¥r. J. ¥%.
Sutherland, General Manager of the Company.

N e ., T P
%

-

e T

The preliminary treatment of this ore in preparation for
_ cyanidation was similar to that adopted in the case of the ores
; previously tested, viz., crushing dry to pass a 16 mesh I,M.M. sereen
and grinding wet in pebble mills Lo pass 2 200 mesh l.u.k. screen,
the product Deing fillered under pressure and allowed to dry without
the application of artificial heating.

ASy in previous tests, it had been found possible Lo secure
extractions of at leust 90 per cent. of the gold by varying the total
time of tLreatment from 3 to 5 hours, comparative tests were carried
, out on this ore, without amalganation, by agitation, in one case, for
b two hours with plain gyanide solution and a further one hour after
3 addition of one pound of cyanogen bromide per Lon of ore, and in the
; other case, for three hours with plain gyanide solution and a further
E- two hours afler addition of one pound of cyanogen bromide per ton of
i

ore. At the sume btiuze, comparative tests were carried out by
agitating for the full periods of three and five hours, respectively,
with plain gyanide solution under similar conditions to those obtaining
in the bLromogyanidalion tests except for the eyanogen bromide additione.

In these two series of tests no lime was added Lo the charges
at the comuencement of the cyanidatlion period since it is recognised
that the best results are obtaines from bLromoeyanidation in a sclution

contalining a minimun of alkali.

These two serles showed that on this particular ore high
percentage extractions, with comparatively low grade residues, are
obtainable under both time conditions and that practically no benefit
is in this case derived by prolonging the treatment period beyond three
hours. This ore ap, ears to be peculiarly amenable Lo cyanidation
as camparatively high percentage extractions were obtained by the
treatment with cyanice alone. )

In all the Lromocyanidation Lests the consumption of cyanide
was comparatively high, which was considered to be due possibly to
the omission of lise from the treatsent charge.
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The results of these two series of tests are shown in the
following table.

BROMOCYARIDATION OF GOLLEN HORSESHOE ORE.

Test No. : 142 143 144 145 146 147
Ore. weight, gram 200 200 200 200 200 200
Barren Volume, cC.Ce. 200 200 200 200 200 200
|301ution KCN, per cenbe 0155 0.155 0.155 0.155 0.155 Ce 155
‘ tation {Wibh KCN 3 2 2 5 3 3

» hours(7ith QuNBr - i i - 2 2
Ca0 added after agitation _

1b. per ton - . 2 2 2 2

Pregnant ( KON, per cent. 0.128 0.112 0.104 0.114 0.114 0.107
Solution (CNBr, per cent. ~— _ 0.0034 0.0036 - 0.0026 0.0021

_ Ca0, per cenb. 0.006 0.007 0.010 0.004 0.008 0.002
KCN Consumption, lb. per

ton 0.54 0.86 1.02 0.82 0.82 0.96
Head Value, dwb. au per
ton 15.2 15.2 15.2 | 152 15.2 iD.2
Residue ¥siwe, dwi. Au
per ton 10,9 | 1.2 1.0 Ot | fel 0e9
Extraction, per cente. 28.28 92410 93.42  40.13 92.76 94.08

As the solution, after the completion of bromocyanidation tesis,
invariably shows the presence of cyanogen bromide by the method of
detemination previously described, and as acid solutions of ferricyanide
willZ also liberate iodine from potassium iodide, it was consldered
that possibly ferricyanides were being reported as cyanogen broanides
In order to enable a conclusion to be reached on this point, the
soltttions from Tests 142 and 149 in which no cyanogen bromide was used,
were tested in the usual way for compounds capable of liberating
iodine from potassium iodide in acetiec acid soltbion, but the results
in each case were negabive. Therefore it is reasonable to conclude
that cyanogen bromide is actually present in the pregnant solutions
from the browocyanidation tests, although it has been generally
considered that in a cyanide solution cyanogen bromide is complelely
destroyed in from one to two hourse.

To determine the effect on the cyanide consumption and on the
extraction of gold of an initial addition of lime, duplicates of Tests
142 - 147 were carried out, in which 2 1b. Ca0 per ton of ore were
added to the ore charge at the commencement of agitation. While the
effect of this addition of lime was to diminish the consumption of
eyanide, it also very seriously diminished the percentage extraction
in the bromocyanidation tests, probably owing to rapid destruction
of cyanogen bromide by free lime, although:iin the tesis with plain ;
eyanide solution, the extraction, as was expected, inereased appreciably.
These results are shown in the following table.
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EFFECY OF INITIAL ADDITION OF L1uE.

. GOLDEN HORSESHOE ORE.
Test Noe 148 149 150 151 152 | 153

Ore, weight, gram 200 200 @ 200 200 200 200
Barren Volume, C.Ce 200 200 200 200 200 200
Solution( KCl, per cent. 0el51 0e151 0e151 04151 0. 151 0. 151
CliBr added, lb. per ton - 1 1 - 1 i
A;ﬁ:auon E Wwith KCn 3 2 2 |9 3 3
t » hours{ ¥With CiBr - i 1 - 2 P
Ca0 additions { Initial 2 2 2 2 2 2
1b. per ton Final 2 2 2 2 2 2

Pregnant ( KCN, per cent. 0.133 0,129 0.128 0.129 0.122 0.116

Solution ( QiBr, per cent. - 0.0054 0.0148 =~ 0.0042 0.0037
CalC, per cent. 0.035 0.018 0.022 0.018 0.018 0.015

KQl Consumption, 1lb. per

ton ' 0«36 0.44 0.46 0.44 0.58 0.70

Heud Vadwe, dwbe Au per ton 15.2 15.2 15.2 15.2 15.2 15.2

Residue V=tus, dwlL. Au per

ton 8¢3 | 4e5 2.9 | 8.6 2.6 2.2

mmctlionL Der cenb . 45.4 70.4 8009 43&4 7 03 85.5

since this ore yielded, in short pe riods of agitation, much
higher percentage extractions by plain cyanide solution than had bees
the—esane-—wibh olher ores, a determination was made of the effect of
prolonged agitation with plain eyanicde solution after. addition of lime.
These tests showed that, apparently, a maximum extraction was reached
at forty eight hours under the treatuent conditions adopted. The
results of Lhese tests are shown in the following table.

E/FECT OF PROLONGED AGITATION WITH CYANIDE SOLUTICN.

GOLLEN HORSESHOE ORE.

Test No. . 154 155 156
Ore, weight, gram 200 200 200
Barren Volum€, CeCe. 200 200 200
Solution( KECN, per cent. 0. 151 0« 151 0. 151
ca0 addition, 1lb. per ton 2 2 2
Agitation time, hours 42 48 54
t ( KON, per cente. - 0. 130 0. 11 0.119
Solution ( CaQ, per cent. 0.007 0.0C 0007
KCN Consunpbion, 1lb. per ton 0.42 C.04 0.64
Ca0 Consumption, 1lb. per ton 1.86 1.86 1.86
Head Vsiuwe, dwt. Au per ton 152 15.2 15.2
Residue Vadwe, dwt. Au per ton : Seb 5e2 Sel
Extraction, per cent. 63 16 65.79 65.79

In mill practice it may not always be possible bto transier an
agitation charge to the filters within a short tlice of the completion of
treatment with cyanide and cyanogen bromide and after the final
addition of lime, but it zay be necessary to hold the charge in the
agitation vat for some Liue. An opinion appears Lo Le held that
holding a charge under agitation in this way is a disadvantage and that
by so doing, & certain amount of reprecipitatlon of the gold from
solution takes place. As such a procedure zay often be necessary, it
is imperative that the effect of sueh treatwent should be determined.
For this purpose a charge of Golden ilorseshoe ore was sgitated ror
three hours with plain oyanide solution, followed by a further iwo
houra after the addition of cyanogen bromide. After five hours'
treatment, lime was added eguivalent to 2 1b. per ton of ore, the
charge was agitated for a few minutes and saapled. Agitation was
then contimued and the charge saspled at half-hocurly intervals, the
finalesample. taken at 6.5 hours consisting of the residue of the
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The pregnant solution and the residue from each of these samples were
assayed, but the results are ineonclusive and require further confirm—
ation. The result of this test appears Lo indleate that holding the
mun&r agitation for one hour after addition of lime has no

h effect, but that any further delay in filtering the charge results
in an increase in the grade of the residues and a consequent lower
percentage extraction. At the same time, it is possible that the

method dip-sampling the charge may be inaccurate. Therefore, further
confirmation of the results is nacgessary. ,

The conditions and the results of this test are shown below.
EFFECT OF CONFINUED AGITATION AFTER FINAL AIDITION OF LIME.

GOLLE!' HCRSESHOE ORE.

Test 157.
Ireatment Comdibious 31—
Ore, weight, gram 800
Solution ( Volume, c.c. 800
£QlN, per cent. Qe.151
CNBr added, 1lb. per ton i
Agitation btime, hours (Wwith ECn 3
(vith QiBr 2
Ca0 addition, 1lb. per ton 2
Hesults :-
Time, hours 5 p 6 6.5
Pregna.nt- Y.CZ\', per cent. Oe.12 5 O '31 ($8 129 O« 128
Solution ( (iBr, per cent. 0.00 o.oog! 0.0021 0.0016
Ca0, perveent. 0-005 0003 0-034 0.0 5
KCN Consumption, lb. per ton 0.470 0.400 0440 0.
Head Vedu®, dwh. Au per ton 15.2 15.2 152 15.2 \
Hesidue Value, dwh. Au per ton 2.4 2.4 2e4 Fe4
Extraction, per cent. 84.21 84.21 84.21 7763

This test also shows thal regeneration of cyanide takes place
during the rirst half hour's agitation after addition of lime and that
from that time onward a gradual decowmpeeition of the free cyanide takes
place which is accompanied by a gradual decomposition also of the
residual cyanogen bromide, while the protective alkalinity of the
solution remains practiecally constant after the first half dour's
agitation.

The cyanide consumptions shown are based on the rercentaces of
free cgyanide in the solution at each sampling, and show a minimum half
an hour after addition of lime, indieasting that by that time the whole
of the free hydrocyanie acid in the solution has been converted to
alkaline earth oyanide which is then ineluded in the free cyanide determ—
ined in the usual way by titration with silver nitrate solution.
Thereafter, apparently, decomposition of cyanide takes place on continued
agitation, so that from the point of view of the consumption of cyanide,
prolonged agitation after the final addition of liue is a disadvantagze.
The low cyanide and protective alkalil values of the solution immediately
after the addition of lime show that tine must be allowed ¢ for the action
of the udded lime in neutralising free hydro¢yanice acid and for the
solution of the lime. mnalf an hour appears Lo be surficient to obtain
the full effect of the lime, aus the cyunide and protective alkali values
of the solution then reach a maxiiam, the protective alkali from that
Lime omward resaining constant, while the free cyanide gradually decomp~
oses. Thereiore, agitation for half an hour after addition of lime is
necessary and this period should not be excecded.



\;

&
I
|

( 52 )

Confirmation of the result of Test 157 Leing desirable
in order to establish cefinitely the effect of prolonged a_itation
after the final addition of lime, a further test was carried out on a
new sample of Golden Horseslloe ore, assaying 12,4 dwt. ;0lé per ton,
under similar conditions to those adopled in Test 197, Lhe period of agit-

ation be

Of this sample 98.8 per cemt. passed a 200-nesh screen.
and the result of this test are shown in the following table. :

EFFECT OF CONT INUED AGITATION AFTER FINAL ADDITION COF

ing still . further prolonged alter the {inal addition of lime.

The condilions

JJI:‘.EO

Golden lHorseshoe Ore = 12.4 dwt AU per ton.

1EST 128.

irestuwent cénditions:

- Resulls:

Ore charge
Barren solution.EVolmne

KCN, X
GBr added ’
Agitfation timeih’it.h KN

with QiBr

1200 ram
1200 ce.ce

Oe 151

1 1b. per ton
3 hours

2 hours

Ca0 added after five hours, 2 1b. per ton.

Time, hours

Pregnant( KCN, per cent.

solution| QiBr, per cent.
Ca0, per cente.

5 .
00071 0.122 0. 125
0.00068 0.0031
agid 0.013

5e5 6 be
0. 12

0.0010|0.0008
0.013 0.014

1 75
0.122 0.122
0.0008 0.0006
0.014 0.012

KCN Consumpbion, lb.per ton 1.6 0«58 0.52° |0.52 0«58 |0.58
Residue walue, dwbt. Au per

ton 1.2 le2 1.2 1.2 28 .2
Extract.ion, per cent. 89.8 | 8%.8 898 8948 774 4e2

The sample taken at {ive hours was removed before adding

low percentage of gyanide.

.the lime and the filtrate from the sample showed an acid reaction and a
¥hen, however, the filtrate was made

alkaline by adding lime water and the c¢yanide content was determined
imsediately, it was found that the cgyanide content had inecreased to

0. 11Y per cent., show

ing that free hydrocyanic acid had previously been

present, and reducing the actual eyanide consumption to 0.72 1b. per ton.

ihe results show that the free cyanide content of the sol-
ution inereases during the first hour « ter the addition of lime,
remains constant for half an hour and then diminishes agalin. ‘he
protechbive alkalinity, as in Test 157, reaches a practically wvonstant

value after half an hour's ¢
residue remains constant unt

takes place after that tine.

of c¢yanide.

tation with the lime.

The value of the

one and 2 half hours after the a@dition
of lime and then inereases, indicating that reprecipitation of the gold
Ihe cyanide conswoption reaches a
minioum one hour after addition of lime and aain increases after one
and a half hour's agitalion with lime, owing probably to decomposition

In order to confirm the effect of the addition of lime
at the beginning of the treatment, a further series of tesits was carried
out on the new sawple of Golden Horseshoe ore under simlilar conditions

to those obt
in the following

in Tests 149, 150, 152 and 153.
able, confirm Lhe coneclusions arrived at from the

The results, shown

results of the previous series of tests, that although the consumption
of cyanide is thereby considerably diminished the extraction of gold

is also affected in the same way.

These results all point to the fact

that during bromocgyanidation the protective alkalinity of the solution
must be carefully controlled and that the best results are obtained when
the protective alkalinity of the solution is maintained at.a minimum

or when the solution is slightly aeid.
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EFFECI OF INITIAL ADDITION OF LINME.

Golden Horseshoe Ore.

I

Test No. 159 160 161 162
Ore, weight, gram 200 200 200 200
Barren solution éVolme. CeCe 200 200 200 200
| KCN, per cent. 0«151 | 0el51  0.151 | 0,151
CNBr added, 1b. per ton i i i 1
Aghtation tiue, hours é'-".'ihh KON 2 2 3 g

f with CNBr i 1

Ca0 additions, 1b. per ton Elnitial 2 2 2 2

! Final 2 2 2 2
Pregnant solution (KQN, per cent. 0e 137 C. 137 0.122 0.126
| QiBr, per cent. | 0.0015 0.0010 0.0010 0.0010
| 60, per cente  0.029° 0.026 0.035 0.021
KQ! Consumption, 1b. per ton 0.28 0.28 0+58 0. 50
ead vadee, dwb. Au per ton 12.4 12.4 12.4 12.4
Residue m. éwb. Au per ton 248 3'5 2¢5 2e8
Extraction, per cent. 7742 70597 '16.&1 7742

ihese testl also show that the consusplion of cyanide
is increased by the longer period of agltation and that there is no
appreciable increase in Lhe percentace extraction during the longer
period of treatment. This confirus the results of previous tests on

this,ore in whieh tLreatment was carried out for threc and five hour
periods.

For the purpose of determining the effect of the
introduction of analgamation before the bromocyanidation, a sample, :
assaying 12.6 awt. gold per ton, was amslganated during grinding, to
furnish a sanple for eyanicdation. The ore after amalgamation assayed
1+7 dwt. gold per ton, showing an extraction of 5.1 cwt. gold per ton,
or 39.48 per cent. of the gold. Evidently, a comparatively large
proportion of the ‘c{°1d in this saaple of ore is present in the free
state and is readily .ecovered by asslgamation during fine ;rinding.
Tests were carried out on this sample under conditions smfa.r to those
of Tests 142, 143, and 144, Sinee it had previously been found that
it was inadvisable to extend the total time of treatuent beyond three
hours, Lhese tests were carried out for that period. Two bromogyanid~
ation tests and one test using plain gyanide were carried out side by

side for the purpose of obtalning comparat ive results by the two methods.

The results of these tests are shown in the following table.
EFFECT OF AMALGAMATION BEFORE CYANIDAT I0N.

Golden Horseshoe Ore.

Test No.

163 164 i85
Ore, weight, gram 200 200 200
Barren solution, (Volume, c.c. 200 200 200
CNBr added, 1b. per ton ¢ 1 1
Agitation time, hours Eu-‘f-it.h KN 3 2 2
' With QiBr - i 1
Cal additions, 1b. per ton EIniti&l o 0 0
Pregnan gp-n- g 215 | - o308 021025
t solution, KN, per cent. Ce s Qe 10 .
G"IBI', Per Oﬂntﬂo - 0-0042 010032
Ca0, per cent. 0.015 0003 0.010
KCN Consumption, 1b. per ton Ce 59 1.00 0.97
Head ws3ue after amalgn., dwt. s per ton Z.'} 7.;. Z.
Residue vaiuwe, dwiL. Au per ton «15 le )
Extraction, per cent. 72.08 80.52 80. 52
Total Extractions. ‘
By Amal tion, per cent. 39.84 39.84 | 39.84
By Wmion, per cent. 43.36 | 48.44 | 48.44
lTotal, per cent. 83.20 8R.28 88-28

LY
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In comparison with that of most other similar tests, the

oonsmxat-im of cyanide in these tests is exgeptionally high, and,
oonsc ntly, duplicates of Tests 164 and 165 have been carried out, and,

tion, similar tests have been carried out on the amalgamated
pebble mill product for the longer agitation period of five hours with
plain cyanide and of three hours with plain cyanide and a subseguent
two hours after addition of one pound of eyanogen bromide per ton. In
all these tests on amalganeted ore, lime has been added only at the
completion of the sgitation period in order to keep the solution a.s low
in protective alkalinity during the brouoceyanidation as possible
this condition tends Lo yield Lhe Righaet txhrasbimm. Tests 164 and 167.
which are duplicates of Tests 164 and 125. confirm Lhe results of those
tests as regards the high consumption of cyanide, whiech appears to be
higher in the treatment of amalgamated ore than of rew ore, and also
higher, as might be expected, when no lime is added at the commencement
of agitation, although tation with an acid solution or one possessing
only slight protective alkalinity appears to result in higher extraction
than when the solution is maintained alkaline by addit,ion of lime at the
comnencement of the treatment. The lower extraction in an alkaline
solution is in this case, no doubt, due Lo the more rapid decomposition
of cyanogen bromide which is more stable in aeid or neutral than in
alkaline solution. The longer period of a_sita.taion. both with and
without cyanogen bromide, appreciably increases the consumption of
eyanide.

The resulis of this series of tests are shown in the fol-
10'&!1!]&',‘ t.able.

E7ECT OF AMALGAMATION BEFORE CYARIDATICN.

Golden Horseshoe Ore.

Test No. . 166 167 168 169 i70
Ore, weight, 200 200 200 200 200
Ba.rren solut.ion (Volume. CeCa 200 200 200 200 200
(KQi, per cent. ©0.149 0.149 0.149 0.149 | 0.149
@IB&' add.ed’ 1be per ton i i - 1 1
Agitation time, hours 2 With EQN 2 2 p 3 g
¥ith QiBr i 1 - 2
Ca0 added, 1b. per ton, final 2 2 2 2 2
Prw solution (KCN, per cent. 0-099 00098 0.1115 0.090 0.088
Qiir, per cent.0.0021 0.0031 - 0.0016 0.0016
Ca0, per cent. 0.006 0.008 0.011 0.009 0.008
KCN Consumption, 1lb. per ton 1.02 ;5 1.17 1.
ead vadue, dwt. An per ton ; z_, Z o] 7 l.']
Residue vaiue, dwl. Au per ton o3
Extraction, per cent. 67.53 68.83 48 65 71.43 70.13
Total Extractions, per cent.
By amalgamation 39.84 39,84 735.804 ;,84 39.84
|By mdatticn 062 41.40 ?0 420? 42. 18
Total X 80.46 81.24 | 68. 82.79 @ 82.02

As in previous tests under similar conditions, the
eonsusption of eyanide- is high, and the extraction,by cyanidationm is
lower than in the previous tests, there being practically no difference
between the extractions obtained in the different periods of iLreatment.
These tests on amalgamnated ore lead to the conelusion that no advantage
is gained by amlgmtion before cyanidation in the case of this ore,
and that tha.h treatment is only advisable when the ore contains gold
which is too coarse Lo be dissolved in gyanide sclution within a
reascnable Lime.

For,the purpcse of ascort.ainiﬁ the effect of adding
eyanogen bromide in two equal portions at equal intervals of Llme, Tesls
171 = 174 have been carried ocut on Golden Horseshoe pebble mill product,
in which two half-pound additions of cyanogen bromide were made at the
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comuencement of and midway through the respective periods of agitation
with that reagent. lime was added only on completion of the agitation,
and consecuently, the consurnplion of cyanide wgs in each case comparatively
high, although similar to that in Tests 143, 144, 146, and 147, which were
carried oul under similar conditions, except that the whole of the
gyanogen bromlde was added at once. The resulis of these tests are

showp in the following lLable.

EFFECT OF ALDITION OF CYAIOGEN BROLIUE AT E(UAL INTERVALS.

Golden lorseshoe Ore - Assay value, 12.4 dwt. Au per ton.

Treatment conditions : Pulp ratio, Tt 11

Barren solution, KCN per cent. 0.149
CNBr added, 1 1b. per ton
‘ Ca0 added al, end of test, 2 1b. per ton
Test llo. ‘ 171 172 173 174
Agitation tiwe, hours éw1th ECH 2 2 g 3
d with CNBr i a 2
Pregnant solution, (KCN, per cent. 0.105 0.105 0.096 0.03;
(NBr, per cent. 0.0053 0.0023 0.0016 0.0021
Ca0, per cent. 0.005  0.00 0.005 0.008
KCN Consuxption, 1b. per ton " | Q.88 0.88 1.06 1.04
Residue m’ dwbt. Au per Lon 207 3-2 107 2.0
Extraction, per cemt. 78.22 | 74419 | 86.29 '83.87

On accourt of the high consumption of eyanide and the
comparatively low extraclion obtained in the treatument of Golden Horseshoe
ore after amalgamaiion, Tests 163 - 170, a second series of tests was
carried out on a new sample of the same ore, amalgamated during fine
grinding in the pebble mills, in which two different periods of treatment
were adopted and trealment took place with and without the addition of
lime at the commencement of the agitation. When no lise was added abt the
comuencement of the treatment, the consunption of eyanide was appreciably
higher than when lime was initially added, while in either case the
consumption of cyanide was high when compared with that usually found in
the treatment of the same ore withoul previous asalgamatione.

This sauple of ore assayed before amalgamstion 18.2 dwbe.
gold per ton, and after amalgamation 16.0 dwb. gold per ton, showing an
extraction by amalgamation of 12.14 per cent. of the gold. The extraction
by eymmidation and bromogyanidation was in all cases higher when no initial
lime was added than when such addition was made, and there was no apprec—
iable difference between the results obtained by inereasing the agitatien

riod with plain oyanide from two to three hours and with gyunogen
romide from one to two hours. The results show conclusively that
treatuent with cyanogen bromide the protective alkalinily of the solution
should be kept as low as possible on account of the destruetive action
of the alkall on cyanogen bromide. The resulis of this series of tesis
are shown in the following table.

EPFECT COF AMALGAMATION BEFORE 'CYANIDATICON.

Golden liorseshoe Ore — Before amalgamation, 18.2 dwt. Au per ton
After amalgamation, 16.0 dwt. Au per ton
Extraction by amalgn. 2.2 dwte. Au per ton
= 12.14 per cent.
Treatment conditions: ulp ratio, 1 : 1
Barren solution, ¥(i, per cent., 0. 151
ChBr added, 1 1b. per ton

Test No. 175 | 126 177 178 179 180 @ 181 182
Agitation( XKCN 2 2 3 g 3 3 g
time, hr Br | 1 i i i ‘ 2

Cal t - -~ 2 2 - - 2 2
addition(Final 2 2 2 2 2 2 2 2
E;féygnt KQly 7 0106 0.104 | Ge117| 0.122| 0106 0.104 0-115 0.115
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Test No. 75 176 177 17 179 180 181 . 182

Pregnant (CNBr, o.ooao.oozo.ooze 0.00520.00400.00360.0024 0.0028
y ::2 -+

Ca0y, I  0.005 0. -002 0.055 0.006 0.007 0.046 0.033
KCN Comsumption,

EFFECT OF AMALGAMATION BEFORE CYANIDATICN (continued).
| 178

1b. per ton 0.90 [0.94 |Cel4 (0.58 0.90 0.94 0.70 [0.72
Resicue, dwt/ton 1.9 1.8 .6 2.8 1.8 1.8 [3.2 -
Extraction, 88.12 88475 (77-.950 382.50 83.75 BS.75 80.00 79.37

) Total Extractions.

gg a.mlgggtiion _}g] 14 -}g 1«2; g 14 12.14 12.14 12.14 12.14 é:z.m
‘ cyani: on - -0 ol TJ25 76.02 78 70, Je]8
Total 89.61 90.16 ao.a%l 84.067 904,16 90. 1 182.2 s?.;z

: ‘ The results of these tests draw attention Lo the fact
thal in the treatment of a comparatively high grade ore amalgamation
tends Lo give an increased extraction amd that no advantage is zained by
inecreasing the total cyanidation time Irom three to five hours. The
effect of the initial addition of lime on the extraction of gold is
very marked, confirming the cenclusion, previously arrived at s bthat
mr;l&vinbromwmdation the protective alkalinity of the solution must
be tained as low as possible, alth this treatment condition
causes an increased consumption of cyanide during treatment. Therefore,
two conflicting conditions have to be considered, namely, whether to
sacrifice extraction for cyanide consumption, or viee versa. AS,
however, the consunption ef cyanide seldom exceeds one pound per ton
when no lime is added initially and the reduction in consumption due to
such addition is comparatively small and more than compensated for by
the increased extraction resulting from the treatment with a minimum of
protective alkalinity, it is evident that it is more economiecal to
secure the increased extraction of gold ab the expense even of half a
pound of cgyanide per ton of ore, rather than te sacrifice the extraction
for the sake of a lower cgyanide consumption. Although a ninety per
cent. extraction may reasonably be expected under the conditions set out
in the table when no initial addition of lime is made, the final
residue irom the relatively high grade ore is too high. AL the same
time the short tiuc of treatwent has to be taken intc account with its
comparatively suall cost and increased capaeity of plant, whieh are
oonsichiatioz;s that will probably more than compensate for the loss in
the residues.

Since the results of Tesbts 171 = 174, in whieh cyznogen
bromlde was added to the pulp al intervals were inconclusive, further
tesls were carried oult on the same product under similar conditions,
but at the sau® tine couparative tests were carried out Lo determine
also the effect of the initial addition of lime on the results by this
method of adding Lhe cyanogen bromide. These tests confimm the
conclusions previously arrived at regarding the inadvisability of adding
line at the coumencement of the treatgpemt, as in all tests where this
was done, the extraction of gold was less than when no lime was initially
added, although this addition of lime resulted in a considerable decrease
in the consuaption of cyanide. This sample of ore was not previously
amalgasated and it appears that by adding the eyanogen bromide at
intervals and by prolonging the tine of treatment to five hours, ninety
per cent. extraction can be obtained without amalgamation and with the
production also of a residue of reasonably low grade. In these pests
the c¢yanogen bromlde was added in two equal portions of 0.5 1lb. per ton
of ore; in Tests 183 - 186 the additions were made at intervals of half
an hour and in Tests 187 - 190 at intervals of one hour. The pregnant
solutions from all these tests contained more cyanogen bromide than was
expected, indicating that in all probabilily the tise of treatment after
the second addition was too short. The resulis of these Lests are
shown in the following table.
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EFFECC OF ADDITION OF CYANOGEN DBROMIDE AT INTERVALS.

Golden Horseshoe Ore, Assay value - 12.4 dwt. Au per ton.

Treatmeny conditions : Pulp ratio, 1 : 1.
Barren solution, 0.151 per cent. EKQi.
Gyanogen bromide added, 1 1b. per ton.

Test No. 183 | 184 185 @ 186 187 188 189 190
tation iwith Kew | 27 | 2 2 2 3 3 3 3
time, hrs.(with QiEr 1 1 1 1 2 2 2
Ca0 added ilnit.inl - - 2 2 - - 2 2
1b. per ton(final 2 2 | @ 2 2 2 2 2
b (KEQN, % 0e112 0117 00135 0137 0ei1l 0.109 06141 0.142
solution( CliBr, ; 0+010 0.0088 0.004 0.004 0.0048 0.0048 0.006 0.0056
Cals 4 0.001 0,002 0.026 0.026 0,001 0.002 0.019 ©.015
KCN Consumption,
.1b0 peI‘ ton 0078 0.68 0.32 Q.26 0«80 O.54 Ce20 Ue18
Residue w=iue,
*‘MO Au per ton 20 1.8 j01 405 le2 1.2 l.f} 2.7
EBExtraction, per |
cent . 8387 85048 | 7500 63671 9032 G0e32 85448 7T8.22

) For the purpose of demonstrating the accelerating action of
cyanoygen bromide on Lhe solution of the gold during short periods of
agitation, and also to furnish a comparison between the resulis obitainable
by treatment with plain eyanide solution for periods of time varying from
two hours up Lo five hours, the maximum tine adopted in the bromocyanide
tests, a series of tLests was cearried gut on Colden Horseshoe ore prepared
in the usual way, in which cyanide alone was used for treatwent with and
without the addition of lime at the comuwencement of the treatment.

Except in tLhe case of Lhe two-hour agitation period, the extraction was in
each case higher when line was added at the comencement of the agitation .
period, due, no doubl, to the protective action of the alkali preventing
decomposition of the cyanide during treatment and thus increasing the
solvent strength of the solution. In each test where liue was added, Lhe
consunption of cyanide was comparatively low, while in the othervtests.
the consuuplion vwas very consicderably increased. The pregnant solutions
in the former Lests showed protective alkalinity, while in the lattler .
tests the solulions were acid to phenolphthalein and the solution contained
iree hydrocyanie aeid; in the latter tests the free cyanide content of
the pregnant solutions was determined before and after neutralisation of
the free acid with lime, so thal two values for the cyanide content are
shown in the results of these tests. The lower cyanide value represents
the actual alkaline cyanide content after ireatment, while the higher
value, obtained after neulralisation of the free hydrocyanic acid by means
of liue water, represents the sum of the free cyanide and hydrocyanie
acld expressed in terms of potassiua ecyanide. Conseqguently, alsc, Lwo
values are given for the ¢yanide consusption, based on the itwe values of
the gyanide strength of the pregnant solutlon. the c¢yanide consuipbion
ealculated on the ECN + HQN content of the solution is the practical value
since, in practice, it would be necessary to neutralise Lhe acidity with
lime in order to secure efficient precipitation of the gold. In no case,
however, does Lhe cyanide content of the solution after neutralisation
approach that of Lhe sclutlon resulling from the similar treatment with
initial addition of limne, showing that in the absence of protective
alkalinity, decomposition of the cyanide takes place with the production
of compounds from which alkaline cgyanide cau not be regenerated by the
subsequent addition of lime. That is to say, the initial addition of
lime exerts a protective influence on the ¢yanide during treatwent and
therefore the concentration of the solution is belter maintained throughout
the treatment period, with a consequent increase in the effieiency of the
solution as a solvent of the gold. In those tests in which the pregnant
solution was acid, the acidity has been expressed as negative alkalinity
and the amount of acidity lis shown im terms of the percentage of liue
necessary to neutralise this acidity.
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: This series of tests shows that even in the comparatively short
agitation period of five hours, the extraction of gold by plain cyanide
sclution is quite high, but when the results of these tests are cowpared
with those of similar tests in whiech cyanogen bromide was added and in
which the total time of agitation with gyanide and cyanogen bromide was
the same as the tiue of agitation with plain cyanide in this series, the
aceelerating action of the cyanogen bromide on the dissolving action of
the potassium cyanide is clearly shown.

The results of this series of tests are shown in the following

table.
EFFECT OF THEATMENT WITH CYANIDE ALOQNE.
Golden Horseshoe Ore, Assay value — .75 dwbe Au per lon.
Ireatment conditions : fulp ratio, 1 : 1.
Barren scolution, 0.151 per cente.
KCNe
i y
Test No. 191 192 193 194 195 196 197 198
Agitation tiue, hrs. P P 3 3 4 4 5 3
|Initial addition of
Cal , 1b. per toré ~n P d 2 e 2 - 2
t (KQi, /04107 0.142 0.1025 0.139 0.107 0.131 C.104 0. 136
solution (KCQ+HQI, / 0.120 - Qe 121 -  Qel21 = C.121 =
caC, / ~0.009) 0.009 =0.0085 0.015=0.012 0.012 =0.043 0.015
Consumption(Ap arent 0.88 - 0.97 = 0.88 | = 0.94 -
of KQi, 1b. ‘
per ton actual = 050 0.18  0e60 0.24 0.60 0.40 0.60 0.30
Residue esdme, dwt.

A t .8 6.8 .8 2 .6 . 4,8 4,2
ﬁtﬁgugg, per cent. 20.51 30625 20.51 2'6.66 Zz.oﬁzilmo.n 56.92

To obtain informabion regarding the ress of extraction of
the gold during varying times of tLreatmwent with Loth cyanide and cyanogen
brmei-de and at the same time to determine the effect of initial addition
of lime, a series of tLests was carried oul in which agitatlon with cyanide
alone was conbinued for twe, three, and four hours, while, alter addition
of 1 1b. cyanogen bromide per ton of ore, agitation was contimied for one,
two, and two hours, respectively. These tests were carried cut in pairs,
one of each pair having no initial addition of lime, lhe olher having
two pounds of lime added per ton of ore at the commuencement of the
agitation. No lime was added at the completion of the treatment so as
to make it possible to determine whether at the end of the period the
soluticn was alkaline or acide. where no lise was added at the comuence-
ment of the agitation, the solution showed acidity at cach sampling time,
whereas, when lilwe was added, the solution showed alkelinity in spite of
the acidity of the stock gyanogen bromide solulion. Samples of the
charges were taken in each case at the end of the period of agitation
with plain oyanide solution and also one and two hours after the addition
of cyanogen bromide.

The results of this series are shown in the following table.
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:

PROGRESS OF EXTRACIION WITH CYANILE AND CYANOGEN - BROMIDE.
Golden liosseshoe Ore, Assay value = 9.75 dwh. Au per ton.

, Treatment conditions : Fulp ratio, 1 : 1.
f Barren solution, 0+151 per cent. H}..
A 1 ClBr added, 1 1b. per ton of ore.

J Test No. 199 200 201 @ 202 203 204
| Agitation time, hrs.(With KN 2 2 3 3 4~ 4
with CNBr 1 1 2 2 2 2
Initial Ca0 addition, 1lb. per
F'-O{l - 2 ~ 2 - 2
A" Sample, after agitation
for 2hr, 2 hr. 2 hr, 2 hr. 2 hre 2 hre
| Pregnant solution (KCH, O0e115 04142 0.106 0,136 0.093 | 0125
§ KQWHQT, 7 | Ce13) -~ 0.120 = 0. 11 -
Ca0, % ~0.011  0.016~0.009 0.015 =0.012 0.030
KCN Gonsumption, 1b. per ton

-: Apparent 0.2 g“; .16 -

-b { Actual Oe24 0.18 Oe 0.20 0«72 | GC.56
Residue vadwe, dwbt. Au per ton 4.4 4.6 9 Fed 2.8
Extraction, per cent. 54.87 | 52.82 60.00 01.07 5e 12 | 5102

“ *B" Sample, after agitation

[ for 3 hre | 3 hre 4 hre |4 hre| 5 . | 5 hrs
Pregnant solution (KQi, |, 0089 | Q. 135 0.07‘5 0.1)'5 0.075 0.1i0

"} C;. -uCL, ’” 0011 b 00‘ 0009’ —
{ (Cal, , -0.0 14 0.010-0,032 0.005 -0. 02 0.005

Bl {G Br' F e 00009 0.005 0.011 | -009 0.000 0-007
‘KG\ Conswcption, éApparent 1.24 - 1.@ 1.52 -
1b. per ton Aetual 0.68 0.32 Qs 0.32 1.16 | 0.82
Residue ws3iue, dwbe Au per ton 145 1.8 1.0 2.0 0.8 1.8
thra.o&ion, per cent. 8399 B1.33 89.73 79.48 91.79 | 81.53
g Sauple, after agitation

. for 5 hre 5 hre. 6 hre 6 hr.

‘; Pl'egmnt. solution (KQi, 7 0.072 0.130 0.072 0.112

K.CH mm, ] Oe1i0 = 0.093

Cal, ; ' "0-025 0.005 -(0.020 000025
ZG‘Br. 0.010 0.009 0.006 0.005
KON Oonmmption,ihpp&rent 1.58 ' 198 -
1b. per ton Actual 0.82 0.42 1.16  0.78
Residue wedusy dwte. Au per ton 1.0 2.0 e’ 2.0 |
Extraction, per cent. 89«73 J9:48 92.82 79.48

In stating the resulls of Lhese tests the sane method of
deltermination and expression of ,the freec cyanide and hydrogyanic acid
eontent and alkalinity and acidity of the solution has been adopted as in
Tests 191 - 196, while the cyanide consumptions shown are progressive
totals.

These tests show again the advantage, from the point of view
of gold extracltion, obtained by carrying out the treatment in a pulp
which, at the completion of the Lreatment, shows slight acidily instead
of protective alkalinity and that regener at.ion of free cyanide by
neutralisation of the hydrocyanie acid by means of lime, as is necessary
in practice before precipitation, reduces the gyanide consuaption to &
reasonable figure.

With this ore, increasing the Lime of iLreatment from three hours
with KQl and one hour with cyanogen bromide to four hours with KQU and
one hour with CiBr gives such a slight increase in extraction thal treat—
ment {or the longer period is not necessary, although in practice the
exigencies of plant control may necessitale irealment beling contlmed for
longer periods until the agitation charge wan be seht to filtration, in
which case the increased extraction will be obtained at the expense of
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a somevhat increased gyanide consumption.

In order to determine the effeet of 2 long a itation with cyanide

alone and the increased extraction due to the addition of gyanogen bromide

; subsequent to the long agitation with cyanide, twoe tests have been carried
7 out on Golden Horseshoe ore in which sagitation with 0151 per cent. KQU

sclution, with and without initial addition of lime, was continued for ,

- forty eight hours, alter which one pound of cyanogen bromide per ton of ore

was added Lo each charge and agitation continued each case for four
hours. Sampling of the charge was performed after 48, 50 and 52 hours'
itation, and no final addition of line was made to the charges so that
acidity of ithe resulting solutions might be determined.

The treatment conditions and the results of Lhese iwo tests are
shown in the following table and bear out the conclusicn, previously
arrived at, that initial addition of lime hes a hamaful ef.ect on the gold
exbracltion when cyanogen bromide is used, although it results in an
appreciable reduction in the c¢yanide consumption.

EFFECT OF 1ONG AGITATION WITH EM

BEFORE ADUITICN OF (hBr.

- Golden ilorseshoe (re, Assay value — 9.75 dwb. Au per ton.

Treatment conditions : Fulp ratio, 1 : 1.
Barren scolution, 0.151 per cent. K(li.
(iBr added, 1 1lb. per ton of ore.
Agltation time, with KCH, 45 hours.

: " with CNBr, 4 hours.
Charges saupled after 48, 50, and 52 hours.
| |

Test lo. 205 206
(Initial addition of Ca0, lb. per ton - 2
i 48-hour Sample, KCN trealment alone
|
Pregnant solution, ( KCN, per cent. 0.06 C.109
KCN4IICN, per cent. . 0.07 -
J Ca0, per cent. ~-0.002 0.004
,; KQi Consumption, 1lb. per ton ( Apparent 1.;6 -
| ' Actual 152 0.84
Residue vadwe, dwi. Au per ton 3.0 2.2
E Extraction, per cent. 69.23 743
: 20-hour Sample, 48 hours KQN, 2 hours QIfr
: Pregnant solution, 4( ¥, per cent. 0.048 0.107
: KCN+HON, per cent. | 0.068 -
: | E Ca0, per cent. -0.016 0.001
'}3 CNBr, per cent. 0.0296 0.0104
| EQi Consucption, 1b. per ton é Apparent 0.30 -
: for two-hour pericd Actual . 14 0.04
* Residue esdue, dwt. Au per ton 1.0 1.0
Extraction, per cent. 89.74 89.74
92-hour Sample, 48 hours K, 4 hours CliBr
Pregnant solution, ( KCi, r cent. 0.025 0. 100
KCEIHi%e;, per cente. 0.053 0.112
Ca0, per cent. -0.028 -0.015
QiBr, per cont. 0.016 0.0016
KEQi Consumption, 1lbe per ton ( Apparent Ce40 0.14"
for two-hour pericd Actual 0.0 -0+ 10{zain)
Residue vadue, dwl. Au per ton Cal w ﬁj.b
Extractlion, per cenbe. 93«84 8974
otal KQ! Consumption, 1b. per ton E Apparent 2.40 -
. Actual 1.96 ' 0.78

These tests furnish the following iuportant resultis
1. Prolonged agitation with plain cyanide solution yields a comparatively
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high percentage extraction of gold in both cases. ;

The consumption of cyanide after forty eight hours' agitation with
plain gyanide solution is very high in both tests.

The consumption of cyanide after forty eight hours' agitation with

plain cyanide solution is hijher in the absence of proteclive alkalinity
than when the resulting solution shows a trace of alkalinity.

When no lime is added at the commencement of the treatment, the scolution
shows aeldity after forty eight hours' agitation with plain gyanicde
solution.

luring the first two hours’ asgitatlon after addition of eyenogen bromide

‘the decomposition of that reagent is such grealer in the alkaline pulp

than in the slightly acid pulp, this being due to the decomposing
acticn of alkalies on cyanogen bromide.

The first two hours' agitation after the addition of cyanogen bromide
results in an increased extraction of over twenly per cent. of the goldes
Du 7 the second perlof of two hours after the addition of gyanogen
bromide the decomposition of Lhal reagent is much more rapid in the
alkaline pulp than in the acid pulp.

In consequence oi the slower decomposition of eyanogen bromide in an
acid pulp, its solvemt action is jreater than in the alkaline pulp and
therefore the extraction is higher in the acid than in the alkaline

Do
In the alkaline pulp no inerease in extraction is obtained during the
sceond two hour period of agitabion after addition of eyanogen bromide.
In the aclid pulp the increase in exbraction durine the latter half of
the period of agitation with cyanogen bramide is very much iess than
during the first half of the period. _

The actual consumption of cyanide during the perilod of azitation with
cyanogen bLromlide is comparatively 1ow,n!50t.h in alakline and in acid
pulp, the former showirng an extresely low consumption of eyanide.

The greater portion of the gyanide consumption takes place during the
periofl of gzitabion with plain cyanide solution. .

EFFECE OF STRONG  CYANIDE SOLUT ION.

In a previous series of Tesits, Nos. 50 = 55, it was found
that increasing the concentration of the eyanide solution frow 0.15 per
cent Lo 0.2 and 0.25 per cent KCN resulted in a dicinished extraction of &k
the gold. Further information being necessary on this point, in order
to determine the maximum effective concentration of eyanide solution for
the treatment of ores of average grade and to ascertain whether the
information previously obta was reliable, series of tests have been
carried cut on Colden Howseshoe ore in which a 0.2 per cent. ecymide
solution was employed. Simultaneously with these tests and included in
the series, tests huve been carried out in which all cther treatment
eonditions except addition of cyanogen bromide have been the same as in
the bromocyanide tests. These have been carried out to determine phe
extraction obtained by plain cyanide solution under siwilar conditions
to those obtaining in the bromocyunide tests, and Lo show the accelerating
action of cyanogen Lromide on the solution of the gold. In the bromo-
cyanide tesis one pound of cyanogen bromide per ton of ore has been added
after two and three hours' azitation with the cyanide solution zlone
and the sgitation continued subsequently for a further period of one
and two hours, respectively. In this series, duplicate tLests have been
run, with and without initial addition of lime, in order to determine the
effect on extraction tnd cyanide consumption, while no lime hasy¢ been added
at Lhe end of the agitation perioed so that the actual condition of the
eyanide solution after treabment might be delermined. As in previous
tests with C. 1) per cenb. cyanide solution, the consumption of gyunide is

. materially affected by Lhe addition or non-additicn of lize at Lhe

beginuing of the treaiment, a saving of 0.5 lb. or more of KQ! per ton of
ore being brought cbout by adding 2 1b. 80 per ton of ore at the
comiencement of the treatment, although in the case of the Lromwocyanide
tests the extraction of gold is greatly dininished by the initial addition
of liue, due, mo doubt, to the decomposition of the cyanogen bromide by

the caustie-alkali greatly diminishing the effective amount of eyanocen
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SUMMARY (F EFIBCI OF CYANIDER SCLUTIONS OF VARYING CONCENTRATIONS. N
‘ |
Cyanide along Granide and Cysnogen Bromide |

I I

No initial llme

|
| Initial lime

_No initial 1ime | Initisl lime |

___EQi, per cent. ECN, per cent. KCN, per cent.

KGNQ Egr cent «

. 1
0.099”0.14& Qe 198 04099 Ce 148 04 158 0.099 O, 148 Ue 198 0099 0. 148 0199 !
| i A ' . ; i | |

1 | | Three hours' treatment. |
Test No. : 219 | 235 | 207 | 220 (236 | 208 | 221 | 222 | 231 | 239 | 209 | 210 | 223 | 224 | 232 | 240 | 211 | 212
| ‘ ) | I ‘ | i . |
g:baidue. ' ' :
m | |
{ er ton | 965 | 605 | BeB | Te2 | Te2 | TeB | 266 | 242 | 242 | 1.3 | 148 | 16 | 6.6 | 56 546 | 4.7 | 64 | GaB :;
raction \ ‘ ' , i
per cerb. [14e41 42434(20.72(350 13 (352173 33433 7657 60.18/ 80418 88428 (83478 |85458 40454 47455 49455 57+65 42.34 138473 :ﬁ
Consump~
tion of |
KGN, 1b. | PR
per ton | 0.36| Q.44 0.70| 018 016 0422 0466 0.78 0s64 0468 1,10 1,14 0418 Cal6 0.10 0a28 0,42 0.56
‘ | | Five hours' treatuent. |
Test No. (225 | 237 | 213 | 226 (238 214 | 227 | 228 | 233 | 241 | 215 | 216 | 229 | 230 234 | 242 | 217 | 218
Resldue, |
dwbe. AU J | | - .

PYbon (100 | 7.6 | 648 | Te6 | 648  Te2 | 144 1.5 | 1.2 | 0s7 | 10 | 162 4eG | 4e8 | 4aT | D5e35 D50 4ed
raction | 2 =3 . -~ o g |k o £L O _ars 60
per cent « 9-91 31.53 }8-73}1 053 38.7:- 35-13 87.36 86-48 89, 19 9)069 85.)& 8'}. 1, 5).8) )Jo?,’ 57-0'3 50.00 4,.)) 036

Consump— .

tion of |

K@Y, 1b. | | 2 | _
Bﬂr ton | 0.50 0-?2 0-74 0.20 | 0. 48 Co26 0.80 0078 0.80 | 0«80 | 142D 1. 10 Co24 0.)0 0e22 0420 0.38 0-18
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The results of tiiis cowplete series of tests on the same
sample of ore show that

1. Treatment with cyanide alone gives a low extraction. ¢
2e For ireatment with cyanide alone, a O.148 per cent. cgyanide o A
solution is as efrective as a weaker or a stronger solution, e

although with an increazse in concentration there is usually -
also an inerease in the conswmption of cyanide.

J« Except for the lessened econsumption of cyanlde resulbing
therefrom, practically ne advantage is gained by the additien
of two pounds of line per ton of ore when treating with gyanide
alone.

4. Vhen treating with cyanide and gyanccen bromide, the longer period
of treatment gives slightly higher cxtractions than are obtained |
by the shorter period of tlreatment, irrespective of the concentration
of the ¢yanide soluiion. ;

2+ The addition of suffiecient lime at the comnencement of the
trecatment with eyanide ané eyanogen bromide, so as Lo ensure that
the pregnant sclution shall possess protective alkalinity after
treabmert is complete, always lowers the extraction Lo such an extent
as Lo render the process impracticable. b the sazwe time, this
addition of lime materially lowers the consumption of cyanide, but
not Lo such an extent as to compensate for ithe rewler loass of
i;0ld in the residues. lience. ror successful treatwent with cyanide |
and cyanogen bromide, the Lreatment solution should show no
prolective allkalinity when the treatment period is ended.

6« The longer period of treatment with cyanicde wnd eyanogen bromide,
while sli,;i;htl;,r iricreasing the consunption of gyanide, also gives
3 material increase in exitraction.

7+ 7or trecatment with cysnide and ¢yanogen bromlde, a 0. 148 per cente.
eyanide scluticn yields as good an extraction, if not better, than
either of the cther two solutions, and the cyanide consunption is
fra.ct.ically fic greater Lhan when a 0.09Y per cent. ecyanide solubion

8 usede.

8« The cyanide consumption increases considerably when using the
strong solution for bromoeyanidation.

Y« Under correct treatment conditions, i.e., a 0.148 per cent. cyandde
solution and treatment for a total peried of five hours in a
solution showing no protective alkalinity, an extraction of ninety
per cents of the gold can be expected.

BrFECI OF  AMALGAMATIUN DEFORE BROMO CYANILAT ICH.

Since, in the bromoeyanidation of this ore, it has not been
found possible, under the short period conditions of treatment, to
secure cxlractions exceeding ninely per cent. of the gold, it is
possible that amalganation to extract that portion of the gold whigh
is too coarse to dissolve during the couwparatively short time of
treatment may result in an improved extraction. Te determine whether
amalgasation is necessary in the case of this partieular cre, a sample,
assaying i11.1 dwl. gold per ton, was el pecated during fine crinding
in the pebble mill, the residue after aralgacation assaying 10.1 dwhe.
gold per ton, representing an extracticn of } cwt. gold per ton, or

«01 per cent. Four tests were than carried out on this amalamted
Product under varyins conditions as ré ards Lize of agitation and
alkaliniby, or acidity, of the solution during treatment. The rcsults
of ,these tesls show that Ly eo.bined anal jasation and bromocyanidat ion
under correct solution conditions, is@e, a s8lightly acid solution, a
tolal extracticn of only eiginy I'ive per cent. of the gold is possible
and thal no advantage was gainedy by inereasing the totazl time of ,
treatuent frou three Lo rive hours, although, as wight be expected, the
longer bLiwe of treatment resulted in & higher consunption of ayanide.
Ihe treatuwent conditions and Lhe results of these tests are shown in
bhe folliowing table.
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EFFECC OF AKAIGAMATION DBEFORE PROMOCYAIIDAT ION.

Golden Horseshoe Ore — Assay value: Before amalgamation, 11.1 ﬁ-ﬂ.;{bm
After amalgamation, 10.1 cdwt./ton
ixtraction, 1.0 dwt. Au per ton = 2.01 per cemt.
; Ireatment conditions : Pulp ratio, 1 : 1.
i Cyanide solution, 0.148 per cent. KCi
; CliBr added, 1 1b. per ton of ore.

;Tesb Hoe 250 251 252 253
Initizl Ca0 added, lb. per ton - 2 - 2
\Agitation time, hours(With KON 2 2 g 3
| With CNBr i 1 2
Pregnant solution( KON, per cemt. 0.097 ©.134 | 0.083  0.129
KO+HQ ,per cents 0.107 -~ 0.10 -
kC&iBr. per cent. 0.018 (0.009| 0.018 | 0.C21
_ Ca0, per cent. ~0.0065|0.015 |~0.008 | 0.C14
KQ Consumption (Apparent 1.06 - .34 -
1b. per ton Actual 0.86 0s32 | 0.54 | Q.42
Residue, dwb. au per ton 1.6 4.8 1.0 540
Extraction, per cent. 8416  52.47 84.16 50.49
Extraction by amalgn., per cent. 2.01 Ge01 9eul 0e01
sxtraction by eyanidn., per cemt.  75.57 147.73 75.57 45,94
Total extraction, per cent. 8958 50476 8%9.58 ' 54,95 1
; IL follows, Lherefore, that the cause of the low extraction

i obtained wit n awalgaualion is not practised is not due to the presence
. of slowly dissolving coarse gold, and the cause of the failure to
oblain extractions of over ninety per cent. must be souzht elsewhere.
It therefore becomes a question of ascertaining which particular
goldé-bearing eonstiluent of the ore resists disselution during the
short periods of treatment wibth cyanide and eyanogen bronmide.

It is apparent that , whether amalgamation is or is not
praciised, the maximum extraction obtainable by short treatment with
eyanice and cyanogen bromide is under ninety per cent., md, as
asalgasation does not improve the extraction, it follows that the
low result is due either to inability to dissolve the gold corbined in
: the tellurides or Lo some peculiarity of the intinate association of
. - gold with the pyritc that renders its exbraction impossible without
s resorting to oxidation of the pyrite by roasting and thus liberating
’ the gold from the sulphide. In the course of 2 large number of
f investigations intc the treatument of auriferous pyritiec ores fron
i various parts of Weslern Asustralia it has been found thsit, with two
- exceptions, every ore has beecn readily amenable to direct eyanidation
without ro&sti.m‘i'. The two exceplions have been ore from Wiluna in
which the gold is associated rfor the most part with argenopyrite
(apyroxicately 1| dwte. gold Lo 0.1 per eemt. arsenic), and the Kalgoorlie .
or¢s in whieh the gold occurs in the free state, as tellurides of gold,

| and in intimate assoelation with pyrite. Hence it is reasonable to

: econclude that unless the pyrite cf Kalgoorlie differs radically from

: the pyrite {rom all other parts of the State, the interfering

constituent is not the pyrite but the telluride of old.

SEPARATICN OF TELIUKILE FRUM PIRITE.

When experiuental work on the flotation of the Kalgoorlie
sulpho-telluricde ores was comrenced in this laboratory in 1923 it
was found that a amall guantity of a high grade concentrate could be
readily obtained without rlotation of the whole of the pyrite, but
that unless the whele of Lhe pyrite was also floated it was impossible
Lo obtain a low grade resicdue by flotation. This experimental work
was carried out bLefore Lhe introduction of potassium xanthate as a
flotation reagent, btut, with the euployment of this reagent uwnd
suitable comblnations of oils, sueccessful flotation became possible.
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This possibilily of produc a high grade concentrate
without flotation of the pyrite leads to the conclusion that this
rich concentrate contains the fine free gold the tellurides of

1d occurring in the ore, since tellurides of gold are readily
loated by violent agitation and aeration of the ore pulp, even
without the use of frothers or collecting agents. I, Lherefore, it
be possible, by suitable flotation methods, to remove from the ore
the tellurides, from which il is recognised as beinz impossible to
make a satisfactory extraction of the gold by direct treatment with
eyanide alone without roasting or the use of cyanogen bromide, it is
probable that in this way a large proportion of the gold may be
concentrated in a swall quantity of rich telluride concentrate to be
subsequently treated by speclal methods (bromogyanidation or roasting
and coyanidation), and that treatment of the flotation residue by :
:‘zsitatien with plain gyanide solution may yield a satisfactory extractior

i the gold from this portion of the ore, containing pyrite but no
telluride. Flotatlion of tellurides of gold has been shown to be
comparatively easy, while the flotation of pyrite is much more
difficult« AL the same time it is possible, during flotation of
eomplex sulphide ores, Lo prevent, either partially or completely, the
flotation of pyrite by the use of suitable depressants. These
depressants of pyrite apparently prevent the {lotalion of the mineral
by forming, as a resull of chemieal reactions between the depressant
and the pyrite, a film of some oxidation or,other product whiech
renders the sulphide unable to attach itself to the oil film of the
flotation froth. Among Lhe betier lnown reagents used for depressing
pyrite during f{lotation are lime, polassiux or sodium gyanide, and
oxidising agents such as potassiux or sodium dichromate and
peruanganate, all of which appear Lo produce a £ilu of dxide on the
surface of the pyrite grains, whiech preverts their flotation.

In the Iflotation of a gold ore thie use of alkali gyanides

‘as depressants of pyrite is mot advisable on account of the solvent

action that would take place dur the milling and flotation, with
the consequent necessily of preecipitating large cuantities of very
weak cyanlde solution Lo recover the dissolved gold. Therefore some
other inhibitor of flotation of pyrite must be employed which will
serve Lhe same purpose while not exercising a solvent action on the
%old. Of the oxidising agents likely to be of use in this conuection,
he dichromates and permanganates of the alkali metals appear to offer
decided advantages over the cyanides because of their relatively great
oxidising power. It has been found, however, that the addition of
snall quantities of tannie aeid, of the order of a {ew tenths of a
pound per ton of ore, is capable of preventing, more or less completely,
the flotation of pyrite, even when potassiun xanthate is used in
eonjunction with the oils and tannic acid. The action of the tannie
acid in prevent flotation of bthe pyrite may be due Lo

1. Reaction ween the acid and the oil to form esters.

2« Formation of coatings of insocluble tanrates on the surface of

the pyrite.
J« lestruction of xanthate.

In view of the advantage Lhat would appear to accrue if, by
some simple trealment, il were possible to remove for subse
special treatuent the small qua.nt.it.{ of tellurides, and then to obtain
& satisfactory extraction of the ;io d associated with the pyrite by
simple cyanidation, a trial of this method of treatment has been made
for the purpose of securing information whieh might serve as a guide
for future investigation of the possibilities of this wethod of
attacking the probfe;m of the economigal treatment of these ores. .
Direct cyanicdalion tLesis, without the use of gyanosen bromide, on these
ores have shown that exbractions of sixty per cent., and over, of the
£old are possible in this way, so that it is highly probable that the
major portion of ithe gold which is nol extractable by plain cyanide
is contained in the more difficultly attacked tellurides, and that the
increased extraction obtained by the addition of cyanogen bromide af ter
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- agitation with plain eyanide solution is due Lo the action of this
i reagent and the oyanide on the telluride minerals.

f In the preliminary flotation test, details of vhich are
given below, crude eucalyptus oil was used as the collector and
frother, while tamnic acid was used as an inhibitor of the flotation
of pyrite. Flotation was carried out in salt water (5 per cent.
congentration of sodiunm chloride). since it has been a antly proved
that In the flotation of Kalgoorlie ores salt water is necessary for
the production of a clean high grade concentrate and a low grade
residue. The ore was ground dry to pass an 6 mesh I.M.M. screen and
finally ground wet in a pebble mill in salt water with the oil and
tannie acid, the addition of the necessary reagents to the grinding
charge having been found to yield more satisfaclory results than
addition to the flotation machine, This grinding operation produced

froth, instead of having a wetallic appearance, was dark grey and

showed no ;E of pyrite. The removal of froth was conducted so as
iclent concentrate for subsequent assays and determination.

The conditions and the result of this flolation test are as follows -

FLOTATICN OF TELIURIDE.

Flotation charge : Pulp ratio, 1 : Se
mmuﬂ oil, 0«5 1b. per ton
Tannic acid, 0.33 1b. per ton
Salt water, 5 per cent. NaCl.
Flotation time : 2 minutes.

Test _ Head Assay , Weight Assay value  Distribubion,
No. | per — _per cenb.
@wt. Au Sulphur Product cent. dwt. Au Sulphur '
‘per ton per per ton per Gold @ Sulphur
caled)  oent. - eent.
Concentrate 11.08 93.6 2.45 68.36 11.31

243 1541 2.4
o Iiaias Hesidue 88.92 D4 | 2.39 [31.64 88.69

This result shows that it is possible to extract in this way
& large proportion of the gold in the form of a high grade concentrate
without concentration of the pyrite in the froth.

CYANIDATION OF PYRITIC FLOTATIGN RESIIUE.

To determine whether it is possible Lo obtain a high
percentage extraction from this flotation residue by agita ion with
plain eyamide solution, twe prelininary tests were carried out in whieh
the residue was agitated for eighteen hours in a 1 : 1 pulp with a
0. 148 per cent. cyanide solution, with the addition of 4 1b. Ca0 per
ton of ore. The treatment conditions and the results of these tests
are shown in the following table.
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CYANIDATICN OF PYRITIC FLOTATION RESIIDUE.

Treatment conditions : Assay value of residue, 5.4 dwb. Au per ton
Pulp ratio, 1 : 1
Ca0 addition, 4 1b. per ton .
Cyanide solution, 0.148 per cent. ECN
Agitation time, 18 hours.

fl‘eat. Ho. 244 245
Pregnant sclution, ( KCN, per cent. 0« 101 0. 101

, Ca0, per cent. 0.058 0.056

KQU Consumgtion, 1b. per ton 0.90 ' 0.90
lj Ca0 Consumption, lb. per ten 2,84 2.88

Resldue, dwi. Au per ton 1.0 le7]

81448 ' 68452

E _ Extraction, per cent.

The alkalinity of the pregnant sclulion is Loo high and the

‘eonsumption of lime indicates that 3 1b. Ca0 per ton of residue would

be sufficient.
FLOTATION OF TELLURIDE - EFFECT OF DEPRESCANTS.

The effect of difrerent depressants of pyrite was determined
in a further series of tests on Golden Horseshoe ore under the fol
constant conditions, all reagents being added Lo the pebble mill charge
during fine grinding. The resulis are shown in the following table.

FLOTATION (F TELIURIDE.
EFFECT OF DEPRESSANIS.

Flotation conditions : Flotatien pulp ratio, 1 : 3
_ Salt water, 5 per cent. NaCl

Eu us 0il, 0.5 1lb. per ton
Flot .tim, 2 wmimutes.
|Teat.‘ Lepressant llead Assay W., Assay value Distribution,
No. _ ~ per per cenb.
Deseriptn. W.,  dwt. S, Product gent. Au, Sy
‘ 1b. |- Au | per dwt. per Gold Sulphur
Eer per cent. per cent.
: on ton ton
| (cale) .
246 - - 14,05 2.4 Conct. 15.97 62.2 3. <70 21.96
5 Residue 84-8% 4-9 gbgg Zﬂi&j 18-(9)4
‘247 | Potassium |
dichrome 0.5 (14.54 2.4 Concb. 1608 66.4 2.5; 38'45 12.22
6 Residue 83492 4.6 2.3 «55 82.78
248 Tannie 0.33 13.0 2.4 Conct. 14.95 66.4 2.68 6.85 16.27
249 |Lime 1.0 [13.54 | 2.4 Comet. 33.1 31.2 2. 6.28| 28.82
- o Residue «9 34.8 2.5? Z 71. 18

 Exeept when tannie acld was used, the froth was very "wild"
and especially so when lime was used, the froth in this case being quite

ungonirollable, which is shown by the percentace weight and the assay
value of the concentrate.

As the object in these flotation tests was Lo remove the
telluride as completely as possible without at the same time floating
the pyrite, heavy skimuing of the flotation charge was practised, whiech
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accounts for the high percent of concentrate in each test. At
the same time, it was noticeable theat the pyrite showed very little
tendency to float, even when no depressant was employed. The use
of lime as a depressant resulted in the formation of @ uncontrolle
&Eﬁe ri-ot,h, very much lighter in colour than those obtained in the
other Lests.

The concentrates from these flotation tests all gave distinect
reactions for tellurium when tested with sodium amalgam, while a sim—
ilar test applied to the residues, gave in each case a negative
resulb. Therefore, this method of flotation enables a complete

: separation of the telluridesy to be made, with a consequent very
‘ considerable lowering of the grade of the ore.

Sulphur determinations on the products show that the concentrates

- eontain practically the same percentage of sulphur as the original

ore, and consequently ho concenbtration of pyrite in the telluride

concentrale has taken place. The percentage recovery of sulphur

in the concentrates is but little greater than the percentage weight

of the concentrates, except in Test 249, where the percentagze of

concentrate is abnormal owing to the use of lime as a depressant of

the pyrite. lieroscopic examination of the concentrates reveals

the presence of free gold, tellurides and a very small tity of

pyrite, probably floated by entanglement in the telluride frothe

FLOTATION OF TELLURIDES.

Since, in the previous flotation tests for the purpose of
concentrating free jold and tellurides, the quantity of concentrates
was very large in comparison with the anount of telluride present in
the ore, further flotation tests were performed to ascertain whether

. it was possible to obtain a similar concentration with & low grade

l flotab ion residue by taking off a small proportion of concentrate.
For these Lests samples of Roulder Perseverance ore were used, and
in two tests depressants were employed, viz., tannic acid and an
infusion prepared from the leaves of a shriéb which has been locally
used with success for tanning purposes. In a third test no oils
or reagents were used and the frothing of the ore pulp itself,
produced by the violent agltation and aeration in the flotation
machine and by the presence in the ore of considerable quantities of
caleite - a characteristic of the Kalgoorlie ores — was depended
upon to bring & out the necessary flotation of the tellurides. All
three tests showed that it was possible Lo produce a small percentage
of high grade concentrate and thatthe proportion of pyrite that

floated with the concemtrate was largely dependent on the wny“

of concentrate produced, or, in other words, flotab ion of

was due, not Lo any inherent tendency of the pyrite to float but
rather to mechanical inclusion in the flocculated masses of calcite
and tellurides and that the quantity of pyrite floated was very
nearly proportional to the weight of concemtrate removed.

Test 256, in which no reagent other than salt water was used, show
showed practically similar results to those of Test 254 in which
eucalyptus oil was used as a frother and collector and tannie acid
was used as a depressant of pyrite.

The grade of the flotation residues is somewhat higher than in
the previous tests in which a large cuantity of concentrate was
produced, but this is no doubt due to the flotation of less of the
auriferous pyrite.

The flotation conditions and the resultsnof these tests are
shown in the following table.
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FLOTATION OF TELLURIDES.

Flotation conditions : Pulp ratio, 1 : 5.
Salt water, 5 per cent. NaCl.
_ Flotation time, 5 minutes.
Heagents used: Test 254~ Tannie acild, 0.33 1b. per tonj
Bucalyptus oil, C.2 1b. per ton.

U AW'T' rder PR o

Test 2505- Tan liquor, 10 c.c.; Bucalyptus oil,
0e+2 1b. per tone.
‘L Test 256~ Nil.
& Test i Head assay Wb., Assay value Distribution,
: , Ho. | [ Products per _per cert.
i \ m' 8. cent . A, S, .
: dwt. @ per awt. per Gold Sulphur
per cenb. . per cent.
: ton ton
f 254 |14.0 3405 | Concentrate 4.0 180.0 2.35 59+12 g.zg
= 9 -

255 [15.4 |3.05 [re———— 5063 1544 ;.22 57+05 6e12
| | Residue 94.32 7.0 2.86 42.95  93.88

i 256 16.4 |3.05 | Comcemtrate 5.32 180.8 2.62 58.8 4.57
i ‘ ' Residue 94. 10‘ 1:08 41.1 95‘-43

‘ , | Residue 95.4 6.0 3008 40.88

CYANIDATION OF - FLOTATION RESIDUES.

p Cranide tesls were carried out on these residues by agitation
for periods varylng from twelve to thirty six hours with a 0.145 per
cent. cyanide solution and three pounds of lime per ton of ore, this
proportion of lime having been found in Tests 244 and 245 to be
sufilicient to produce protective alkalinity in the pregnant solutiom
when treating similar residues. The ¢yanide consusption in these
tests is exceedingly low and the protective alkalinity of the
pregnant selution is sufficiently high for efficient precipitation.
The treatment conditions and the results of these tests are shown in.
the following table.

CYANIDATION OF FLOTATION RESIIUES.
Treatment conditions : Pulp ratio, 1 : 1.

Barren solution, 0.145 per cent. KQN.
Cal added, 3 1lb. per ton of ore.

; |

i- Test No.

Ak | 2 | 260

Flotation residue from Test ‘ | 254 | 255 | 256
L Flotation residue, assay value, dwbt. i , \
\" Au per ton 6s0 | 640 | 7.0 | Tat
| Agitation time, hours 12 24 30
| Pregnant solution (KON, per cent. - 0.133 0.128 04131 04126
” mmim. « DET ton éKGN Oe Oe Oe .
: ca0 | 259 [2.54 |2.50 2.%2
i Cyanide residue, assay wedue, dwb. \ i

Au per ton 1«2 0.8 1.0 0«9
i‘ Extraction, per cent. 80+00 86466 85,77 87«32

These tests indicate that these residues, resulting from the
flotation of the tellurides, are readily amenable to treatment with
cyanide alone and that, in consequence, the cause of the difficulty
in the ireatment of these ores with cyanide alone is the presence of
the small guantity of tellurides from which the gold is not readily
recoverable by simple cgyanide treatment.

In order to prepare samples of telluride concentrates and of -
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residues on which to carry out tests to determine the possibilities
of eyanidation and bromoey nidation of the two products, a series of
flotal ion tests was oul on Boulder Perseveramce ore, assaying
15.6 awt. gold per ton, the flotation conditions and the result
being as shown below.

FLOTATION OF TELIURIDE.

Flotation conditions : Mulp ratio, 1 e
Flotation in 5 per cent. MNa(l solution.
No reagenis used.
Flotation time, 5 minmutes.

‘est, Head a.a#‘ "b., Assay value Distribution,
0. AU, [Product.s per |"ka, S per cent. -
‘dwte | per cent. dwt. | per |
| cents | per |cent. Au s |
| Egn l |t on

. — J |
’261 '15.6/3.05 | Conecentrate 11.0 «0 | 3.23 66. 11.48 |
| a0 i nesiduemeag.o 9;.9 3.03 j}.gg 88.52

4 moderately heavy skimming was made during flotation so that
suf{icient concentrate might be obtained for subsequent testing.

For the purpose of deteralning the conecentration of cyanide
solutlon necessary for treatment of the residues from this flotation,
and the approximate time of treatauent, two tests were carried out on
these residues in which all treatment conditions were the same,
except Lhe concentration of the gyanide solution. ‘The treatment
conditions and the results of these tests are shown below.

CYANIDATION OF FLOTATION RESIIUE.
Irealment conditions : Pulp ratio, 1 3 1.

Ca0 added, 3 1b. per ton of ore.
Agitation Lime, 24_ hours.

Test No. 262 | 263 |

Barren solution, ¥QN per ecent. 0. 100 0. 148 |

‘Fregnant solution (KCN, per cent. 0.083 0.123 |
- - ca.{). ps; cent. 0.01 8.020

Consumption o pPer ton (ECN O. .

| ' ca0 0t 588

Flotation resicue value, dwt. Au {nr ton 5.2 199
‘Wanida.tion residue, dwt. Au per ton [ 1.0
Extraction, per cent. . 79+66' 83.05

These tests show that, as in previous similarvtests, three pounds
of lime per ton of ore produces protective alkalinity sufficient for
precipitation, in the solution after treatment and that the eyan ide

ion whieh i : i ;
g?nﬁgtxﬂéy on, wh gglug i%gw.v in both tests, inereases with the coneentratiop

The results show that the stronger cyanide solution sives a better
extraction, although al the same time the cyanide conampgion is
fl:lght.ly increased, and that s lonzer period of agitation than twenty
four hours is advisable to seeure the maximaum ext ract ion.,
BROMCCYANILATION o TELIURIDE CONC

TSN 1y s ey
il Sl Ihe

In order to obtain information regarding the conditi
:::%ohtgmmt ion rgi the tellurid: concentrate ahoulgn gemc]g;:hd
s ¢ performed eon the concenirate from T
:gitat.:lng Tor eighteen hours with a 0.257 per eent. cy:ﬁoag;hl:{m
Lhout additipn of lime, ang subsequent addition of eyanogen brmm;.
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In Test 264, the whole of the cyanogen bromide, 2 1b. per ton of

concentrates, was added after eighteen hours' agitation with the cyanide

solution, while in Test 205 the cyanogen bromide was added in two equal
rtions of 1 1b. per ton of concentrates after e(:l,.%ht.ecn and twenty one
ours' agitation. 1In each case the consumption de was hﬁh

and the pregnant solution was acid, while only 60 - 6] per cent. the

en bromide had been destroyed during the treatment, indicating

that the period of asgitation alfter addition of eyanogen bromide had not

gembts't;riﬁigienbly prolonged te enable the full effect of the reagent to
e o ede

The treatment conditions and the results of these tests are
shown in the following table.

BROMOCYANIDATION OF TELLURIDE CONCENIRATE.

Treatment conditions : Pulp ratio, 1 : 1.
: Barren solution, 0.257 per cent. KQl.
|

Test No. | 264 265
Agitation time, hours {With K 18 15
(with QiBr 6 6
CNBr added, lb. per ton ; 4 4
Pregnant solution (KCN, per cent. 0.064 = 04060
KCH+HCN, per cent. 0.090 @ 0.086
IBr, per cente. 0.0414| 0.0325
CaC, per cent. ~-0.024 =0.024
KCN Consunmption, lbe. per ton EAp}arent. 3.86 3.94
Actual | e Fed2
Head ve3we, dwb. Au per ton 54.0 4.0
Residue veiwes, dwi. Au per ton | 4.4 | 15.6
Extraction, per cent. 1 B4.32 | 83.05

In consequence of the high percentage of residual cyanogen
bromide at the conclusion of these two test&, a further test was carried
out on the same concentrate in which agitation with cyanide solution was
eontinued for twenty four hours, after whiech cyanogen bromide in the
propertion of four pounds per ton of concentrates was added to the pulp
and agitation continued for a further period of twelve hours. At the
conclusion of this test the pregnamt solution was acid and the whole of
the oyano%en bromide had been decomposed. The treatment conditions and
the result of this test are as follows :-

BROMOCYANIDATION OF TELILURIDE CONCENTRATE.

Treatment conditions : Pulp ratio, 1 : 1.
Barren solution, 0.257 per cent. EQN.
Agitation time, hours (With KON, 24
with CNBr, 12.
GiBr added, 4 1b. per ton of concentrates.

|
Test MNo. | 270

Pregnant solution(X(CN, per cent. 0.026
EQN+H(N, per cent.| 0.066
{ CliBr, per cemt. - 0.0
{C&O. per cent. -0.026
EQ¢ Consumption iAppa.rent. | 4.62
1be. per ton Actual | 3e82
Head vadwe, dwt. Au per ton 94.0
Resldue va3we, dwl. Au per ton i 6.2

Extraction, per cent. | _93.40
CYANIDATION OF FLOTATION RESIDUES.

hND

The results of Tests 262 and 263, in which the residues from the
flotation of the tellurides were cyanicded for twenty four hours with -
eyanide solutions of different concentrations, indicated that a longer
agitation period with the stronger solution might yield a still lower
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grade residue. Thercfore, further tests were carried out on the same
residue under similar conditions to those obtalning in Test 263, except
that the treatment period was increased to forty eight and fifty four
h:larn. The treatment conditions and the results of these tests are as
follows i~ :

CYANIDATION OF FLOTATION RESIIUES.
Treatment conditions : Pulp ratio, 1 : fu

Barren solutlon, 0O.148 per cent. KCN.
Cal added, 7 1b. per ton of residue.

Test No. 266 | 267 | 268 | 269
Agitation time, hours 48 48 54 54
Pregnant solution ( KQV, per cent. 0.127/0.127 0,126 0.1
som, Th pir v i eaa’ [0:03% 100 0.1
Consumption, « pPer ton ( ECN . . Qe Os
cal 2.66 2,74 |2.68 |2.68

Flotation resme’ &wte Au Per ton 5.7 5. 5.9 'Sot
Cyanidation residue, dwb, Au per ton| 0.9 . |O. 0.75 0.
Mmction. per cent. 84-74 £8. 14 6_7029 'BB. 14

Combining the results of Tests 261, 267, and 270 gives the
following total extraction by flotation and separate cyanidation and
bromogyanidation, respectively, of the flotation residue and concentrates,
extractlons being expressed as percenteges of the zold contained in the
original ore before flotation.

TOTAL EXTRACTICNS.

Extraction Irom telluride concentrate, 61.91 per cent.

Extraction from flotation residue, 29.07 per cent.
Total extraction by fleotation,
cyanidation and bromoeyanidation 91.58 per cent.

Vedwe—1 CGombined residues, (11 pew
cent. flotation concentrate + 89 per

cent. flotation residue) 1.305 dwt. A per tone
Extraction based on head and
regsidue v=3mes 91.63 per conte.

Although these combined results are highly satisfactory and show
that the two flotation produeis are capable of separate treatment, the
grado of the residues from the bromeocyanidation of the telluride concentrates
8 too high to enable them to be discarded, end therefore it is essential
that means be devised to reduce the grade of tLhese residues to an economiec
. Since this concentrale contains free gold whieh dissclves very
slowly in cyanide solution, it is possible that amlgamgtion of this
concentrate before bromocyanidation may assist in obtaining the required
duction in grade. Consequently, as the supply of concentrates from Test
201 was exhausted, a bulk sample for amlagamation and bromocyanidation
was prepared by ¢ the concentrates from Tests 246, 247, 248, 249, 254,
255, and 256. This k sample, assaying 57.6 dwbt. Au per ton, was then wee
used for amalgmnation and bromocyanidation tests. -

AMALGAMATION OF TELIURIDE CONCERTRATES.

Portion of the bulk sanple of telluride flotation concentrates

was amalgamated by agitation with water and mercury without additional
grinding, and, after removal of mereury and acaliamn, the produet was filtered
and allowed to dry. The result of the amalzasation, which shows that the
concentrates contain only a soall proportion of the gold in an amalzacable
form, was as follows :- )

Vedme Before amalgamation, 57.6 dwb. Au per ton

Vadne After amalgmmation, 52.8 dwt. Au per ton

Extraction by amalgamation, 4.3 dwte 4u per ton

= 8433 per cent.



( 76)

CYANIDAT ION AND BROMOCYANIDAT ION OF AMALGANATED TELIURIDE CCNCENIRATES.

Comparative tests were carried ocut on the un—-amalgasated and amdlgamated
telluride concentrates to cdetermine whether the preliminery amalgamation
enabled lower de residues to be obtained by branocyanidation, and
also to demonstrate the im ssibllity of securing a satisfactory
exiraction by agitation with eyanide elone under the same conditions

s were adopted for bromoeyanidation. At the same tiie, o test was
carried out on each product te determine the extraction obtained with
cyanide alone up to the time of addition of the cyanogen bromide, and
Lo show the accelerating solvent action of that reagent in conjunection
with the cyanide. Since Test 270 had given an encoura;ing result,
similar treatment conditions were adopted in the bromeeyunidation tests,
while in the tests with eyanide alone, agitation was carricd out for
twnety four hours without lime in one palr of tests and for thirty six
hours with addition of threc rounds of lime per ton of concentrates in
the second pair of tests; the former palr indicated the extraction
obtained under norual bromocyanidation conditions prior to the addition
of cyanogen bromide, while the latter palr furnished a comparison
between Lhe resulis obtainable Ly treabment with ¢yanide alone with

the necessary addition of 1lime and with cyanide and cyanogen bromide

for the same total period.

On un-amalgamated comcentrates the percentaze extraction obtained
by bromoeyanidation is the sa.e as in Test 270, although, as the grade
of the concentrate is in this case lower » Lhat of the residue is
correspendingly lower. The eonsusption of gyanide, however, is slightly
less on the lower grade concentrates, while the pregnant solution shows
practically the same aecidity as in Test 270

On woalgamated ¢oncenirates, the extraction by bromogyanidation is
%reat.ly inc:eased and the final residue is of reasonable grade, while
he cyanide eonsumption is somewhal less than in the si.:xﬁnr test on
un—~amalgamated concentrates.

Consequently, aralgasation is advisable to extract as mich as
possible of the slowly soluble free gold before bromocyanidation, and
also ecnables a low grade residue to produced.

The treatment conditions and the results of this comparative
series of Lests are shown in the followin; table.

CYANIDAT ION AND BRCMOCYANIDATICHN OF UN=-ANALGAI ATED AND AVALGAVATED

TELIURIDE CONCENTRATES.

Treatment conditions : Pulp ratio, 1 s 1.

Barren solulion, Q. nte LCNe
o) z 2 K - >
Test No. 271 | 272 276
- Ca0 added, 1lb. per ton - 3 3 -
CNBr added, 1b. per ton - - 4 - - 4
Agitation Ew:u.h KQy 24 36 | 24 24 36 | 24
time, hours (vith Qior - - 12 - - 12
Pregnant (KGN, per cent. 04150 |04 132 0,008 | 04154 (0. 154 (0.094
solution(xKN+HCN, per cent. - -  |0.085 - ~ De134
QiBr, per cent. - - 10,029 - -  10.049
CaO, per cent. 0400204028 |=04028| 04004 |0.026 [=0.018
KQN Consumptiozﬁ?.fgppareut - - 3.12 - - Fe2
1b. per ton Actual 2014 12450 (30 2,06 12.06 | 2,
Head wadne, dwt. Au per Lon 576 |57, 726 [ 5248 [52¢8 [52.8
Residue w" dwt. Au per ton 5060 2;-2 ;!.9 27.2 2).2 1‘3
Extraction, per cent. 37000 (204059325 | AdsSet _
4048 (5227 5754
Extraction by avalgamation - - - 8e33 | 8433 | 833
mm&ion by wmdatiﬂn « )0 55‘55 .2 o“ . e
Total @M;m, per. cent. %‘71. 20 155.5% 22.22 %2. 7% ° “’5 .Zlgg.ﬁ
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These tests prove conclusively thal the telluride concentrate
is amenable Lo treablment Ly amalgemation and bromocyanidation, with
the production of a low grade residuc, and thal treatmsnt with cyanide
alone is incapable of yieldm%' within a reasonable time, a satisfactory
extracbions. Henece the {lota £on concentraule, produced without
concentration of the pyrite, contains that portion of the auriferous
minerals which are not readily attacked by eoyanide 2lome, but which
readily yield a high goroentage of thelr jold content to treatment with
oyanide and cyanfgen bromide. The flotalion resicues have aiso been
shown to contain ihe gold in a form in which it can readily be extracted
by treatment with oyanide alone. lience, selective fletation of the
auriferous minerals enadles two products Lo be made without Aifr: culty
and with no expense for flotation reagents, {rom both of which high
pereentage extractlons cun be obtalned by suitable treatient with
cyanide, and wilth ayanide and oyanogen bromide, respectively. The
assay value of the Lotal residuc from the treatment of ths two products
may be expecled Lo be under onc dwte old per ton.

As Lhese series of tesls had exhausted the supply of telluride
congentrates, a further @uantity was obtained for confirnatory tests
and further lavestlgalion by flotation of 7200 gram of the same ore in
charges of 600 gram each, in a 1 ;3 5 palp in a ?1‘?0 per cente salt
solution. without flotatien reagents, flotation of each charge being
gontlinued for five mimutes and a falrly heavy skdmming be made 80 as
to oblain sufficient concentraies for testing purposes. IV was shown
in Test 256 thal under similar conditions a small percentage of high
grade concentrate could be produced, but, as larger quantilies of
concentrabes are required for the nccessary tests, the grade of Lhe
flotatlon conecentrates has been sacrificed for the sake of obtaining a
Tmficicng gw.tiby for investigation. The result of this flotation

s shown below.

FIOTATION OF TELIURIDES.

Test lead Assay Products|Wi., |Assay value| Distribution Ratio of
No. [T ‘ per per_cenb. concent—
dwbe | 5, | cent. [Gwle ration
Au per | Al Sy Au s
per |cenb. per [per
ton f ton |cent.
277 | 15.5 Concbe |[8e19 (10742 2.69 |56.71 | 6498
g.ts Residue 91.31 ;.3 3.20 43.39 93.02| 11,48 3 1

The concentrate produced in Test 277 vas used for a series of
browocygnidation tests under sinilar condibiona to those of Tests 273

and 270 except that in Tests 280 and 281 the period of agitation arfter
additlon c¢f cyanogen Lromide was inersased for the purpose of asscertain-
ing wnether a lower rade residue could de cbtained in this way, rather &k
than by inereasing the quantity of oyaunogen bromide, since in all tests
exeept Lest 270 Lhe amount of undecouposed cyanozen bromide in the
pregnant solution was cowparalively high. For the tesis on aialgacated
concentrate, the aualyacation was carried out by agitation of the
concentrabe with water in an aualgasated copper pan. The amalzamation
of the congentrate in this way gave the following result.

TEST 282, AMALGAVATION OF TELLURIDE CONCENTHRATE.

¥aiux Before asalzawation, 107.2 dwbt. Au per ton

Vedue After amalgamation, 105.6 dwi. Au per ton

Extraction by aualgasation, 1.6 dwbt. Au per ton
= 1.49 per cent.
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As this was a new sample of concentrates, a thirty six hour

test was carried oul with cyanide alone, concurrently with ihe
bromoegyanidation tests, so as to enable the accelerat solvent
action of the eyanogen bromide to be determined. The treatment
conditions and the results of this series of tests are as follows i=

BROMOCYANIDATION OF TELIURIDE CONCENTRATR.

Treatment conditions , Pulp ratic, 1 : 1.
Parren solution, 0.256 ver cemt. K(Cl.

Un-amalzamated Congentrate | Amalgomated

Congentrate
Iest los 278 | 279 280 281 285 | 286
wal Qd-dﬁd. 1B per ton P 1 i = = -
CiiBr addecy lbe. per uon - 4 4 4 7 | 4
Agitation E‘nit.h kv 3% | 24 | 24 | 24 24 | 24
time, hrs.(7ith QIBr - 12 15 18 12 | 12
Pregnant (EQi, per cent. Oe 116 (0042 |0.032 (040 0.05C | 040

solut.ion{b:(x:iiiai. ver cent

0+054 [0.082 |0.056 | 0,060 0.0
CNBr, per cenb. - [0.0296|0.0286(0.0266| 0.0197 0.019
(ca0, per cenbe. 00016 |=0.026 | 04030 | =04028 | =0e035 =0.03

KCN Consump~ (Apparent | = |4.24 |4.48 4.48 4,12 4.12
tione. lb./{)c;n{acbual 2.80 |4.04 |[3.88 [4.00 3.22 392
Concley dwlbe au per ton 10%02 1072 107-2 10202 10 06 105,
Residue, dwb. Au per ton 63.8 0 8e6 .6 14.0 o4
Extraction, per cenls 40,48 |93.47 91.98 93 84 36074 93.94

Total Extraclions,

By m. per cent. - - - - 1.49 | 1.49
By s p PET cent . 40,48 ‘9304% 91-93 ?3.84 85.44 92-54
Total, per cent. . 1 40,4819%3.,47 191.98 193,84 | 806493 | 94.03

ie
e

4o

Se

These tests show that @
Treatment of the concentrate with cyenide alone gives a low
gereent ¢ extraction in thirty six hours.
ihe addifion of cyanogen bromide in the proportion of four pounds
per Lon of concentrate greatly accelerates the solution of the
gold, and, allh a high percentage extraction is obtained by
continuing the agitation for from twelve to elghtecn hours after
addition of eyanogen bromide, the residues are of too high grade
to be discarded.
Four pounds of cyanogen bromide per Lon of concentrate gives a
much greater extraction than three pounds per Lon of concentrate,
in the same tiue.
The extraction by azalgaustion by the method adopted is very
small and this wethod 1s uuch less efticlent than sjitation with
mercury.
CQranide consumption per ton of goncentrate is in every case high,
but, as the concentrate is only £.19 per cent. of ihe ore, the
oyanide consumption per tom of orlginal ore is very low,

In order to uake bhe treatment of the ore by flotation,

evanidation and bromoeyanidation complete, the residues from Test |
277, assaying 7.3 éwt. gold per ton, were agitated in a 1 : 1 pulp
with 0.149 per cent. cyanice solution and 3 1b. lime per ton for
forty eight hours, with the result shown in the following table.
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CYANIDATION OF FLOTATION RESIDUES.

Pulp ratio, 1 : 1

Barren solution, 0.149 per cent. KCN
CaC added, 3 lb. per ton of residues
Agitation time, 48 hours.

Treatment conditions :

Test No. | 283 | 284
Pregnant solution ( KCN, per cent. 0.086 | 0.08
C&O, r cent. 0.018 | 0.01

Consunption, 1lb. per ton [ K - 1,26 1,22
Ca0 | 2.64 | 2.b2

Flotation residue, dwt. Au per ton ’ ?.g Te3
Cyanidation residue, dwt. Au per ton . 1.1
Ekikraction, per cent. ‘ 83.56 [84.93

In order to determine whether inereased tiue of
agitation of the sawe flotation residues under otherwise
similar conditions of treatment would yield an inereased
extraction, duplicate tests were carried out in which the
agitation tive was increased to fifty five hours, with the
result that the value of the cyanide residue was reduced to
OeG dwt. Au per ton. The treatment conditions and the results
of these tests are as follows :-

CYANILATION OF FLOTATION RESIDUBS.

Treatment conditions :- Pulp ratio, 1 ; 1
: Barren solution, 0.149 per cent. KCN

Ca0 added, 3 1lb. per ton of residuss

Agitation time, 55 hours.

Test lio. 2803 288
Pregnant solution ( K(Q, per cent. 0.081| 0.083
' Cal, r cent. 0-019 0.028
Consumption, 1lb. per ton ( KCN I.Zg 1,32
Ca0 24 244

Flotation residue, dwt. Au per ton T3 73

Cyanidation residue, dwt. Au per ton | 0. 0.2
Extraction, per cent. 8707 |87.67

The results of the combined treatment by flotation,
amalgamation and bromoo{anidat-ion of the flotation concentrate,
and cyanicdation of the flotation residue are shown in the
following tabulation, in which the results of the treatuent of
the concentrate and residue produced by flotation in Test 277
have been combined. The results of the cyanidation of the
flotation residue are those shown in Tests 287 and 2882, in which
a final residue of 0.9 éwt. gold per ton was produced.

COLBINED TREATMENT OF FLOTATION CONCENTRATEL AND RESIDUES.

Extraction, per cent. Combined residue,
i dwt. Au per ton

Test From concentrate From residue /‘Iotal

No. Ty ):

Amalegn. | Cyanidn. By Cyanidn.

278 - 22.96 | 41.35 64. 31 6.05

279 - 53.01 41.35 94.36 1.40

280 - 52. 16 41.35 93 41 1.53

285 | 0.84 48.46 | 41.35 89.817 1.97
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Consideration of the combined results of the treatment
of the two flotation products shows that although a comparatively
high percentage extraction is obtained, the value of the combined
residues is still too high and that very little further reduction
in the grade of the total residues can be expected unless means
can be devised by which the grade of the concentrates can be
still further reduced by bromogyanidation. The prineipal facgtors,
by the variation of which this result may be achieved, appearto
be time of treatment and gquantity of cyanogen bromide. The
effect of increasing both time of treatmemt and quantity of
ecyanogen bromide and also of increasing the time of trealment
of the flotation residues therefore requires investigation, but
the results obtained by selective flotation and subsequent cyanid-
ation and bromocyanidation have shown definitely that the gold
in these ores exists in two states, one portiom being extractable
by cyanide alone, the other only by cyanide and cyanogen bromide.

Flotation of the telluricdes and subsequent
bromocyanidation of the telluride concentrate and plain cyanid-
ation of the flotation residue serve to indicate that it 1s the
small propertion of high grade telluride of gold whigh militates
against obtaining a high percentage extraction from these ores
by plain ocyanide solution, but that tnis mineral can, for the
most part, be removed by flotation without the addition of
flotation reagents, utilising the frothing action of the
calcite present in tLhe ore, or by flotation with the addition
of a irother and the use of a depressant to prevent flotation
of pyrite. The tests also indicate the ready flotability of
the gold tellurides in comparison with the pyrite, for the
complete flotatiom of which the addition of a conditioning acent,
such as potassium xarthate, is necessary. - The results of the
eyanidation tests on the flotation residues show thyt the gold
associated with the pyrite can be readily extracted by plain
eyanide solution, but, to,obtain a satisfactory extraction of
the gold from the telluride concentrate combined treatment with
eyanide and cyanogen bromide is required.

Since these ores are always liable to contain
coarse and fine free gold as well as gold coumbined in the
tellurides and in association with pyrite, it is advisable, on
ageount of the slow dissolution of the coarse gold by cyanide
solution, to amalgazate the ore afier or during fine grinding
80 as to extract and recover at the earliest possible moment
and in the cheapest and simplest mancer as much as possible of
the gold content, instead of depending on the cyanide treatment
to extract this portion of the gold. Therefore, in any
scheme of treatment of these ores, amalgawation of the ore,
either during fine grinding or by copper plate amalgamation
arfter fine. rinding in tube mills is advisable.

The selective flotation of the tellurides and
the subsequent treatment of the congentrates and residues Ly
separate and distinet methods were imtended Lo furnish
inforration as to the possibility of separating the non-
amalgzazable gold into iwo portlons, viz.,

a) that combined in tellurides, and

b) that associated with pyrite,
and this separation has been shown to be possible. It has
also been shown that by diflerentiating between these iwo classes
of gold it is possible Lo make satisfactory extractions by
bromocyanidation of the tellurides and plain cyanidation of
the p‘Jrite .

This method of ¥reatment by flotation and separate
treatment of the produets is not put forward as a practicable
scheme of treatuent of Lhe ore because any multiplication of
processes tends to couplicate the treatment and Lo inecrease

treatment costs. At the same timne, a pricary flotation of
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the tellurides without flotation reagents and a seconcary
flotation of the pyrite after addition of a frother such as
eucalyptus oll and a conditioning agent such as potassium
xanthate would, in the light of the experimental results
obtained by the writer on the flotation of Kalgoorlie ores,
enable two products to be obtained for subsequent trebbhment

and a flotation residue of sufiiciently low grade to be
discarded without further treatment. These two preducts could
then be treated separately either b; bromogyanidation and plain
cyanidation or by roasting and gyanidation of the roasted
-eoneentrates. If roasting and ceyanidation were resortec to,
there would be no benefit producing two concentrates, but

it would be more economical Lo produce one concentrate for
subseqguent bromoeyanidation or reasting and eyanidation, instead
of treating two classes of concentrate separately, so that
duplication of c¢yanide plant would not be necessary.

The experimental work in this direction has,
however, shown clearly the difference in the behaviour of the
g£0ld contained in the tellurides and in the pyrite and shows
that cyanogen bromide is necessary only in the case of the
tellurides, which do not yield a satislfactory extraction by
plain gyanide solution.

METHODS OF TREATMENT.

For the treatment of Kalgoorlie sulphotelluride

ores, and this applies to other refractory ores also, Iive wmethods

of treatment are available and the prineipal factobs alfiecting
the determination of the most suitable process are as followsi-

(1) Relative fineness of grinding required for each method,
since very fine grinding adds greatly to the cost of
treatment and to the gost of plant regpired.

(2) Bffieciency of the different methods, i.e., whigh yields
the best comuwercial and economiec exiraction at the
lowest cost and which requires the least skilled
superintendence.

(3) simplieity of the plant re ed in each case, and
therefore the relative capital cost of plants.

(4) Tonnage capacities of plants on whigh the capital
oubtlay is the same.

(5) Power consumption for plants of the same tonnage
capacity.

te Fineness of Grinding.

There is very little dif.erence in the final
fineness to which the ore must be reduced for any one of
the five processes, although the greatest fineness is
probably necessary for straight-out bromocyanidation of
the ore, followed by the flotation process, while the
all-roasting process probably does not rqggire such a {ine
product as any of the other processes. e cost of fine
grinding will therefore be a maximum for stralght-out
bromogyanidation of the ore and it would be a minimum in
the case of the all-roasting process if the grinding
could be carried out in one operation. Unfortunately,
however, the all-roasting process calls for a dry feed to
the roasting furnaces and therefore the preliminary fine
grinding must be carried out dry, with attendant disad-
vantages due to production of dust. After roasting, a
segondary grinding operation is necessary to reduce the
roasted ore Lo the fineness necessary tLo secure s maxiuum
extraction of yold. Hence, in this process, iwo Jrinding
gections, dry and wet, are nec¢essary, with a consequent
ingrease in capital cost, power consuuption, expemse of
maintenance, repairs and superintendence. Therefore any
of the all-wet treatment methods will be more suitsble
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irom this aspect than the all-roasting process.

2. Efriciency of Processes.

In all probability the present all-roasting process
calls for less skilled attention than does either of the
other processes, while the straight-out bromogyanide process
which, from experimental cdata, appears to be a process ex—
tremely susceptible to derangement by slight changes of
treatment conditions, would reguire striet and close control
toi?e exercised by a skilled metallurcist on each working
shift.

A reliable comparison of the efficiencies of the
different processes is impossible as the operating companies
do not publish information regarding the percentage
extractions or the treatment costs of the all-roasting
Process. At Lhe sawme tiie, no plant is at present employing
any of the other processes in its entirety, although
experimental investigation has shown that the straight-out
flotation process, employing roasting of the concenirates,
should be capable of yielding as good an extraction of gold
and as low, if not lower grade total residues than the
existing process and at a very much lower cost of treatment.
Lake View & Star Itd. has recently installed a flotation
unit treating 150 tons per da{, whiech is giving good results
but full figures are not available because the eoncentrate
is at present being mixed with the ore for roasting. The
extraction to be expected from straight-out bromocyanidation
of the ore should, under .avourable treatment eonditions,
reach 90 per cent., or even more, at a cost practically
the same as that of the flotation process and the roasting
process. Until, however, this process is actually put
into operation, it will be impossible to state with any
certainty what the extraction or cost of treatment is likely
to be.

JeSimplicity of Plant and Capital Cost.

From this aspect, the bromoeyanidation of the whole of the
ore after fine grinding necessitates the simplest plant,
consisting only of a wel grinding and agitation plant,
and as the actual tiwe of treatment is short, a conparatively
swall plgnt will have a large toniage ecapacity.

For flotation followed by bromocyabidation of
the flotation congentrate additional plant would be required
for fiotatlon of the ore, thus inereasing the capital cost,
although approximately only 12.5 per cent. of the ore would
be treated by bromooyanidation after flotation, and therefore
the necessary cyanide plant for treatument of large tonnages
would be comparatively small.

lext in order comes concentration of the whole
of the auriferous minerals into one product by flotation,
and roasting and cyanidation of the eoncentrate, which would
involve provision of roasting furnaces. The operation of
the roasting furnaces would not involve a high consumption
of fuel as the sulphur content of the concentrate is
sufficient to provide the heat necessary to complete the
roasting when once the charge has been raised to the
temperature necessary to initiate oxidation of the pyrite
and tellurides. The cost of roasting would probably not
exceed tLhe cost of the cyanogen bromide used in the bromo-
cyanidation of the raw flotation concentrate, and therefore
the only additional cost in this uethod of treatment would
be the capital cost of the plant for riltration, drying
and roasting of the concentrate together with the cost of
malntenance of this section of the plant. '

Any process in which two flotations were
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performed for concentration of tellurides and sulphides separately,
and the subseg:ant treatment of these products in separate units
by bromocgyanidation and plain gyanidation, respectively, would
involve cduplication of flotation plants, thickeners, and .
cyanidation equipment, thus adding meterially not only to the co
of equipment but also to the cost of operation. Such a method

of treatment, involving separate trcatment of two products is not
warranted where similar results can be obtained by the treatment
of one concentrate as a whole.

La.atl{. the all-roasting and cyanidation process
at present in use, altho efficient, suffers from the serious
disadvantage that the whole of the ore has to pass through all
stages of the treatment process and therefore the carpit cost of
roasting fuenaces and cgyanidation eguipment as well as the cost
of operation and maintenance are extremely high on aeccount of the
large plant necessary to handle large tonna_es.

4. Tonuage Capacities of Tlants.

On account of the siupliecity of the method of treat-
ment and the plant required, a plant for bromogym idation of the whole
of the ore can handle jreater tonnages than a plant of the same cost
designed for treatment by any of the other processes.

D« Power Consumption.

Bromocyanidation of the whole of the ore excels in
this direction also, since, in addition to the power required in
the grinding section of the mill which would be common to all the
processes, the only additional power is that required for the
agitstion of the ore with the treatment solution.

For the purpose of comparison, flow sheets of the
five possible processes are given .
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2¢ ALL-ROASTING AND CYANIDATION OF ORE.
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Je SEPARATE FLOLATION OF AURIFEROUS MINERALS AND T REATMENY

OF CONCENIRATES BY BROMOCYANIDATION AND CYANILATION.
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8, FLOTATION OF ORE ANL BROMOCYANIDAT ION CF CONCENTLRALE.
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D+ FLOTAT ION OF ORE AND ROASTING AND CYANIDATION OF CONGE@TEETE.
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DECOMPOSITION OF CYANIDE ANL CYANOGEN EBROMIDE BY AIR AGITAT ION.

Although it has been generally considered by
metallurgists who have had cperating experience of the bromo-
cyanidation of Kalgoorlie ores that agitation of the ore pulp by
means of air was inimical to the process on account of the rapid
decomposition of cyanogen bromide by atmospheric oxygen, there is
apparently no reference in the literature of the subject to this
fact nor to the decomposition of ,cyanogen bromide under these
conditions.

The following table shows the results obtalined Ly
air agitation of plain gyanide solution and mixed cgyanide and
ecyanogen bromide solution, testing of the solutions being carriled
out at intervals of fifteen minutes.

KCN + CNBr Seolution EQU Selution
KQi, 001467 = 2,92 1b. per ton of soln. KN, 0.1537 = 3.06
GiBr, 0.046'= 0.92 1b. per ton of soln. 1b. per ton of soln.
itn.| Conan. of Percentage |Consumption | Conen. | -age|Con
time, |solution Loss _|1be per ton || KCN, |Loss |tion,1D.
min. {oumnulative)|of solution || per KCN |per ton
KN, |GNBr, ! (oumulative)| ecent. of. soln.
per |per Ky 'QiBr K
cent. lcent. A KON QiBr
0 0s 146 ]0.0460| - | = - - 0s153 | = -

15 0 146 [0.0369|0.00 '19.78 [0.00 | 0. 182 | 0. 152 | 065 0.02
30 0+1420.0338|2.74 26,52 [0.04 |0.244 | 0151 | 1.31 0.04
45 | 0e137]0.0261[6.16 [43426 [0.18 | 0.398 | 0.150 | 1.96 | 0.06
60 | 0.1370.0246(6.16 (46,52 | 0.18 | 0.428 | 0.149 [2.61 | 0.08
75 0.136 0.0246(6.85 [46.52 | 0,20 | 0.428 | 0.148 | 3.27 0.10
90 0.134|0.0169|8.22 |53.26 | C.24 | 0.582 | 0.147 | 3.92 0.12
105 0130 {0.0169| 10.56(63.206 | 0.32 | 0582 || 0.146 [4.57 0. 14
120 0.128|0.0092| 1233 (80.00 | 0.36 | 0.736 || 0.145 | 5.23 0. 16
135 0.122|0.0077| 15.44 83,25 | 0648 | 0.765 || 0,144 | 5.88 0. 18
150 0e116/0.0076| 20.55(83.48 | 0.60 | 0. 768 | 0e 143 | be 54 0.20

The above figures show that the decouposition or
removal of cyanogen bromide in a mixed solution is comparatively
rapid, although after one hour's agitation by means of alr, over
fifty per cent. of the cyanogen bromide is still present and the
solution is therefore still efficient as a solvent of gold,
whereas after two hours' agitation, the proportion of cyancgen
bromide still remainirz is so small that the dissolving actlion of
the mixed solution will be very slizht after Lhis tlue. [ience,
when air g;itation is adopted, the maximun time of treatmenti
after addition of cyanogen bromide is approximately two hours.

It is difficult to explain the loss of gyanogen
bromide by the action of atmospheric oxygen but it is possible that
the loss on air agitation is largely mechanical, i.e., the
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readily volatile eyamogen bromide is carried rut of the solution

by 'the air bubbles leaving the solution, or it way be that the

vielent agitation due to the introduction of air hastens the

reaclion between oyanogen bromide and potassium eyanide '
CNBr + KGN KBr + (Qi)»

and the cyanogen is then carried out of The solution by the air.

At the same tlwe, the loss of potassium gyanide
during the air agitation is wuch sreater in the mixed solution
than in a plain eyanide solution, which is probably due, in
part, to the reaction beiween cyanoge. browide and pouassium
cyanide, and in a less deyree Lo the decomposition of potassium
oyanide by the carbon dioxide introduced with the air.

BROMOCYANILAT ION OF ARSENICAL OHB.

From tine to time bromogyanidation tests have
been carried cut on Wiluna ore which contains both pyrite and
wispiekel, the gold being asscciated for the most part with the
lativer mineral. Althoush the inventors of Lhe browoceyanidation
process and Lhe early advocates of the process claiwed tLhat
thls process was partiocularly adapted to the treatment of arseniecal
ores and arsenlcal concentrates, it has been found that bromo-
cyanicdation of viluna ore possesses practicslly no advantages
over direct ¢yanidation, both being incapable of yielding
anything approaehing s comiereial exiraction. The following
teatsiindicabe the resulis obtained by this wethod of treatment
of this ore. -

SROMC CYANILAT ION OF WILUNA OHE.

ireatment conditions : julp ratio, 1 solids : 2.33 solution
KON solution, 0«5 per cent. N
(QiBr added, 1 1b. per ton

liead as 2 dwt. gold per ton
Gradiqg:ag&.ggpr ceng. = 150 mesh.
Lest No. 28 2 291 292 293 294
itation &wit.h K CH 12 ?g ga 22 ] 23 21.
t » hrs. (with CNBr 2 2 2 2.5 2. 2.
Cal added éinitia.lly 9 10 10 10 5 10
1b. per ten(finally - p | 9 | p) 5
Pregnant solution,
KQi per cent. 0.31?5 0-2975 0.2925 004475 Oe 3585 U«4080
.CN consumpt ion,
lb. per ton Be 15 9-04 9.26 2.34 7.075 4-6
iMethod of agitation air air air |boltle|bottle |bottle
Hesidue, dwt. Au per )
ton 206_ 1355 (3.7 Fe6 Fe2 3e
Extragtion per ocent. 20677 131673 128.84 130,77 '38.46 '38.46

In tesls 293 and 294 the ore was first a itated
for two hours with lime water to destroy latent acidity, the
pulp filtered and agitated with the cyanide solution.

It appears therefore that tlils ore is not amenable
to treatment by bromoeyanicdation

SUMLAKY.
This investigation has been conducted for the

purpose of determining the applicability of eyano;en bromide to
theoyanidation of reiractory gold ores, more particularly the
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sulphotelluride ores of Falgoorlic, and of ascert aining
(a) the operating ccniitions cssential for successful
browogyanidation, and
(b) the ecause of the inabllity to oblain a satisiactory
eéxiraction Ifrom these ores by plain oyanidation.
Ihe resuits indicate clearly that the sulphoielluride ores of
Kalgoorlie are capable of ¥leldin; = high percentage extraction
by treatment with granide and Gyanogen Lrowmide provided that a
nuober of important eonditions are carefully controlled.

The experimental work has furnished inforzation

leading to the followirng conclusions j-

le Fine grinding - at least Lo ainus 120 uesh - is iwperaiive.

2. Amalgacation of the finely ground ore is advisable before
eynn:{dat:lon in order Lo rewove at once all iTee zold whieh
is %00 coarse to be dissolved in a short ti.e by cyanide
or cyanide and eyanogen brouide solution.

Je Agitation of the ore with oyanide and gyanogen brouide
solution may be efiected mechanically or by means of air,
although in the latter case the decompcsition of eyanogen
browide is more rapid than in the former but not so rapid
as serlously to iwpair the accelerating aclion of ihe
eyanogen browide on the soivent action of ¢yanice in the
short period after addition of cyanogen browlide during which
a itation 1s necessary in order to dissolve the gold
contaired in the telluride minerals.

4. In the trestument cf ore the minimun eilective proportion

- of oyanogen bromide is one pound rer ton of ore. Larger
addivions of ¢yanogen Lromide are not advisable on account
of the yreat increase in cost, except in the case of the
treatment of high .rade eoncentrate or telluride minerals
where 1t 1is escentlal that Lhe concentration of Syae=en
eyano en broride be walntained until the maxdsus quantity
of Jeld is dissolved.

Je For the treatment of ore Lhe best concentration of qyanide
golution appe:rs to be Q. 12 per cent. free potassium cyanide,
i.e., this concentration yields the highest extraction,
whereas umuch weaker solutions - 0.1 per cent. Iree KON -
or mugh stronger solubions = (.2 or 0+25 per cent. free KQ -
7ield lower extractions. ‘

6s During the preliminary agitation with cyenide alone the lime
added to protect the ayanide irom decomposition should be

only just suflicient to produce protecllive alkalinity in the
solution at the end of this period, sinee the solution
during the browmogyanication period should be neutrsl or
slightly acld for waxiium extraction. Although the
eonsumption of cyanide is diwinished by the use of an alkaline
pulp, the extracticn of zold is also diiinished, because
eyanogen bromide is rapidly decomposed in an alkaline
mlut?on and therefore its solvent aclion is not Lfully wade
use of, whereas, owing to its greater stability in neutral
or acid solutica, full advantage is taken of its solvent
actlion when the pulp shows no protective alkalinity.

Even if the solution after prelindnary treatment with

oyanide solution shows slisht protective alkalinity, addition
of cyancgen broulde soluticn which is always acid, may
neulralise the alkalinity and yield a satisfactorily acid
solutiocn for the bromoceyanication. L the solution after
the prelininary cyanide treatuent period shows high protective
alkalinlity owing to the necessity of using considerable
quantities of lime during this treatuent to protect the
eyanide Irom decomposition and so bring about a low cyanide
eonsuuption, it is advisable at the beginning of the
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browocyanicdat ion period Lo add sufiicient suiphuric aeid
to make the pulp either neutral or slightly aecid.

7. The timze of agitation with cyanide alone will depend on the
rate of solution of the easily extractable Jold, but in all
probability, not more Lhan three hours' azitation is neceassary
in ordinary cases. -

8. The consuaption of gyanide tLhal Lakes place during the
brouogyanidation perioed is comparatively small, wost of the
consunption taking place durin; tihe preliuinary treatment
with qranide alone.

9« During Lhe browceyanidation period the extractlon cof lhe
£olé is rapid while the concentration of gyanogen bromide
is high. For this reason no advantaje is ained by continuing
the agitation after the gyanc _en brouide has all been
degomposed, the tiue of whigh varies frou one to two hours
according to the guantity of eyanogeu broanide orlginally
added. Azitavion with eyanogen bromide should, howcver,
be continued until decomposition of eyano_ en brouide is
gomplete, usually one hour for an addition ol one pound
of gyanogen bromide per Lon of ore.

10.%0 advanlage is zained by adding eyanosen bronide at intervals
during the broacgyanication period.

1. 4fter completion of the bromoeyanidation period, lime
should be adced Lo the pulp Lo reenerate free cyanide, li.e.,
ocaleciun cyanide from the hydrocgyanie aeid produced during
this stage. ihe free hydroeyanic acid is eompletely
gonverted into caloiun gyanide within half an hour after
addition of lire, after whicgh tiue decomposition of the
calelus gyanide coauences, while, if ggitation 1s continued
for wmore than oac hour atter addition of lime, re-precipitation
of gold Lakes place. Jonsequently, afier addition of lime,
agitation should not bLe prolonged and the ore c¢harge should
be riltersd not longer than one hour after addition of lime.

12.The zold in the falgoorlie ores is present in at least two
distinet forms, viz., that associated with the pyrite and
that in coubination with telluriux in the tellurides.

13.7he gold in the pyrite is awenable to oyanidation with
eyarndde alone and does not necessitate Lhe euployuent of
cyanogen bronilde as an agcelerator.

14.7he gold in combination in the tellurides can not be extracted
by pliain cyanide solution but dissclves readily and repidly
in & wixed gyanide =nd gyanogen bromide solution.

15.The telluride wminerals .tay Le concemirated, without at the
same tise concentrating the pyrite, by {lotation without
er with a depressant and without or with a frothing agent.
when no srothing agent is used the tendengy of Lhe caloite
in the ore to produce a irotn is wade use of for foramlng
the ifroith necessary %o colleci the Lellurides. The use
of a depressant of pyrite is unnecessary since thls wineral
ghiows but little tendency to float unless a conditioning
agent, sueh as potassium xanthatle, is used Lo assist 1ils
flotaticn.

16.Under properly controlled treatuent conditions, using
oyanide and eyanogen bromide, it 1is possible in short
periods of treatment to extraet cver ninety per cent. of
the total gold in the ore, but in order Lo do so it is
necessary Lo exercise siriot control over Lhe alkalindiy
of Lhe Lreatwent solution.
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SELENIDES IN KALGOOR®IR CRhis.

Adthough thie presence of selenide of siiver has
been noted by Lr. Sizpson, very litile inforuaticn is svailable
regarding the percentage of seleniu in ary of the ores. In
the cetermination of tellurius in a flotation concentrate
produced without additicn of flotation regeents and in a sample
of rich telluride ore it was found that the following percentages
of seleniuc and telluriu. were present in the two sauples :-

Concentrate Teliuride Cre.
Jelenium, per cent. 0. 15 2.§
Telluriwu, per cernt. © Qe 31 . 146

Both elements were determine: by rrecipitation
with suljhur dioxide, seleniuc beling preeipitated as red
eleuental sclenium in strorgly scid solution frou. which tellurium
18 not precipitated, while the lattier wos rrecipitated as black
elemental telluriuaw aiter removal of the scleniun and dilution
of the [iltrate.

ihe only analyses showing percentagjes of seleniuw

in these telluride winerals that appear to have been rublished
are duc tc .obling (Uber einige Tellurgeldsilberverbindun;en
von cen .cslaustralisdhen Goldgangen, P. Frusech, 1901~
Centralblatt fur Minecralogie) whigh are quoted by J. Allan
Thouson in a paper on the "lellurides of Falgoorlie" published
in the W, A, Chawber of Mines Journal, Septeuber 50Lh, 1912,
Three analyses shiowing seleniun are given, as follows :-
Petzite, (Agau)oie - Selenium, 1.45 per cent.; Tellurium,
- J2+60 per cent.
Sylvanite, Ausgleg = jelenium, 0.20 per cent} Telluriu.,

60.83 per cent.
Calaveriie, Auleg - Selg¢nium, 1.13 per ceit 3 Telluriua,

2803 er cent.
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TREATMENT OF OXIDISED COPPER ORES BY THE CONTACT PROCESS.

. The prineiple of this process as set out by the inventor,
e W.hgevill. is the precipitation of metallic copper in an ore
pulp agitation of the ore at elevated temperatures in a pul
containing a small percentage of sulphuric acid, or ferrous sugphat.e.
or efrrous chloride, together with the meeessary amount of finely
divided iron to precipitate the whole of the copper.

The reactions proposed to explain the action are as followsi-
(a) Using sulphuric aecid.

QO + HoS04 = Qus0y + HoO
QS04 + Fe > Qu + FeS04

4FeS04 + Oy + 10Hx0->4Fe(OH) 4 + 4Hp50,
(b) Using ferrous sulphate.

J0u0 + 2 FeS04 > QupS04 + Fey0y + CusOy
QupS0, — QuSO4 + Ou
Cus0y4 +_1«‘o > Qu + FeS0,
(e¢) Using ferrous chloride. (in practice NaCl + FeSO4)

J0u0 + 4reS04 + 4NaCl + JHpO0=>Cu + QupCly + 2?0203 + 2NapS80y4
+ 2“2304 + 2HC
QupCly, + 2Fe + 2NagS0y + 2HCL>20u + 2FeS04 + 4NaCl + Ho.

Ihis process was investigated in the Metallurgical
Laboratory of the School of Mines 1922 and 1923 by A. S. Winter
and myself (Annual Report, Mines Depte W. A., 1923), when it was
found that the process could be successfully applied in the
laboratory and that the precipitated copper could be successfully
floaled from the ore pulp, the recovery of copper varying from
80 to 90 per cent.

SPONGE IRON FOR PRECIPILAT ION.

Une of the essentials of this process is the cheap
production of sponge iron for copper precipitation. The ¢
contro}ling the patents (Copper Separation Ltd. of Perth) spent
much time and capital in endeavouring to develop a cheap wmethod
of production of sponge iron, with varying success, until the
company's wana;er conceived the idea of introdueing lump iron ore
into a small producer along with the charcoal used for as
. production. The first experiment in this direction was
' encouraging, but subsequent experiments failed Lo give similar
- reaults.

Ab this stage of the experimental work (early in 1325)
1 was requested by the coupany to procee. to their works at rundip,
Phillips liiver Goldfield, to assist in this investijation, and
with the approval of the Mines Lepartment I spent a month endeavouring -
to develop this process. -

A rectangular experimental sponge iron furnace was built
of steel plate in conformity with ny suggestions, the furnace being
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11 feet & inches high by 4 feet by & rfeet with a 9 inch 1 z

of a local refractory stone. In this furnace twelve airifggsts
were provided on eacn side of the furnace, in four horizontal rows
of three each, spaced 2 feet apart, the air pipes being of half an
inch diameter and spaged 2 feet apart. In this way, using a light
alr blast and feeding ironstone broken to 3 inch ring with the
charcoal, a deep zone of incandescence was oblained. The product
removed from the bottom of the furnace was dropped into a water
seal under the furnace to prevent oxidation of the reduced iron.
The mixture of reduced iron and eéxcess charcoal was withdrawn
from the seal and after removal of the larger lumps of charcoal,
-the residue was ground in a wet ball will and concentrated on a
Wilfley table, the concentrate being kept under water until
required for use. Fy this method a product cont g up to 70
per cent. wetallie iron was produced from a loecal iron ore
assaying 56.7 per cent. iron, equivalent to 81 per cent, ierritc
oxide. Subsequent tests with the eéxperimental furnace confirmed

experimental furnace was used several tiues for the production of
sponge iron for use in the treatment plant. The carbon monoxide
produced in the furnace was used for steam raising in a Pabeogk
and VWileox beiler. :

Y PEH T A7 W

SN
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In June 1925, in accordance with the requeslt of Copper
Separation itd, I was instructed to proceed to Kundip to assist
the company's staff in an advisory capaecity in carrying out large
scale testing on low grade residues from the Harbour View mine and
on ores irom various mines in the district. On aecount of
alterations to the plant being in progress it was impossible to
proceed with large scale testing and conseqguently two months were
spent in continuous laboratory investigation of the treatment of
the low s rade HarLour View residues. ‘The object of this
laboratory investigation was to endeavout Lo estaeblish definite
lines on whiech this low gradc waterial might be economically
treated, both by direct flotation of the pulp as a whole, and also
by flotation aiter removal of the Zgreater portion of the slime by
elutriation. -

At the commencement of this experimental work I found
that ordinary methods of treatment and flotation would not be
likely to yield good results, mainly on account of the comparatively
small quantity of copper to be recovered, but also on account of
the large proportion of colloidal slise present in these residues.
This experimental work showed, however, that comparatively clean
copper floals could be obtained by using sodium silicate as a
reagent for the prevention of flotation of eolloidal slime with the .
cewent coprer, the silicate being adced to the pulp in the flotation
machine, either during the preliminary flotation or during the re-
eleaning of the preliminary float. It was found also that the
use of kerosene was of co: sidezmeble assistance in this direction,
the kerosene doting partly as an oiler of the cement and partly
as a froth stabiliser. ihe use of kerosene for these purposes
. enabled comparatively clean floatis to be obtained, and also, which
was of great importance, enabled a iroth to be obtained which was
readily controllable. For the additional purpose of further oiling
; and collecting the cement copper in a coherent form in a heavily
~ loaded Iroth, a wixture of blackboy (Xanthorrhoea) tar and blackboy
distillate, in equal proportions, was mainly used, although the
results of comparaiive tests on the use of other cils led to the
eonclusion that somewhat betterfresults could be hoped for when
using other oils and mixtures of 0ils, such as pyridine, coal tar,
and eucalyptus oil. at the same tiue, it was necessary to
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endeavour to obtain the best results possible with blackboy tar and
distillate mixture, as these were the onlt flotation oils in stoek
at the plant in sufficient quantity for full scale tLreatment.

During the whole of this preliminary laboratory testing
attention was focussed mainly on the attainment of a satislactory
regovery of copper only, although it was recognised that the
simultaneous recovery of gold values was no less iuportant, and that
on the recovery of this metal might depend the success, or fallure,
from an economic point of view, of this method of treatment as applied
to low grade material of the nature of the Haorbour View residues.
Hence, the recovery and extraction of the gold was not taken #%neo
into account in this prelimi:ary work, although the results of small
scale testing previously carried out by the company's staff led to
the conclusion that a recovery of forty per cent., or over, of the
gold values might be expected.

In considering the results of this experimental work in the
laboratory, it must be borne in mind that there is a great difference
in treating such low grade material as these residues and in treating
freshly mined ore, for in the former case the proportion of metallic
copper present in the pulp bears a very low ratio to the proportion
of other solids in suspension in the pulp aiter the reaction necessary
for precipitation of the cop er, and therefore it 1is much more
difficult to produce a high grade cenent copper than in the latter
case in which the ratio of copper to other solids is very much
grealer. In the latter case it is much easler to produce a coherent
precipitate which will yield a firm froth carrylng a high percentage
of copper and a comparatively low percentage of slime than where the

uwantity of copper Lo be collected is small. Therefore, in considering
the extraoctions based on the difference between the values of the
head and of the residues, it must be remembered that, whereas
flotation residues of a certain value might indicate a comparatively
high extraction on & high or medium grade ore, yet, residues of the
same value produced in the treatment of very low grade material would
indicate a greatly diminished extracticn on this latter class of
. material. For instance, residues assaying O.> per cent. copper
would, in the treatment of 3 per cent. ore, indicate am extraction

of 83.3 per cent., whereas residues of the sawe value frow the
trealment of 1.5 per cent. ore would indicate an extraction of only
66.6 per cent. There may, possibly, be a limiting value below which
it is not possible, econowiecally, to reduce the value of the residues,
and therefore, equally efficient treatment of both calsses of material
would give percentage extractions difiering very materially in lhe
two cases, although the residues from the treatment of the two calsses
of material were of the same Jrade. Therefore, in considering the
results of tests on diflerent grade waterials, either swall or full
scale, due regard must be paid to the relative grades of these malerials
before deciding whether the test work has been effieient, or the
reverse. ‘1he econowic aspect of this pemt point must also be Laken
into account, for, although it may be possible to produce lower grade
‘ pesidues Irom low grade ores, such results may be obtalned at a much
enhanced ccst and uay therefore not be a comuercial proposition.

in other words, the best extraction metallurgically is not always
the best extraction commercially, as the extra cost of securing the
increased extraction may be greater than the value of the additional
metal recovered. Hence it may very often be possible Lhan an
extraction of 66 per cent. is a better comuercial proposition than
one of 80 per cent. This fact must particularly be borne in mind

in eonnection with the treatment of low grade uaterial such as the
Harbour View residucs.

In all the laboratory testing carried out by we during oy
stay at Kundip the ore usec has been Harbour View residues assaying
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from 1.4 to 1.8 per cent. copper. The average value of the duwp
of this waterlial, which 1s estimayed to contaln approxinately twelve
thousand tons, 1s 1.48 per cent. copper and 3,5 dwt. gold per ton,
thcsg assay values having been obtained by systematic sampling of
the duxnpe.

The company's wmanazer appeared to have a preierence for

treatment of larbour View residues by elutriation as acainst direct

flotation, and it was therefore decided Lo investigate the treatment
from both aspects. My own experience in the treatment by flotation
of gold ores containing high percentages of colloids led me to
expeot thal successful results might be obtained on the Harbour View
residues Ly the adoption of similar prineiples, or modifications
thereof, Lo those which I had found successful in the case of
Kalgoorlie ores. I therefore decided to investi ate the problem

of the recovery of the copper (a) by direct flotation imuediately
subsequent to the reaction, and (b) by eilutriation of the sliue
after the reaction, followed by fiotation of the precipitated copyer.
in additlion, the reaction for the precipilation of the copper was
also investiated.

It was expecte. that the elutriation method would be open
to the objection that it would be very difficult to prevent some
at lcast of the precipitailed copper irom being carried away in
suspension with the sliwe overflew irom the elutriating vessel.
This was found to be borne out both in the laboratory and in the
plani, the result being that high extractions or recoveries could
not be obtained by this wethod. !

PRECIPIT AL ION REACI ION.

The reactions by means of which copper is precipitated in
metallie form, as originally put forward, consisted of a gycle of
operations involving decomposition of the copper minerals at 709C.
by the action of a solution of ferrcus sulrhate and sodiun chloride,
and simultaneous precipitation of metallie copper, by means of
wetallic iron, irom the chlorides of copper sc formed. I found at
Kundip that for testing purposes il was necessary to depart sowmewhat
from this orijginal intention and to use sulphuric acid instead of
ferrous sulphate, and scdium chloride was not available for plant
worke. This modification of the original processdy does not
waterlially aflect the efrficiency of the reaction, nor is it wasteful
of reagents, for the reactlons by weans of which the copper is
precipitated aré coyelic and go on simultaneously, so that the
solvent aclion on the copper is partly due to sulphurie acid and
partly to efrrous sulphate forued during precipitation of cop;er
frou copper sulphate by iron. Hence, it 1s nol necessary Lo use
sulphuric acid in quantity cuenically equivalent to the copper
present, although the minioum quantity of acid suitable for any
particular ore has to be determined. This winiium guantity has
been determined for Harbour View residues by experimental work in _
the laboratory, although it was found that sosewhat higher reoovcriea\
could be oblained by Lhe use of lerrous sulphate and sodium chloride
than by the use of sulphuric acid. Since the acld used is \
consicerably less than the awmount chemically equivalent to the copper
present, and since also the two reactions of decomposition of the
copper minerals and precipitation of wetallic copper are cyelic and
go on sluwultaneously, il follows that a definite period of time
must of necessity be allowed during whicgh the reactions of decomposition
and preecipitation wmay proceed as nearly as possible to completion.
This period has been found in the laboratory to vary irom ten to
twenty minutes, and a similar period has been found necessary in
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full scale work. The speed of these reactions depends also on lhe
temperature at which they are carried out and it has been found

that the reactions are rapid at 70°C. and slow at lower tewperatures,
and that no material benefit is obtalned by perfrouing the reactions
at higher teuperatures; in lfact, at the higher temperatures and under
the vigorous agitation and aeration of the charge in the pachuca
there is a strong tendency for some of the precipitated copper Lo

become

oxldised and return into solution, causing low regoveries

and subsequent difficulties during flotation. Although sulphuric
acid has been usec in these tesls, ierrous sulphate is produced in
golution by the reactions, and eventually the solutions will become
so char, ed with ferrous sulphate thal the addition of only a small

quant it

y of sulphuric acid may Le necessary when treating

eontinuously, in order to gompensate¢ for loss of ferrous sulphate

by wastage and oxidation. Hence, when the plant 1s running on
continuous treatment, the sulphuric acid necessary gshould be reduced
to a winisun and the real solvent or Cecomposing agent will be
ferrous sulphate actlng in econjurction with Lhe sodiuw ghloride
originally present in fhe mine water used for Lreatument pUrposes.

., aboratory experiments nave been ecarried out, using as ccecompesition

a.ents,

(a) sulphuric acid, (b) sulphuric acid and sodiuws ehloride,

(¢) rferrous sulphate and scdiws ehloride. Theee experimants have

shown U
1e

e

1
a,

hat

the presence of sodiuw chloride assists the reactions and

tends Lo give higher recoveries than when this salt is absent,
higher recoveries of copper are posasible when using ferrous
sulphate and sodiw. chloride than in either of the other cases,
sulphurie acid used alone gives the lowest extractions,

the proportion of sulphuric aecld necessary varies irom ten

to twenty pounds per Lon of residues, .

the quantities of ferrous sulphate and sodium chloride
necessar; vary from ten to forty pounds and ten to lwenty
pounds per ton, respectively, but the eireuit solution
yradually becomes sufiiciently charged with these salts during
the reaction to render further additions either unnecessary

or only necessary in ssall amounts; hence, in continuous
treatment, the addition of saits for the decomposition of the
ore becomes very small and the cost of these reagents 1s
reduced to a minizum, because during the treatment, Lhe
necessary salls are regenerated and the only losses are

due to oxidation of lerrous sulphate and loss by wastage,

the time necessary for the reaction varies irom len Lo

twenty minutes,

the guantity of sponge iron, whiech depends on the grade of

the ore, is slightly greater than the quantily of copper
contained in the churge, varying irom a ratio of iron to

gopper of one Lo one up Lo six Lo five,

for the treatment of liarbour View residues by direct flotation
it isoadvisable to heat the char_ e Lo the necessary temperature
of 70°C. as rapidly as possible, and to carry oul ine reaction.
and the whole of the treatment with as little delay as possible
alter the requisite teuwperature has been reached; otherwise,
long continued heallng of this vaterial tends Lo convert the
colloidal sli.e Lo a condition in which it is extremely
difficult to prevent iis flotation along with Lhe copper, i
and, where steas is used for heating the charge, condensation
of this steam over a long period recuces the density of the
pulp to such an extent that flotation diffioulties are Vi,
increased, Fa
the reactions can be efiiciently carried out in a pulp
containing forty to fifty per cent. of golids, and flotation
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is ef{ioient in a pulp of the same or but very little lower
density,

10. for the treatment of raw oxidised ores, long continued healing
of the charge at 70°C. or over appears Lo have no haruful
eflect on rlotalion, except as resards dilution of pulp,

11. agitatlon of the pachuca charge during treatment must be
Vigorous and efficient so as to bring every partiocle of
copper mineral into contact with the reagent s.

IV was not found possible to investiate the applicability
of the reaction to the treatment of copper sulphide ores, although
the treatwent of these ores should ofier no difficulty, providing
roasting is efiiciently carried out. In faet, treatment in this
case should ofler less difficulty and at the saue tiue be less
expensive il the roasting of the ore is 80 conireolled as to oxidise
completely the copper sd&phidaa, and at the sawe tiwe to produce from
the sulphides of iron the ferrous sulphate necessary ror the reaction.
It may even be possible to control the roasting operation seo that
the greater _ortion of the copper sulphides shall be converted to
copper sulphate or basie sulphates of copper, which would require
a wminiium of decomposition reagents during the reaction in the
precipitation of the copper.

+he results of the laboratory testing indicate therefore
that the reaction can be carried out effieclently and econowically
on ores and low grade cupriferous residues with the rea;ents
mentioned, but variations in the class of ore treated will render
it Luperative that the conditions of treatment for each type of
ore wust rirst be invesii ated and laid down by systematic
laboratory testing.

A lew mlles irom the cowpeny's plant there is a large
deposit of jarosite, a sulphate of iron and potassiuvu, which 1
eonsiderec might possibly be utilised in connection with this
Prwcess, either for the production of the necessary sulphuric aeid
or sulphate of iron or for assistins the reaction without
preliminary treatment of the minersal. To obtain some information
on this uatter, I carried out a short laboratory investization on
the efiect of the usec of raw and roasted Jarosite on the reaction.
The results were interesting and engouraging and indicated that
further experivental work in this direction might be warranted, for,
in the laboratory tests on the treatment of Harbour View residues
with this material, both raw and roasted, and without the use of
acld, extractions ranging Irom forty te fifty four per cent. of the
eopper were obtained. These tests were mot, owing to lack of tiue,
carried suificiently rar to determine the applicability of this
mineral, but the results indicate that it way be possible to wake
use ol this .ineral in the process, with a couscquent reduction
of cost due to decrease in the amount of acid and other reaents used.

FLOTAT ION.

Cne essential point in the flotation of ceuent copper is
tihe necessity of carrying out the flotation as soon as possible
after the precipitation of the coprer, for the finely diWided and
spongy nature oi the precipitate renders it very liable to oxidation,
at lcast superiicially, on account of the exiremely large suriace
exposed, especially under the conditions of a_itation by weans of
air in the treatment pachuca and in alr 1lifts used for elevating
the pulp. This liability to oxidation is not vaterlally diwinished,
even alter cilling of the char_e, although the particles of cop er -
are then filwed with oil. In this oxidised or superilcially
oxidised condition, the copper particles beco. ¢ goated with a filam



(7)

of oxide which efiectually prevents flotation unless special
wethods are adopted for the resoval of the oxide filu. Por the
same reason, flotation of the cement copper is greatly assisted

by the introduction into the flotation mechines of reducing _ases,
such as producer gas, instead of air, which minisise the oxidation
of the copper.

‘dbhough all flotation tests in the plant were carried out
with blackboy tar and blackboy distillate as flotatlon reagents,
this does not indicate that this mixture iz the most efficient
flotation reagent for ceuent copper, for coumparative }aboratery
tests showed that somewhat better recoveries could be made when
using mixtures of eucalyptus o0il, coal tar, and pyricdine. In
flotation tests on Kalgoorlie ores we discovered that the use of
kerosene in conjunetion with heavier cils assisted {lotation of
the sulphides by producing a quiet, controllable froth, very free
from colloicdal matter. anticipating that siuilar beneficial
results might be obtained by its use in connection with the flotation
of cement copyer, particularly in the case of waterial econtaining
considerable proportions of colloidal slime, such as the llarbour
View residues, 1 decided to carry out flotation of the copper on
similar lines to those adopted for the flotation of auriferous
sulphides, viz.,using kerosene as an oiler and froth stabiliser,
and a mixture of blackboy tar and blackboy distillate in equal
proportions as a frother and occllector. My antieipations in this
directlion were fully realised and I was thus enabled to produce,
in the presence of the colloidal slime,a quiet, controllable, and
well loaded _roth, which gjave no trouble in the flotation machines.

In addition to the use of kerosene for the production of a
steady, controllable froth, it became necessary to adopt some
method of preventing, in part at least, the flotation of colloidal
slime along with the copper, so that a comparatively high grade
cement might be produced. This result was obtained by the use of
sodium silicate, which was added Lo the flotation machines in
quantities varying Jlrom two to four pounds per ton of ore. This
resulted in a olean iloat, which, in some laboratory tests, assayed
as high as eighty per cent. copper.

In all direct flotation tests in the plant, the necessary
oils - kerosene and blackboy tar and distillate - were added in the
reguisite guantities to the hot charge in the pachuca imuedlately
after coupletion of the reaction. The oiling of the precipitated
coprer was tius carried out under the moat lavourable conditions,
for the tar mixture is very liguid at 70C. and is therefore readily
emulsilied by the vigorous agitation produced by the action of the
alr liit. These vils were added to the charge, kerosene first,
and then the blacokboy mixture, in the nccessary weighed quantity,
the whole of the oil being added at once, and not at inlervals.

Under these conditions oiling was efficient. In Lthe case of

elutriation Lests, however, it was impossible, {rom the nature of

this method of treatuent, to add the oils in the same way, for

this method invelves, af ter ircatment, the separation of sand and

cezent copper from slime before flotation. ‘or this reason it was

necessary to pericrm the oiling operation arter the elutriation

operation, and for this purpose a small pachuca was placed in

positicn between the elutriation tank and the {lotation machines.

The underflow irom the elutriation tank was kept in agitation in

this pachuea Ly an air 1ift and was kept hot by a steam jet.

The oil was iniroducec by means of a mechanical oiling device into

this pachuca imuediately above the discharge opening, which was |

plaged about twe ileet below the top of the pachuea. This "

arrangement naturally did not tend to give the most efficient oiling,
1

oy

| &
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for some of the added 0il must have been discharged directly without
being emulsified and brought into contact with the precipitated copper.
This weakness, however, is not accountable solely for the failure to
obtain sapisfactory recoveries by the elutriation method, although

it no doubt had some influencge on the results.
non-success with this method of treatment lay in the inherent defeots

elutriation tLests.

RECOVERY OF CEMENI COPICI.

‘of the process which are particularised in the results of the

The main cause of

The product frox the cleaner #:eat flotation machine, after

thickenlng, gravitated to an agitator from which it was to be
pumped into a small Johnson filter press.
be quiie unsuitable {or this purpose and therefore the cement

This press was found Lo

produced in each test was filtered by gravity through xanvas, dried,

welighe. and assayed. This prg%%ﬁw

found iupossible to rely on the

s adopted because it was
‘ of the flotation residues for
determination of the percentaje extraction and because it was

considered more satislfactory to determine the extraction of copper

from the amount of copper actually recovered.

This recovery is

shown in conjunction with the extraction calculated from the value

ol the head and the residucs.

e e
PLANT TESIS.

ihe flotation sachines installed in the plant were not

gsufficient in number to enable results to bYe obtained in concordance

with those obtaine. in the laboratory, where flotation could be
continued uutil the charge was clean.

In spite of all disadvantages,

results were obtained in the treatment of both Harbour View residues
and of mine ore which, under the circumstances, were considered to

be highly satisiactory. In the early stages of this work, fz:%lities
the re ts

were not available for filtering the cement copper
of the tests had to be calculated from the residue
following description of these tesig

the difference between tLhe copper

P
q;traction“ is calculated on
s of the head and residue

In the

samples, while "recovery" is based on the actual weight of copper
recovered. The latter is of greater value than the foruer, as it

indicates the comuercial result of the test,
of the process is the percentage of copper actually recovered.
The comparatively crude method of recovering the cement copper,
however, entailed unavoidable lecsses which tended to make the
extract;on.

recovery lower than the
N AT 1\ AT

il

Head Value, per cent, Cu

Ore cnarge, tons

Jer ceni. solids in pulp
Sulpturic acid used, lb. per ton
Iron used, 1D.

Ratio iron : copper

rerosenc, 1be. per ton

Blackboy mixture, 1lb. per ton
Reactlion Lime, winutes

Sodiuwm silicate used, lb. per ton
Rougher floal, per cent. Cu
Cleaner f{loat, per cent. Cu
Hesidue, per ceut. CQu
Extraction, per cent.

Hecovery, per cent.

Flotation tiwe, hours

‘Zkuﬂﬁ;L
3_3_5

. " 1

sinece the crucial test
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The ore for Test 1 was raw ore while that for tests 2 and 3
was a mixture of raw ore and Harbour View residues. In Tests 2 and
3 the cleaner flotallion machine was out of commission and therefore
the roygher floal was passed directly bo the concentrate thigkener,

TESTS ON HARBOUR VIEW RESILUES 3(direct flotation of copper)

Test No. 4 ) 6 7 3 G 10
Head yuluo, per cent.Cu 1.48 | 2.08| 2.08|2.12 |2.12 |2.12 [2.12
Ore charge, tLons 5 9 125 (25 (2.5 (2.5 (2.5
Per cent. solids in pulp 42 42 42 (44.5 44.5 44.5 44.5
Hp504used 1b. per ton 20 20 10 18 18 18 18
Iron used 1b. 225 (250 | 104 |120 [120 [120 [120
Ratio liron : copper | 312 | 5: 1sf (1039 [ 10:9 | 1039 (1039
Kerosene, 1b. per ton 0.5 0.; Oed | 0s5 0.5 | 0D 1.0
BE mixture, 1lb. per ton 1.0 19 | 1.0 1.0 1.0 1.0 1.0
Reaction tiue, minutes 10 10 10 20 30 25
Scdium silicate, 1lb. per ton | n.d. 2.8 | 4 2 2 3 e
Rougher float, per cent. Cu |41.36/21.62R2.56/15.98/18.8 | 9,58 [16.92
Cleaner float, per cent. Cu | 53.5 |52.1739.95/48.41(64.4 33+3739+01
Residue, per cent. Cu 0.82| 0.82 0.94| 1.02| 1.08| 1.15| 1.22
Extraction per cent. 44,6 60.58 5448 51.9 49.0 [45.4 44.3
Recovery per cente. - - - - - 405 |57.9
Flotation tiue, hours 2.5 - 2 1.08| 1.4 1.& 1.16
TESIS ON HARBOUR VIEW RESILUES (elutriation)
Test llo. 11 12 13 14 15
Head value, per cent. Cu 44 42 4= “+4 s
212 2. 12 2.12 2. 12 2. 12
Ore Qhﬂnrﬁu‘e’ tons 2.5 2-5 2.5 205 2.5
Per cent. solids in pulp 44.5 42.8 43.8 43.86 4348
Hp3504 used, 1lb. per ton 20 0 20 20 20
Iron used, lb. 140 110 110 110 140
Ratio, iron : copper 4:53 131 1:1 1:1 4:3
Kerosene, 1lb. per ton ) )
BB mixtgre, 1b. per ton ) liob | determined
Reaeotion time, minutes 25 25 25 25 25
Sodium silicate, 1b. per ton 6 4.5 4.2 4.5 6
Rougher float, per cent. u |24.92 21.62 36.6
Cleaner float, per cent. Qu | 39.01 - -
Elutriation re¢sidue, ” Qu 1.52 2. 11 1.69
Flotation residuse, Cu . 1.10 0.89 1.03
Regovery per cent. 29.18 35.8 28.53
Flotation tiuwe, hours | 1.4 S5e4d 1.05

“ests 12, 13, and 14 were run consecutively and the cement copper
from the three tLests was collected 2s one concentrate in the
thickener.

{his method of treatment of the residues can not be recommended
on account of the practical impossibility of preventing precipitated
copprer from belng carried awuy with ihe slime overflow during the
process oo elutriations The high copper value of the elutriation
residue shows that this is taking place, and this is confirmed by
the effluent from the elutriation tank depositing finely divided
cewent cop.er as a film on the surface of the pulp in the residue
thiekener during the progress § of elutriation.

CULIC QS

<

My experience with the process on a working scale, although
obtained in an ¢ ineffiecient plant, indicates tha this process is
capa le ofmaking guite a satisfactory recovery of copper from Iraw
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oxidised ores of varying grades and also irom V
Such recovery can only e made in an ef ficient
nodifications in the method of treabuent may be
types 01 Orcs..

ery low grade material.
plant and slight
necessary for dif:erent



AFPERDIX.

ANALYT 1CAJ. METHOLS.

CYANIDE SOLUL IONS.

Free (yanide.

Y0 PO e.c. of solution add 5 c.c¢. of 1 per cent.
potassiuw iodide solution and titrate with standard silver
nitrate solutlon until soiution is permanently cloudy..

The standard solution of silver nitrate is made
up so thal when 50 c.e¢. of cyanice solution are Laken for assay,
each c.c. of silver nitrate solution is equivalent Lo U.C1 per
gent. KCl, i.e., by dissolving 6.519 gram pure / liC4 in
distillied water and diluting with distilled water L6 1000 c.c.

‘roteciive Alkali.

To the solution after ceterminalion of free gyanicde
add silver nilrale in excess, add | drop of 1 per cent.
& leoheolile phenolphthalein solution and titrate with stancard
oxalie acld solution untili the pink colour is desiroyed.

The standard soluticn of oxalle acid is mad. by
dissolving 11.25 jram pure orystallised oxalie acid in water
and diluting to 1000 g.c. On a 5% e¢.0. sample of eyanide
solution, each c.es of oxalie acid solution is eguivalent to
Q.01 per cent. Cal.

Gold.

io 5 issay Tons (1 A.T. = 29,165 cec.) of solution
add 10 c.c. of a 10 per cent. lead acelate solution, then 2 gram
zinc shavings. Heat below boiling point for about 2% winutes.
AGG 20 c.es concentrated hydrocnloric acid and continue heat ing
until efiervescence ceases. Press the sporgy lead inte a cake,
decant off solution and wash the lead. I'ress the lead into a
compact mass, place in a plece of lead foil with sufiicient
pure silver for parting, leaving an cpening for esmecape of steam,
cupel, and part with dilute nitric acid.

Yano en Bro.lde.

To 50 cec. of gyanice solution add Jjust sufrficlient
acetic aeid Lo make Lhe solution acid, add 2 gram polassium iodide,
shake well and allow to stand five minutes. iitrate with
standard sodiuwn thlosulphate solution, using starch indicator.

(The end point is quite sharp without the use of the indiecator.)

If the soluticn to be tested is acid, make slightly
alkaline with sodium carbonate and then jusi aeid with acetic
acld before addition of  otassium iodide.

The sodium thiosulphate solution (C.IN) is
standardised by titration acainst a standard scluticn of
potassiuu diehromate whose iron eguivalent has been accurately
determined. bilute 20 ¢.c. of dichromate solution to 100 ee.c.,
add ) c.c. conceniraled hydroehlorie acid and 2 gram potassium
iodide. “hake well and allow to stand five mimutes. Titrate
with thiosulphate solution, using starch indicator. '

ClBr equivalent of dichromate = Fe equivalent x C.3464.
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To 0.5 gram of ore add 10 - 20 c.c. of = saturaled
solution of potassium chlorate in conceniraled niirie acid.
Allow Lo stand in a ware place for 10 awimutes, then evaporate
slowly to dryness on the hot plate. Add 2 sram pure sodium
carbonate and 100 c.c. of boiling water. Fell ten minutes, fidtel

filter and wash well. take filtrate sligjhtly acid with hydroeniorie

acid and boil till all carbon dioxice is expelled.  add from
a pipette, drop by drop, 10 c.ce. of a boiling 10 per cent.
solution of barium ehlcoride, with constant stirring. Allow
to stand on hot plate until bardum sulphate settles out
gompletely. rilter and wash with boiling water witil filtrate
is free Irom chlorides. Incinerate filler paper and ignite
residue and weigh as barium sulphale.

Velght BaSO4 x Ce 1373 = vel ht Sulphur in sample taken.

Selenium and lfellurium.

Yelgh 10 gram of core into a 400 c.c. beaker. ~dd
25 e.0. waler, 2 gram potassium chlorate and 15 c.c. nitrie seid.
Digest for 30 mimules in the cold and Lhen evaporale Lo dryness
on a steam bath. Cool and add 15 c.0. HCl. vhern violent
action ceases, evaporabte to dryness on the steam bathe. Ada 150
c.0. wulera nd 15 e.c. H{l and warm on the stean bath until

‘all soluble salts are dissolved. Filter and wash four or five
,biuwes with hot water. ileal the clear filirate to boiling,

remove Irom the hot plate and add HCl equal to one-~fourth Lhe
volume of the solution. Pass into the solution a stream of
502 ed selenlum is first precipitated und on continued
passing of S0y blaek tellurium is precipitated. Continue
passing 50, until the precipitate coagulates. Wash down the
delivery tube and filter. Tash two or three times vith cold
water. Place paper and precipitate in original Leusker, add
10 c¢.¢Ce congentragted Hl0, and break up filter paper with a
wlass rod. Heat on st bath uotil precipitate is completely
dissolved. Idilute to 25 c.0., filter off the paper pulp and
wash well with several small portions of water. Evaporate
filtrate to dryness on the steam bath. Add 10 c.c. concentrated
HCL and 2 gram NaCl; heat Lo boiling and boil _ently for one
minute. Ssturate with 50, while hot. fled seleniumn is
precipitaled Ifrom the concentrated acid, free irom tellurium.
Pour on to a wei_hed Gooeh cruecible, decaenling the suspended
selenium from the residue of undissolved NaCl. Tash Lhree
times with 1iCl (9 aeid : 1 water) and then add water Lo the
beaker Lo dissolve the remaining Madl. Pour the solution
thro.gh the Gooeh cruelble and then wash with waler till all
NaCl has been dissolved. Lry on steam bath, cool in a
desiccator and weigh as Se.

Uilute flitrate irom the Se to 300 c.c., heat to
boiling and again pass =0 until well saturated. ' Plack Te is
completely preecipitated in HCl of 25 to 60 per cent. concentration
¥ilter on a weighed Cooeh coruecible and wash with dilute HCl.
(1:83), followed by five washes with water. LUry on the steam
bath, ocool in the desiccator and weigh as Te.

- Copj er.

Lecompose O.) gram ore with concentrated HNO, and HCl.
fvaporate Lo suall bulk, gool, add 7 c.c. concentratca Hp804,
and heat until copious fumes of 50~ sre evolved. Cool, dilute
to 100 ¢.c., add 10 ceGe brouwine water and boil till all bromine
is expelled. ACQC TH40H until a faint permsient precipitate
forwse. AMdd 10 c.c. glagial acetic aecld, eool, add 3 ,ram
amuoniwn fluoride, stir until dissolved, and add 3 gram Kl.
Shakg well, allow to stand five minutes, and tLitrate with
standard sodium Lhiosulphate solution, using starech indicator.



Lime, Cal, in Commercinl) 1ime.

¢lgh 2 gram of sample into & liire flask and £ill to the
wark with a sugar solution contai ing 20 _ram sugar per litrec.
Stopper flask and shake at intervals for an hour. Jdlow to
stand over night. Shake well and take out 250 c¢.c. and titraste
with normal hydrochlorie acid, using phenolphthalein as indicator.





