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RECOVERY OF GOLD

ROM ARSENICAL GOLD

RES

FOREWORD

The experimental work which comprises the
subject matter of this thesis was carried out in the Met-
allurgicel end Ore Dressing Leboratories at ¥McGill Univer-
sity. A flotation concentrate from the Beattie Mine, re-
ceived at the University in the fzll of 1936 was used. At
the time the treatment of the ore at this property coasisted
of direct cyanidation followed by flotation, the flotation
concentrate being shipped by rsil and water to the Tacoma
Smelter of the fmericsn Refining snd Smelting Co. Ltd.

Since the investigation conceras itself with
the extrsction of go0ld from arsenical ores by the cyenide
process, & short history of the develoyment of the cyanide
process is included, as well as 2 summary of previous work
treating ersenic ores. A review of the modern concept of the

mechanism of gold solution is e2lso included.



The work was under the direction of Professor
J«U. MacEwzn, Birks Professor of Metellurgy to whom thenks
are due for his advice and criticism in the experimental
work, end in the preparation of this thesis. The writer
also wishes to scknowledge his indébteduness to Professor
J.W. Bell for his meny sugzestions snd permission to use

the equipment of the Ore Dressing Leboratory.



DEVELOQ OF CYANIDE PROCESS.

The extraction of gold and silver by the use
of cyanide solutions began from suggestions and lsboratory
experiments which conveyed to verious minds the possibility
of devising = process for dissolving precious metals from
orese That gold was soluble in cy=nide solutions to which
air was accessible was xnown for meny years before asny prac-
tical process was developede Hegem (1) in 1805 is reported
t0 have mede the statement that gold is dissolved, mot only
by free chlorine snd aqua regiz, but By 2 solution of pruss-
iete of potashe. OClemnell in his Cysnide Hendbook (2) attrib-
utes to Hegen the earliest statement of the solubility of
metallic go0ld in cysnide solutions, although he admits that
no confirmation of the reference is available.

No practical use however seems to have been
made from this discovery until the middle of the ceumtury, al=-
though some interesting investigations were mede. In 1843,

Prince Pierre Bagration (3) published the first scientifie

literature on the subjecte At the close of his paper he



states that "it is certesin that in future cyanides of
potassium must be reckoned emong the number of solvents
of g0ld.* Glassford snd Nppier (4) in 1844 published =
paper giving considerable information about the preparstion
and properties of the cyanides of gold and silver. The
peper also contains the easrliest reference to the volum-
etric method of estimating the free cyanide present in
solutions, »y means of silver nitrate. Elsmer (5) in
1846 showed that oxygen played en importaumt pert in the
solution of gold, silver and other metals in cysmnide sol-
utions. He formmleted no equation although the accepted
expression of this reaction goes dy his name. Faradsy (6)
in 1856 made use of s cyenide solution to produce thin
£ilms of golde

The earliest reference to the effecti\;eness
of cysnide solutions in dissolving gold fram ores to be found
in a parsgraph of a letter written Wy Wurtz (7) in 1866. This
reference cannot however be considered as an anticipation of
the cyanide process,since Wurtz only mentioned the phenomenon
as a drawbsck to the use of potassium cysnide as an 2id to

emslgsmstion. The following year, J.H. Ree (8) obtained



a patent in the U, S. A. for his process entitled an "Im=-
proved Method of Tresting Auriferous =nd Argentiferous Ores.®
The process mede use of an electric current. The current was
passed through 2 solution of potassium cyanide in which the
crushed ore wes being agitated. This current was believed
to facilitate the solution of the gold and silver =nd at the
same time to precipitste the dissolved metels on cathodic
surfaces of copper. Between the grenting of this patent in
1867 and 1885, many other patemts were applied for. GClark(9),
Faucett (10} and Senders (11) obtained patents in the United
Stetes all of them involving the use of c¢yanide or some cyan-
ogen compound in the treatment of gold znd silver ores. It
is of interest to note that in these patents the use of the
chemical is suggested as 2n 2id to =malgamation and not as
a solvent for gold. Also during this period msny investigat-
ors such as Hehn (12) in 1870, and Skey (3) in 1875 published
their findings on the dissolution of gold in ores by the use
of cysnide. Hshn describes experiments showing the solubil-
ity of silver sulphide in cysnide solutions and poénted out
that gold present in sulphides in ores was soluble in cyanide
solution. He mentions the Union Mine in California where this
knowledge was being used to advantage. Skey made the observat-
jon that the action of potassium cysnide as used at the time in

connection with smslgamation occasioned a loss of gold and silver
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s these metals were both soluble in the solution.

In 1885 Simpson (14 ) zpplied for a patent
in the United States for a process of separating gold, sil-
ver and copper from their ores. He made use of asolution
of potessium cyanide end carbonate of smmonia. Almost at
the same time Endlich, Mahlenberger (15) and Louis Jeanin Jr.
(16)y metzllurgists of the time, began to interest them-
selves in the cyanide treatment of gold ores. In their writ-
ings however they speszk in a disparaging way of the prospects
of solutions of cysnide 28 a commercislly successful solvent
of gold and silver. It msy be concluded from the remsrks of
Jenin thst the practical difficulties in the way of the spp-
lication of solutions of cyanide salts es a solvent had not
been overcome by 1888, when MecArthur end Forest (17) obtzin-
ed their patent.

The essentiel points in which this patent diff-
ered from those of previous patents are enumerated in Clennell's
Cyanide Handbook (2) as follows,

“"l. The solutions of the gold and silver is to be
effected by mesns of a liquid to which 2 cyanide alone is added,
without the aid of en electric current or other chemicels.

2¢ The patentess emphesize the use of dilute in

preference to strong solutions for accomplishing their purpose.
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Se Certain definite relations are specified
between the quentities of ore vslues in gold smd silver,
end strength and quantity of solution, which, however,
were not adhered to in practice and csnnot be regarded ss
being essential to the processe

4, Cy=mogen g=s is mentioned as one of the sol-
vents claimed "

To ¥MecArthur and Forrest is due not only the
distinction of being the first to prove the worth of the use
of cyanide solutions by = practical demonstration, but it is
also to their credit that they were the first to recommend the
use of alkalis, such as poteash or lime, for neutralizing the
ore previous to cyasnide treatment. They slso recognized the
vealue of zinc as a precipitant, and were pioneers in its use
in a finely divided states The modera cyanide process dates
from the muccessful operation on s commerciel scale o‘f a cyan=-
ide mill at Karangasheke, New Zealsnd in 1889.

Arrsngements were now made in the chief mining
countries to introduce the process om a practical basis, and
meny mills were erected in South Africa, New Zealand and the
United States. But the chemistry of the process was not well
understood and es s result msny of these attempts were unsuce-

essful. It wes not until investigators the world over turned



The
their sttention to a study of,process that the early diff-

iculties were overcome. In 1896 George A, Packard (18)

wrote of the application of the process in the United States.
“In 1892 the Livingston Mill, Colorsdo was running = few small
agitators; the Mercur Mill in Utah was said to be a success,
but was 'closed down to increase cspacity.' Mills had been
or were being erected in Arizona; on the Comstock ine; and
in South Dekotae. Some of these never started, =nd several
were shut down or remodelled for other pro€esses. Altogether
the outlook was anything but favourable.® But he goes on to
sey, "Since then the improvements of the process both chemic=
ally and mechsnically has rlesced it zmong the recognized succe-
essful methods of ore trestment."

And in the seme year H.F. Furmen (19) describe
ed a series of laborastory tests to be used in connection with
the extraction of gold from ores by the cysnide process. In
his article he declares that, "It is the opinion of the writer
that, hed the following simple tests been better understood
msny of the feilures would not have occurred, and we should
probably have a larger number of successful plants in operation."

By this time so much interest hed been aroused
throughout the mining world in the cysnide process that many

chemists and metallurgists turned their attention to a study

of the difficulties euncountered. In a very few years, by 1910



or therezbouts most of the mechenicel difficulties hsd
been solved z2nd the process took its place as the most

importent of 211l known methods of extracting gold.
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TREATMENT OF ARSENICAL GOILD ORES,.

As fer s the treatment of arsenical gold
ores is concermed one of the first proparties to attempt
the spplication of the cy=nide process was the Ouro Prito
Gold Mine in Brazil (20). At this property the chlorin-
ation process wes used successfully until 1907, when it
was replaced by the cyemide process. In 1910 Kendell (21)
reports their treatment as consisting of concentration,
washing with lime snd followed by the use of cysanide.

A pamphlet by Leaver =nd Woolf (22) publish-
ed in 1926 by the United States Buresu of Mines lists four
other properties which at the time were successfully treat-
ing arsenical gold ores by the cysnide process, These were,

The Jerdine Mining Co. at Jardine, Montens,
UeSehe, (23) where 83 per cent of the gold was extracted by
a process which consisted of emalgamation, gravity co;:nen-
tration, fine grinding and flotatiome The flotation concen-
trete wes then roasted; the calcine reground and then cyanid-
ed.

The Hedley Gold Mining Company et Hedley, B.C.
(24) Cenada where 88 per cent of the gold in en arsenicel gold

ore was recovered by =smelgametion, cyemidation, and the sale of

an arsenic=gold concentrates
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At Las Belliere, France in 1910 sn ore contain-
ing auriferous mispickel was treated by tube milling followed
by concentration, the concentrate being roasted and cyanided
(24).

The Com =znd Motor Mime in Rhodesia (25) after
a year of experimentation evolved a treztment which recovered
85 per cent of the gold in sn arsemical gold ore containing
1.19 per cent antimony.

The pemphlet by Leaver and Woolf gives the results
of e study of the cysnide extraction of gold and silver associat-
ed with arsenic end antimony in ores. This publication together
with a later report by Woolf =nd Jackson (26) ere the only pub-
lished investigations on the subject that the writer has been
eble to finde Leaver and Woolf note that,

(a) Roasting at a high temperature seemed to lock
up more gold then = low temperature rosst. They studied the
extrection of gold in em artificislly prepared iron-arsenic
sulphide and found that at e higher temperature of 650° c 22
per cent of the gold was locked upe A low tempersture roast,
about 450° G, resulted in a loss of only six per cent of the
gold.

(2) They also found that the addition of lime be-

fore rossting seemed favorable for the extraction of gold by
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ocyanide solution, that is, the calcium arsenate reteins
less gold than the ferric arsenate.

The later work by Woolf and Jackson was pub-
lished in 1938 as a section of Report of Investigation No. 3425
of the U, S. Buresu of Mines, It deals with the treatment of
ersenical gold ores only. These ores are divided into two msin
divisions, those thet require rmasting, and those that do not
require roasting. The second group is further subdivided into
four.

(1) Ores =menstle to cyanidation after a low tem=~
perature roast, that is, a temperature not exceeding 550° Ce

(2) Ores thet require roasting at a temperature
above 550° C to produce a celcine suiteble for cyanidation.

(3) Ores the celcines from which reguire esn acid
treatment before cyaniding.

(4) Ores which because of their high lime content
cennot be given s sulphating type of roast and cemnot be scid
treated efter rossting. In cese such ores do not respond to
a straight oxidizing roast they may be treated by flotation
to remove parts of the refrasctory mesterisl, aefter which the
flotation teiling may be rossted and cysnided.

In general Woolf anmd Jackson contimme the work
begun in 1926 by Woolf and Leever. They advance & considerable

emount of interesting inmformetion, noting thet ores which are
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epperently similar require very different trestment dur-
ing rossting. They suggest thet this phenomenon may be
due to the gold bearing arsenicel sulphides heving different
cerystelline structures. A structure which is exceedingly
dense would require = higher roessting temperature to de-
compose the sulphides and liberate the golde.

In sddition to the sbove there are available
the reports of investigation of the Cenadien Department of
Mines. From 1926 to 1937 twenty-five srsenicel gold ores
were studied at the ore dressing laboratories of the Depeart-
ment. Various treetments were recommended end recoveries
ranged from 55 per cent to 95 per cemt of the gold contente
In commection with these investigations two points are worthy
of mention. One is that in study ing the ore of Whitewater
Mine st Taku River, B.C. (27), it was noticed that roasting
at a comperatively high temperature of '750o C locked up more
gold then a low temperature rosste This is in agreement with
the findings of Leaver and Woolf as mentioned earlier in this
section.

Secondly in imvestigating the roesting of a flot-~
ation concentrate from the Beattie Mine, Duparquet, Quebec, (28)
the report states that after roasting,s long period of grinding

with lime sppeared to improve the extraction.
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The only additimal articles which have
appeared on the treatment of refresctory gold ores are papers
which were presented before the various mining and metallurg-
ical Societies by the executives of various companies, describ-

ing the method of ore treatment at their plant.



- 15 -

THE MECHANISM OF GOLD SOLUTION.

There is no doubt in anyone's mind to-day

a8 to the velidity of Elser's equation
4 Au + B8KCN + 2H20 + 05 —» 4KA.u(CH)2 + 4 KOH -

in representing the reaction of the solution of gold in
cyznide. But when the equation first sppeared in Watt's
Dictionary of Chemistry soon after 1846, a2nd for many years
after, many chemists =and metallurgists believed it to be in-
correcte

One of the first men to criticise the equation
was J.Se MacArthur. In 1890 (2 ) he said that he "never could
find that the presence of oxygem was necessary either to diss-
olve gold by itself or fram ores by cyesnide.," MecArthur thought
it more probable that hydrogen was evolved according to amn eg-
ustion lzter expressed in sn independent iuvestigation By L.

Janin (30) as

4KCN + 28u + 2H20 =--» 2KAU(CH)Z2 + 2KOH + Hz
MscArthur gave no proof of his contentions.
Five years after this smouncement J.Se Maclsesurin

(31) published the results of a careful investigation into the

role of oxygen in 4 issolving pure gold foil in a solution of



pot assium cyesnide =nd concluded that oxygen was necessery
and thet no gold dissolved in its absences At the ssme time
he advenced the first discussion of a possible mechanism for
the role of oxygen in the reaction. He suggested three hypo-
thesis giving the following as the most probable; that the
oxygen end the cyznide ion sct simulteneously on the gold

in bringing asbout its solution. His expleametion was that the
affinity of gold for cyenide ion, and oxygem for potassium
ion, was greater than that of potassium ion for cysnide iom.
In essence this is the modern concept, slthough the modera
electrochemical explenation expresses it in a simpler and
clearer form.

The follow ing yeer, 1896, S.B. Christie (32)
eriticised MascArthur very sharply for his assertions. Christie
qoted from MecLsurin to prove the necessity of oxygen to bring
about the solution of gld. He slso declered that a personal
int ensive investigstion hsd convinced him of the role played
by oxygen and completely confirmed Elsner's equation. He ex-
pressed the delief that gold will go into solution ounly if free
cysnogen is produced. The mechenism of solution is described
as follows, "The affinity of the potassium for oxygen snd water,
combined with the affinity of the cyemogen for gold and cyanide
of potessium,6leads to the formmtion of potessium surocyenide

and czustic potash.®
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Clennel and Butters (33) in 1892 accept-~
ed Elsner's equetion., They showed that the amount of cysn-
ide used in plsnts operating at the time was considerably in
excess of the smount recquired, snd expleined the additionel
consumption as being due to the destructive actiom of ascidic
material present.

Bodlaender (34) carried out experiments which
indicated that Elsner's equation was correcte He dissolved
gold readily in aerated solutions and showed that hydrogen
peroxide is formed when gold dissolves im cyanidee He rep-

resents the reaction as follows,
0, + ZHZO + 2Au 4 4KCN --» 2KAu(CN), + 2KOH + 11202

The hydrogen veroxide then reacts with more
gold causing the solution of two more stoms according to the
following equation

The two equetions combined give Elsner's
eqation. Bodlaender carried cut @ antitative experiments
and wes able to detect 72.3 per cent of the hydrogen peroxide
theoretically required by the first reaction.

In 1897 Bethel floated gold leaves on a cyenide

solution snd excluded oxygen by a contimal passage of a stream



of hydrogen, when no gold dissolved. The following year
writing in the South Africen Mining Journel (35) be suggest=-
ed that KAu(CN),wes formed ss =sn intermediste product. The

eqstions would then be

280u + 6KCN < 2320 + 0 =--» KAu(CN), + KAu(CN)4 + 4KOH

this is followed by

Ku(CN), + 26u + 2KCN -— 3Kau(CH),

The combination of the two equations giviag the
Elsaner ecguation.

In 1900 S.Bes Christie (36) presented the electro-
chemical theory of the solution of golde The theory is based
on Nernst's Theory of Solution Pressure snd the Dissociati?n

Theory as advenced by Arrheniuss Until the work on solutions
by these men was generally accepted, and the theories.advanced
by them to explain observed phenomens were recognized, no sat-
isfactory explanation of the solution of gold in cyanide sol=-
ution could be advanced. Christie’s article is the first att-
empt et a correlstion of these theories and the first present-
ation of the modern councept of the probleme. His explsnation

is similer to the ome given at the close of this section.
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About this time, 1903, Julien and Smart's

»ook Cyeniding Gold end Silver Ores (37 ) first appeared.

In it they advanced the theory that the solution of gold

was due to the sction of a galvanic couple. To bring about
solution of the metal there was needed a difference of pot-
ential between two points on its surface, and secondly, these
two points had to be in electrical contect in the seme solution.
A similer couple would be set up if the gold was pleced in the
solut ion in contact with = metal, electro-negative to it in

the solvent.

Julisn =nd Smart declared that "For the continued
dissolution of gold and silver at ordinary temperature and press-
ures, oxygen or an oxidizing agent is desirable if not absolutely
essential." But they continue the oxygen, “has no direct action
in the dissolution of gold."

They give the mechanism ss being similer to the
followings When the gold is present in a cyenide solution in con-
tect with & metal which is electro-negative to it in the solvent,
sn electric current is set up, gold dissolves and hydrogen is de-
posited on the cathodic metale From this we may sumise that Julien
and Smert probably sgreed with the following as en expression of the

reasction.
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4KCN + 2Au <+ 2H20 - 2xhu(CN)2 4+ ZKOH «+ nz

The hydrogen genersted tends to polarize the
cathode and results in 2 diminution in the curreant strength.
When the cethode is completely polerized, the current stops
and solution stops. The effect of a2ir or oxygen, or en oxid-
izing agent is to saturate the solution surrounding the csthode
and induces the occluded hydrogen to become ionized forming hy-

drogen peroxide and weter, as well as water directly

g <+ 02 -— 3202
2H B -
- 202 - 2320

2H « O -3 2H20

The =bove mepbhenism is plausible, but it only
permits the solution of gold in the presence of, znd in contact
with a metel which is electro-negative to it. It has been shown
by meny investigators that in the presence of oxygen, pure gold
foil will dissolve in cyanide solutions. The Julien and Smart

mechanism offers no explenztion for this phenomenon.

From 1903 to 1918 the literature contains three

references to the solution of gold. In 1904 Engler =nd Welssberg(38)



and in 1913 Reichenstein (39) expressed the belief that an
intermediate product, gold peroxide, is formed., In 1917
Watts end Whipple (40) declared that the access of air is
essential to the solution of gold in the potassium cyanide
process, being attended by the evolution of hydrogen.

In 1918 T.H. Crowe (41) delivered a paper at
the Colorzdo meeting of the A.I.M«E. He described qualitative
experiments under vecuum which showed that if the oxygen is re=
moved no gold will dissolve. The following year Keith (42) pub-
lished an article in the Engineering and Mining Journal emtitl-
ed Effect of Air in Cyanidation. He states, "In anslysing the
resctions one finds that gold in cysnide solutions has a higher
affinity for cysnogen thean has potassium but it cannot exercise
that affinity unless some element is present in the solution to
combine with the potassium to form its oxide KZO. To complete
the resction end fulfill the eguation the oxide combines with
water to form 2KOH. The gold cyanide, insoluble in water glone,
dissolves in the solution of ZKCN to form 2KAu(CN),." The re-

sctions involved would then be as follows.

4ECN+02—->120+23N*2KCN+0

2N + 2Au  -» 2AuCN

K0 + HO0 -+ 2K0H



2AuCN + 2KON =--» 2KAu(CN) 5

4KON + 24u + H 0 + 0 —» 2KAn(cH)2 + Z2KDH

From 1919 to 1934 papers appeared by White (43)

end by Hay (44) but no new ideas were advanced. As late as
1934 then, slthough it wes generslly zgreed that oxygen was
essential for the solution of gold amd the Elsmner equation was
generelly sccepted., No one hed disproven the theory that hydro-
gen wes evolved during the solution. In 1934 Barsky, Swainson
and Hedley (45) calculated the free energy changes for various
hypothetical reactions end showed that the reaction involving
hydrogen as first proposed by MacArthur and first expressed by
Jenin was impossible from the point of view of the energy cheng-
es involved, They also showed that from the free energy changes
involved the two stages involving the formation and decomposition
as first postulated by Bodlaender could occur readilye. 'In 1935
Holmes (46) carried out a very careful study of the reactions
jnvolved in the solution of gold end silver in cyanide. His
results showed thet Elsner's emation is correct, and he sugg-

ested thet the reaction proceeds ih two steps as follows:

(e) 8Au + 4KCN + 0.2 + 2HO - aKAu(CK)z + KOH + 3202

(») 28w + 4KON + HO, --» 4EAU(CHN), + 4KOH



which summerized, gives
4Au + SKCK «+ 02 + 2H20 == 4KAu(CN)2 + 4KOH

Holmes also proved that KAu(CN) 4 Goes not
form as Bettel suggested in 1897 In his work he gives the
electro—chemical explsnation as first asdvanced dy Christie in
1900 The theory of the solution of gold is concermed with
Hernst 's Theory of Solution Pressure end the Arrhenius Diss-

ocizstion Theory.

Dissociatio QXYY o

The Dissociation Theory is so well known and
s0 widely sccepted to-day thet no elaborate account of it will
be given here. Stated simply it says that 211 substances will,
in solution, dissociate into electrically charged particles call-
ed ions. The emount of dissociation varies with different sub-
stences. OConsidering s solution of potassium cyanide we can
think of it as comsisting of potassium and cyenide ions as well
as undissocisted ions of potassium cysnide. We can also think
of oxygen dissolved in the solution as being present in the ionic

state.



Hernst Theory of Solution Pressures.

Hernst (47) postulated a property for all
metels celled solution pressure, or 'solutioh temsion' in
virtue of which they tend to pass into solution &s positive
ionse When a metal is dipped into pure water a aumber of
positive ions pass into the water under the stress of the
solution pressure of the metsl, leaving the metsl with a
negative cherge. A difference of potemtial therefore exists
between the metsl and the liquide Since the ions carry a
comparatively large charge they do mot move far away from
the oppositely cherged metel. The attraction of the opposite
charge prevents the further expulsion of positive ions from
the metel =nd 2 stste is esteblished,with & very definite pot-
entisl difference, when only a very few ions of the metel have
entered the liquid.

In developing the theory dernst essumed tiaa’c
the tendency for the metals to ionize was opposed by the reverse
tendency of the ioms in the solution, as a consequence Of their
ommotic pressure, to leave the solution and deposit on the solid
metsl. Considering a metel dipping into a solution of its ions,
the relative magnitudes of the solution pressure and the esmotic
pressure will determine which tendency is to predominate. Three

cases are possiblee.
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(1) The solution pressure of the metal is greater
then the osmotic rressure of the ions of the metal. The ten-
dency for ioms to leave the metal will predominate and as &
result the metal is negatively charged.

(2) The solution pressure of the metal just equals
the osmotic pressure. In this case no tendency for metal ions
to leave the solution exists and no difference of potential ex-
ists between metal and solution.

(3) The solution pressure of the metal is less than
the osmotic pressure. The tendency for ioms to leave the solution
now predominates, The metal acquires a positive charge and the
solution is left negatively chargede.

According to this view there exists a difference
between the temdency of the metel to assume the ionic state end
the tendemcy of the ions to assume the metallic state, and this
difference cesn be expressed on a potential scale. The difference
of potentiel is called the single potential of the metal and is
a function of the effective concentration of the metsl ion. Nerast
showed that the potential difference between o metel and its ions
depended on the logarithm of the concentration of the metel ions
in the solution. He formulated the methemat icel expression which

is celled the Nernst Eqation, that,

E = E, -~ BT logge
nF
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where E is the potential of the metal, when C is the con-
centration in grsm ions per litre, B is expressed in joules,
T is degrees Kelvin and E, is the potential difference be-
tween the metal and the solution when the conceutration of
the metel ions in the solution is one gram per litre.

The new concept of ionizetion has shown that
the degree of ionizstion is much greater than was thoughtpre=-
viouslye Due to the work of Ghosh, Debye, Huckel (47) emd
others, Nernst's ewmation canbe modified by the substitution
of the logarithm of the product of the concentration aund the
activity coefficient of the system, for loge C. The product
is known 2s the activity.

The position of gold in the electromotive series
shows that it has a low electrolytic solution pressure, that is,
there is only 2 slight tendency for gold atams to lose their val=-
ence electron snd form gold ions. The osmotic pressure due to
the gold ions in the solution must therefore be mesintesined st
a low value if solution is to be effected.

Herasts theory, although it successfully expleins
meny observed phenomenes is but a theory, snd therefore ohne caznnot
suggest a mechanism of gold solution, and state with absolute cer-
tainty thet the solution of gld is according to thet explanation

snd cennot teke place according to eny other. One cen only advence
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whet seems t0 be a plausible explanetion of known facts.,

A mechanism which explains all phenomens that
are known to take place and is simple in concept, is as foll-
owss It has been firmly established that an oxidizing sgent
is essential for the solutionm of gold, and that sodium or
potassium surocysnide is formed., It is assumed that the ox-
idizing agent is dissolved oxygen since oxygen is the most
economical and most widely used oxidizing agent in the cyanide
process. The gold is oxidized by the dissolved oxygen and in
this oxidized form it reacts with the elkali or alkaline cyan=-

ides to form the aurocyenide. The probable equations are,

4AU - 4e = 4au *

4 electron receivers + 4 = 4 negative ionic valencies
4Au + 4 electron receivers = 42u™ 4 4 negative iomic (a)
valencies

There are many investigators who have suggested
that the oxidization of the gold, and the formastion of gold ionms
ta&<es place in more then one step. There is no inteantion here
of dismissing this possibility as being entirely impleusible.
All that concerns this explanation is thet gold stoms give up
electrons and form gold ions, and that an oxidizing agent must

be present to receive these electrons. The gold ion reacts
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with cyanide in the following menner.
4Au * 4 BGKCN + 40H" --» 4KAu(CN}, + 4KOH

Equation (&) is en expression in the form of
a chemiczl equation of the equilibrium between gold in the
metellic and the ionic states. As long as the activity of
the gold ions is below the value reguired to satisfy the eq-
uilibrium the reaction will move to the right and the solution
of the gold will cont inue.

It has been shown that the complex surocyanide
ion is very stable (48)., The ion dissocistes in the following

manner

Au(cm; —— Aut o+ 2xF

end the value of the dissociation constent for the eguilibrium

Al

R + 2 - 2
is, K = L T 10 28, This means that the auro-
(an(cm) 2]

cyenide is omly slightly dissocisted and that the zctivity of
gold ions is very smalle. The vclue mey be further depressed by
maintaining a high concentration of the cyanide ion. In modera
milling practice the activity of gold ions is meintained below
the value required to satisfy the equilibrium constent for eg-
uation for eqation (2). The reaction proceeds to the right

snd goes to completion.



The very besis of the solution of gold in cysnide
solution is therefore the fact that a gold-cysnide complex ion
which is slightly dissociated is formed, zmd as a result the
gold ion activity is very low. Therefore, the osmotic pressure
due to the presence of the gold ions in the solution is very
anaelle It is less than the electrolytic solution pressure of

gold, =snd therefore the solution of gold takes pleace.



PURPOSE OF THE INVESTIGATOR.

All studies of arsenical gold ores, notably
those carried out by Leaver, Woolf and Jackson, have been con-
fined to the problems encountered in the rossting of these ores,
Previous experience hed shown that the eliminations of the arsemic
left the ore more amenable to trestment by cysnidation, and as a
result = complete eliminstion of the arsenic was aimed at. The
ldea was to drive the arsenic off et a low temperature snd there=-
By prevent the formation of arsenic-iron compounds which might
retain some of the gold.

In these studies however no thought wes given to
the effect of sending lsrge volumes of toxic arsenic fumes off
to the atmosphere. In certein regions of Canada, uebec for ex-
ample, there is legislation limiting the quantity of arsenic fumes
which may be given off per daye. This means thet efficiez?.t coll-
ecting apperstus must be instelled to comlense and collect the
arsenic trioxide. And heving eliminated the esrsenic from the
stack fumes the cquestion of its disposel must be considered. Ar-
senic is to-day a drug on the world market. It cannot be given
away. It cennot be dumped into the streams or disposed of in any
way 3 it cen only be stored in the hope that the world demand will

increase, and it can then be marketed.
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It was therefore decided to first investigate
the possibility of roasting the arsenical ore in such a menner
as to fix the arsenic in the form of non-volatile compounds. A
low temperature rosst was tried. In en oxidizing atmosphere @
reaction occurs between calcium and arsenic snd a compound, be-
lieved to be celcium srsenate is formeds In the spring of 1937,
Remsay (49) cerried out a series of experiments along these lines.
He mensged to retain 70 per cent of the arsenic in the calcine,
and by fine grinding and treatment by cysnide, obtained an econ=-
omic extraction of the gold. The experimental work of the first
three months therefore had as its aim the thorough investigation
of the possibilities of this processe

The second half of this work is concerned with
the treatment of the raw concemtreates An effort was made to
evolve a process of recovering the gold value economically with-
out roasting, perticulsr attention being psid to tests which
would indicate the mode of occurrence of the highly refractory
gold. For the greater part of this work the same concentrate was
usede

In the last month of the temm & shipment of fresh
untreated concentrate was received and seversl of the later exper-

iments were carried out on this meteriale.
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DESCRIPTION OF EQUIPMENT USED,

The equipment used msy be divided into three
perts, the Grinding, Roasting and Agitation Divisions. Each

of these will be dealt with separately.

(2) Grinding Equipment. Grinding was carried out in the foll-
owing spparatus.

(1) Porcelein Pebble Mill. The mill was used for the dry grind-
ing of small charges of ore and calcine, and for mixing chsrges
of lime and comentrate. A charge of four pounds of silica pebb-
les was used. (Fig. 1)

(2) Two Iron Pebble Mills. These mills were made in the Metall-

urgy lzboratory amd were used for grinding end mixing of smeall
charges. They were each charged with two pounds of silica pebbles
and were rotated by the use of wooden rollers. The mill .dimen-
sions are 12 inches by 4 inches dismeter.

(3) Ppall Mill. This mill was used for large charges up %o 2000
grems in weight. The ball charge was 45 pounds of oume inch forged
iron balls. The shell of the mill is from a specizl casting free

from blow holes. Its dimensions are 3 feet by 18 inches diameter.

(Fig. 2) .
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(») Roasting Equipment. Smell scale roasts were cerried out

in 4 inch Battersea clay crucibles heeted in a smell gas fired,
muffle furnsce. (Fige 3)s Charges of 1,000 grams or over were
roasted in 2 single hearth roaster heated ®y means of a resist-
ance element in the cover. (Fig. 4)s The charge weas constantly
stirred by a mecheanicsl rebble, belt driven by a motor through a
set of reduction gears. Speed of the rabbles was about five rev-
olutions per minute. The roaster is about 16 inches in dismeter
end lined with alundum cement.

The tempereture of the furnace was reised by coma-
ecting the resistance element in the cover to a power source of
220 volts, through an sutomstic cut out circuite. A nichrome-
chromel thermocouple wes inserted in one side of the furnmece so
thet it rested just above the rabble arms The thermocouple was
connected to an sutomstic temperature recording devices. The
temperature recorded wes that of the gasses as they left the

chergee

(¢) Agitation Eouipment. Three types of Agitators were used.

These will be designated by the nemes Roller, Rotating and Press-
ure types. In connection with the first two, glass "Winchester®
pottles were useds In the Roller Agitator the bottles were plac=-
ed on & series of wooden Rollers which were belt driven by a

motor. The bottles were not stoppered. In the Rotating type
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the bottles wereheld in compsrtments cerried on a shaft conn-
ected to a motor. Eech compartment had a spring 1id, =nd a
rubber pad at the bottom; a pad of sponge rubber was fitted
ground the neck of the bottle and it was held securely radielly
to the shaft, by the spring lide The shaft carried eight cam~
pertments, in fowr pairs, enclosed in a box, 4 feet long, 2
feet wide =nd 3% feet deep. Speed of rotation of the shaft was
40 revolutions per minute.

The Pressure apparstus (Fig. 5) consisted of a
small agitating shell similar in design to a Pachuca tank. The
apperatus is completely enclosed. Air at 30 pounds per square
inch geuge pressure, is fed into a centre tube which leasds it
down to the base of the shell. It bubbles up through the charge
leaving the spparatus at the blow-off valve. A continual supply
of 2ir is therefore provided ia addition to very intemsive agit-

atione.
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EXPERIMENTAL WORK

PART 1

A total of thirty-six tests were carried out
to determine the possibility of fixing the arsenic by a low
temperature roast with lime. Of these, thirty-two were on a
smell scale in the gas fired muffle using a thirty to fifty
gram charge in a four inch crucibles The results are some-
what erratic because the temperatures were judged entirely by
eye, end some difficulty was emcountered in reproducing s‘im-
iler temperstures with different charges., For the low temper-
ature roast an sttempt was made to keep the temperature high
enough to just oxidize the sulphur to sulphur dioxide. Such

a roast on a snell scele usuelly lested from twenty to thirty

minut es.
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The high temperature roest was of spproxzimately the seme
duration but the temperature was raised guickly to approx-
imetely 700° Go In meny of the tests air wss blown over the
charge.

The lime used in all the tests had a Cz0 con~
tent of 83 per cent available lime. It wss finely ground, the
degree of finess being such that 50 per cent could pass through
the openings of a 200-mesh screen. The impure lime was added
in smounts to give the desired Ca0 contemt, that is, a 100-gram
charge containing ten per cent Ca20, consisted of 12 grams of im-
pure lime and 90 grams of concentrate.

The results of representative tests are given at
the close of this sectiom. They indicate that betwecen 60 2nd
70 per cent of the arsenic cen be reteined in the calcine prov=-
1ded the concentrate is ground with ebout ten per cent by weight
of lime, to epproximately 100 per cent mimus 200 mesh. Three
tests in which the concentrate was mixed as received, that is,
aqt 35 per cent minus 200 mesh, with varying smounts of lime,
gave arsenic fixations from 353 t0o 42,5 per cent of the origin-
al ersenic cmtents Grinding the charge to about 100 per cent
mesh 200 mesh, 2s in test No. 2, raised the percentage of arsen-
ic reteined to sbout 60 per cente In seversl tests 70 per cent

was obtaineds The effect of high or low temperature roasts, or



of having an air current blowing over the charge cannot be
accurately ascertained, since the estimetion of the temper-
ature of the cherge was guite indefinite, and it wes diff-
icult to determine whether varying results were due to the
higher rossting temperature or the sir curreant. Additicn
of menganese dioxide to the concentrate, with, and without
lime, and the substitution of pure limestone in the place
of the lime, do not give sny higher fixstion of the arsenic.

The results of the large scele tests do not
differ any merked menner from the tests in the small crucibles.
The procedure was to grind the concentrate and the lime together
in ths pebble mill or in the ball mill snd then charge the mix-
ture into the rosster, colds The current was then turned on end
the cherge brought up to temperature. The temperature used var-
jed with different tests but the average was about 450° C. After
two or three hours roasting the current was shut off; the mechan-
icel rebbler was stopped; =nd the charge was well mixed with &
spatulas The furnsce was then prought up to hest a2gain, and the
roast contimed until the smell of sulphur fumes was no longer
obtained st the chimney.

The purpose of these large scale tests was to
determine the smenability of the calcines %o treatment by cyan-

jdet ion. A gold extraction of 80 per cent was obtained from the



calcine of test No. 5o This was the highest value obtained,
and is probably due to the fact that this roast was finished
at a temperature considersably sbove the roasting temperatures
of the other three testses The arsenic fixstion in this test
however was only 59.5 per vent as compared with 68 per cent
obteined in test Ho. 6.
Under the best of comnditions therefore only about
70 per cent of the arsenic cen be retained in the cslcine. The
elimination of the remaining 30 per cent from the furnace gases
would still necessitate the use of expensive electricel precipit=-
ors, and the problem of disposing of this precipitated arseanic
trioxide would still have to be faceds Also the most fzvourable
conditions for arsenic fixation does not seem to leave the calcine
in ¢ condign in which sn economic extrection of the gold is possibles
It wes, therefore, thought insdvisable to continue the study further.
It is quite possible that in a multiple hesrth roast-
er opersted under highly oxidizing conditions, the oxidizing effect
of the furnsce gases from the lower hearths would be strong ecnough
to oxidize the volatile arsenic trioxide to the more stable arsen-
ic pentoxides Then with the grester part of the arseanic in a
stable form as the arsenaste or the pentoxide, the roast might be

finished at a tempersture high emough to produce = czlcine which

is zmenesble to treatment by cyenidat ion. This idea could not be
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lavestigated because there was no equipment available which

would serve as a multihearth roastere.

EXPERIMEN TAL RESULTS.

TEST NO, 1

A 450 gram clerge of the conceantrate was care-
fully rolled and sazmpled. A chemicel snalysis showed that
there was 4.56 rer cent arsenic 2nd 19.5 per cent iron. A

screen enalysis of the sample was as follows:

TABLE NO, 1 Screen Analysis of Ore.

Mesh Weight Grms, Distributiocn,
Per cent

+ 100 4.46 11.30

+ 150 7443 18,60

+ 200 14,71 36.80

- 200 13.28 33430
100.00

Three 100 grams chesrges were then mixed with

vary ing smounts of lime and roasted at a low temperature.
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TABLE NO., 2 Arsenic Fixation ip Test No, 1

Iest harge Fe As, Fixation.

Bo. Ber Cent Per cent Per cent

A Ore + 5 per 20.8 1.51 3543
cent Cal

B Ore + 10 per 18.8 l.62 34e2
cent Cso0

c Ore + 15 per 17.1 2+ 21 42.5
cent Ca0
Heed 19.5 4.56

Sanple calculstia of the per cent fixetion is
as follows:

Per cent Fixastion is

Per cent Fe in Cslcine X Per cent As in Calcine x 100
Per cent Fe in Concentrate Per cent As in Comcentrate

- 20.8 x 1.8l x 100 =  35.3 Per ceat
19.5 4.56

T NO.

A 1250 gram charge of ore was mixed well,
sempled, znd snalysed. The arsenic present was 4.75 per cent;

end the iron 19.4 per cent. The screen snalysis was the seme as

in test No. 1.
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Part E of this test is as follows. A weight
of ore plus ten per cent Ca0 were mixed to give a totsl charge
of 200 grsms, and were charged dry, into the porcelain pebble
mille Two snd & half hours of grinding reduced the charge to
97.25 per cent minus 200 mesh. The ground meterisl was divided

into five samples =2nd each was rossted in a different menner.

TABLE NO. 3 Arsenic Pixgtion in Part E of Test No. 2

Sample Type of Fe As Pixation
Hoe -Boast Per cent Rer gent RPer ceat
Head - 19.40 4,75 -
1 Low Tempe. 18465 2498 60.4
2 High Temp. 18480 2.87 5844
3 High Temp. 18.55 2.99 60.1
with air
No air
5 High Temp. 18.156 364 71.5
with air

Part G of this test wes to determine the effect

of 2dding Mn0_ to the charges A 100 gram charge of ore plus

2
ten per cent Ce0 and two per cent Mxﬂz was ground to 99 per
cent minus 200 mesh. Two-fifty gran semples were roasted as

follows:
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TABLE NO. 4 Arsenic Fixetion in Pert G of Test No. 2
Sample Type of Fe As Fixation
Mo, _Roast Percent Per cent Per cemt
1 Low Temp. 19,00 2.61 54,0
2 High Temp. 18,256 3.08 61.0

Part H of this test was to determine the effect
of Mno2 on the roast of the concentrate without the addition of
lime. The charge was ground fine and roasteds Two per cent by

weight of Mzi)2 was added.

TABLE NO. 5 Arsenic Fixation in Part H of Test No. 2
Semple Type of Fe As Fixet ion
—NOs Roast Per cept Per cent Per cent
1 Low Tempe 22.4 1.55 7.6
2 High Temp. 22.4 l1.46 55.4
IEST MO. 3

TEST NOes 3 A one thoussnd grsm charge of con-
centrate wes rolled and sempled. The snslysis was 4.85 per cent
arsenic end 19.7 per ceat iron. Individuel one hundred gram
samples were ground to epproximately cme hundred per ceant minus
200 mesh snd roasted in vericus ways. Part A, E, F and G are
given here to show the effect of replacing the lime with lime-

stone. In 211 these tests the limestone was added to the con~-



sentrate in the pebble mill =nd ground dry.

LE NO,. Arseni ixati in Test Noe 3

Seample Charge Type of Fe As Fixation

Noe Roasst Per cept Per cent _FPer cent

Head — 19.7 4.85

A 1 Ore Low Temp. 23.4 0.75 18.4

A 2 High ® 2347 0.96 237

E 1l Ore + 5 perx Low "™ 19.4 2.04 41 .4
cent Cal +

E 2 5 per cent High * 19.3 232 46.8
CaCO

3

F 1 Ore « 3 per Iow ¥ 19.6 1.83 376
cent Cal %

P2 7 per cent High " 19.7 2.09 43,0
cacos

G 1 Ore + 10 per ILow ™ 19.3 1.08 213
cent

G 2 0&005 High " 19.6 1.2 25.0

TEST NOe 5

A charge of 1350 grams concentrate and 150 grams
Ce0 was ground for four hours in the pebble mill. It was then
carefully rolled snd sempled, end oested at a temperature be-

tween 450 and 480° G, for three hours. The top of the furnace
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was then lifted off and the charge well mixed with a spatulas
The roasting was then continued for two hours. During this
period the temperature wes raised to 580° ¢ and the roasting

was finished at that temperatures.

TABLE Q. 7 Arsenic Fixotion in Test Ho, 5

Meterisal Fe As Fixation
Ber cent fer cent Per cent

Hesad 1663 4,30

Calcine 18.7 2:24 59.5

Cyenide Test on Calcine from Rosst Hos 5

Two-five assay ton charges of the calcine
were placed in "Winchester™ bottles with cyznide solution.
Bottle Ho. 1 was agitated on the roller agitator; bottle No.2
was stoppered securely and placed in the rotating agitatore Air
was blown into the latter bottle every two hours for the first

eight hours of the teste

ABLE NO Gold Extraction spd Cyenide Consumption in
Test_Hos 5.

Time of Agitation - - 24 hours.

Gold Content of Cslcine -- 1,02 oz. per ton.
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Bottle NeCH at Start Dilution HalN Consumed Extraction
NOW ibeper ton Sol. ib.per ton Calc, Per Cent
1 l.65 265:1 3692 8l.5
2 2.70 4:1 4,00 83,0
TEST NO. 6

A 2000 gram charge of concentrate was ground
for four hours in the ball mill with 45 lbs. of one inch iron
balls. The charge was then washed through a 200-mesh screeun.
The oversize, about two grams of masteriasl did not carry say
gold. The undersize was mixed in the porcelain mill for one
hour with ten per cent of its weight of lime. The roaster
was then charged, cold, with 1470 grams of this mixture and
the cherge was roasted for five hours at a temperature between
395 and 425° G. The cherge was then well mixed with a spatula
end the roasting continued for snother hour at a temperature
between 430 end 450° C.

When cool the charge was screened dry through
@ 120 mesh screen. The materisl pessed through the openings

of the screen very eacily and no metellics were retained.



TABLE NO., 9 Arsenic Fixotion in Test No. 6

Material Fe As Fixat ion
Per cent Per cent Per cent

Charge to roaster 19.7 4,54 ——

Oalcine 1907 3.02 6605

ide Tests on Cslcine from Roas Q. 6

The celcine was divided into two parts B-1 and
B-2. Part B-l was cysnided directly amd B-2 was ground for

1% hours in the pebble mill end then cyemided.

TABLE NO. 10 Gold Extraction and Cysnide Consumption

i 88 o] Be

Pulp dilution --~ 2.5l
Time of agitetion,--- 24 hours
Strength of cyenide solution --- 2,75 1lb. per ton of solution

Gold content of the celcine -—— 1.12 0zs per ton.

Material Bottle NeCR Consumed Extraction
lbs per ton @slcine Per cent
B-1 1 5472 6849
2 6410 69.2
B=2 3 6e42 6340

4 6.26 68.0
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In tests No. 5 2nd No. 6 the extraction wes
determined by asseying a known volume of solution for gold con-
tents The assey of the solution of Bottle No, 3 is doubtful snd
the result should be neglecteds

The cyznide consumption in Test No. 6 is about
50 per cent greater then in Test Ho. 5S¢ This is probably due
to the fact that the Fe 804 formed was decomposed to a much great-
er extent in Test No. 5 beczuse the roast was finished at a much
higher temperatures Ferrous sulphaste is xnown to decompose at

a temperature zbove 600° ¢ sccording to the following reaction.

If not decomposed it will react with sodium cyesnide
in the following menner,

FeSO, + 2HeCN —» FeCN, 4 Na2504

Grinding the celcine apparently does not effect

the extraction.

The results of Tests No. 4 and Ho. 7 will not
be given in detzil, They do not differ greatly from Test No. 6
except thet both the arsenic fixation and the cyanide extractions

are somewhat lowere
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PART 11

SECTION A TES TS OHN THE CONCENTRATE
RECEIVED IN 1936,

The ore from the Beattie Property in the raw
state, is highly refrectory to treatmeat by the cyesnide process.
Semples of the ore and of a flotation concentrate were tested
at the Ore Dressing Laboratories of the Canadian Depsriment
of Mines, Ottewa, Ceneda, and at the Sulliven Concentrator of the
Consolidsted Mining and Smelting Co. Limited at Chapman C%mp,
B.C. Both laboratories reported low extractions ranging from
55 to 78 per cent for various treatments. Thé highest extrac-
tion obtained at the Sulliven Concentretor was 78 per ceat,
and this value was arrived at only efter subjecting the com-
centrate to & long grinding period and cyaniding fro twemty-

four hours. The particle size of the finel product is estim-

ated at 2000 mesh.
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From the above it msy be surmised that the
gold that is readily dissolved is present as minute part-
icles, intimately associzsted with the sulphides in the ore.
This opinion is born out by the results of the experimental
work which follows. The extractims obtained checked very
closely with those obtained at the Sullivan Concentrator
and at the Censdien Depertment of Mines Leboratorye.

In the first few tests given here either the
solution was saved and assayed or the final talling was wash-
ed with hot water, dried, and then zsssyed. In this way the
extractions were computed, end it was not possible to check
with the analysis of the head sample. Starting with Test Ho.
15 however both the solution and pulp were saved. The solution
and pulp washings were well mixed ami by measuring the total
volume, and assaying & known volume, the total emount of gold
dissolved was caleculatede Adding this value to the =zmount of
gold left in the pulp gave the total gold content of the ore.
In this wey a check on the accuracy of the analytical work was
obtained. Extractions as given however are based only oun the
tailing assey end the head asssy. They differ from the extrac-
tions obtained by dividing the total gold in the solution by

total gold in the ore, by the amount that the total gold con-

tent of the ore as obtained by the enzlysis of the solutioms



- 50 -

eand tailing, differs from the value obteined by multiply-
ing the weight used by the analysis of the heasd. Extractions
were expressed on this basis because it wes felt that this
value is more accurate snd obviates anmy error due to mechan-
ical loss of solution or final pulp.

In many tests the dilution is given as being
approximete. This means that after grinding, the sample was
charged into the bottle for agitation in cyenide solution with-
out being drieds The moisture content of the pulp was neglect~
ed and the dilutions therefore are only approximate.

Only a few determinations of the lime or sodium
hydroxide counsumed are given. In most tests the effect of these
alkalis was sought in 2 qualitstive manner and therefore no guant-

itative deteminations were mades

T NO

A 200 gram charge of concentrate, in the condition
in which it was received, that is, at 35 per cent minus 200 mesh
was carefully rolled and samplede Then five assay tons were
agitated for twenty-four hours in cysnide solution using the

roller sgitator.
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TABLE NO. 11 Gold Extrection in Test No. 8
Head Assay Dilution Time of Agit. Extraction
: Hr, Rer cent
1.08 2¢5:1 24 5840

TABLE NO,., 12 Reagent Co tion in Test No

NaCN Added NaCR Used Ca0 Added Ca0 Used

1bs per ton Soles lbe per tom Ore Lbe per ton Ore lbeper ton Ore
1.94 4414 4.93 4,93
T NO.

A charge of 1200 grams was ground to 100 per cent
minus 200 mesh; filtered; dried and then sampled, TFour charges
of five assay tons each were then weighed up, and treated in the

following way. The roller agitator wes used.

TABLE NO. 13 Table Giving Trestment snd Extractions

in Test No, 9.
Pulp dilution was 2.5:1

Time of agitation was twenty-four hours.

Gold contents of concentrate was 1.03 0z. per ton.



Sample No.
A
B
Cc
D
TABLE NO,_ 14
Bottle No. NaCN Added

Treetnent

Cyanided for twenty-four
hours with addition of
10 pounds of C20 per ton
or ore.

Cyenided for twenty-four

hours without addition of
Additionel cyanide

1ime.
added efter 12 hours of
agitat ion.

Cyanided for twenty=-four

hours without lime. Hzoz
and MnO, added every hour

for first twelve hours
then additional cyanide
added snd agitation con-
tinued.,

Given s twenty-four hour
Peliming treatment at a
24531 dilution with sol=-
ution conteining fifty

pounds of Ce0 per ton of
ores Cyanide then added
and agitation coantinued
for twenty-four hours,

Resgen ons ion e

HaCN Used

.Ca0 Added
Lbs per ton of Ore Lb. per ton of Ore Lb.per ton of Ore

Extrection
Per cent

6845

58.4

68.7

71.9

Ca0 Used
Lb. per ton
of Ore.

A 7.07
B 11.08
c 9.33

D 7.8b

6675
9.72
8462

2448

10.0 10.00

50.0 -
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In Test 9B snd 9C the cyanide left after twelve

hours agitation was 0.11 pounds NeCN per ton of solution. The
Hzoa was cdded as a three per cent solution by weight, the total
emount =dded being l.62 grams or 2l.2 pounds per ton of ores The

lhoz added was in the proportions required by the equat ion.

3202 + 20, 3=2 H,0 <+ mzos + 0,

Ma -
0y + HO,. == H,0 + 2mo,

The incresse in oysnide consumed in Test 9A over
the smount used in Test No. 8 was probebly due to the fact that
pdditional oxidation of the minerals took plaece during the grind-
ing end drying of the conc ent rete.

The gold extractions in Tests No. 8 and No. 9 were

determined by assaying a knowd volume of solutiom.

T N0, 13

The purpose of this test was to determine the
effect of grinding with lime, and slso the time of agitatlion re-
quired for the best extrection. A charge of 960 grams of ore was
mixed with enough lime of 83 per cent Ca0 content to provide 20.8

pounds of Ca0 per ton of ore, snd ground to 100 per cent minus

200 mesh at 60 per cent solids.



- 54 -

The ssmple was filtered, cut into eight parts
with a spatula, snd each part was agitated with cysnide sol-
utions for varying periods of time. The rotating type of

agitator was used.

TABLE NO. 15 Gold Extrasction and Cyspide Consumption.
in Test No, 13,

Gold Content of head, 1.03 o0z, per ton
Pulp dilution, 4:1

Cyenide Strength, 3.20 per toun of solution.

Sample Time of Agit. NaCN Consumed Teiling Asssy Extraction

_Jo. Hours lbsper Ton of Ore 0z, Au per tonm Per cent
A 2 4.24 0.34 67.0
B 4 .12 0.34 67.0
C 6 5.76 0.32 6849
D 8 6412 0,32 " 6849
E 12 6632 0632 6849
F 16 6448 0.32 68.9
G 24 7.32 0.32 68.9

24 736 0.32 68.9

!



TEST NO. 14
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This test was a repetition of Test No. 13 as

far as the grinding and subdivision of the sample is concerned.

The eight perts were cherged into eight "Winchester® bottles

end were treated as given in the following teble, the rotating

agitator being used,

TABLE NO, 10

Sample No.

Vorious Treatments in Test No. 14,
Pulp dilution, 4:1
Tdme of Agitatiom, 4 hours.

Strength of cyanide solution, 3.24 1lb. per ton
of solution.

Treatment,

Agitated for four hours

Agiteted for two hours; then filtereé
and re-pulped with cysnide solution of
strength 3.03 pounds per ton, and at
gpproximately the same dilution. Agit-
ation then continued for an additional
two hourse.

Same as B except thet lime in =zmount to
glve ten pounds of Ca0 per ton of ore
was added to the re-pulping solution.

3202 wes added to the solution as a

25 per cent solution in an zmount e.uiv-
zlent to 128 pounds per ton of ore, eand
then charge was agitated for four hours.

Seme as De The filter cake was then
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re-pulped with cysnide sol=~
ution, of stremgth 3.03 pounds
per ton and sgitation continued
for additional two hourse.

r Sample loste

G Identical with E except that the
szme gmount of 3202 was added to

the repulping solution.

H Seme as E except that 3202 and lime

were added to the re-pulping solution
in zmounts equal to 128 pounds =snd 10
pounds per ton of ore respectively.

In the sbove test and in test No. 13 the final
tailing was washed four times with hot weter, then dried, and
broken up by pessing through a pulverizer with the plates wide
open, end asssyed for golds The extraction was calculated from

this tailing assaye

TABLE NO. 17 Gold trection in st No. 14

Gold Content of councentrate wes 1.03 0z. per ton.

Semple Teiling Assey Extraction
_Nos Ozss of Au Per cent

A 0434 67,0

B 0s32 6849

c 0.32 68.9

D 0.44 573

E 0.42 5943



Semple Teiling Asssy Extraction
~H0e Ozs, of Au Per cent
F — —
G 0¢32 6847
H 0e24 7647
TABLE 8O, 18 Reagent Consumption in Test No. 14
Seample NeCN Used Ca0 Used
Ko, 1be per Ton Ore. Ib. per Ton Ore,
2 hrss 4 hrs. Total 2 hrs. 4 hrs. Totel
A - 6496 6496 -- 20.8 20.8
B 6,01 2.24 8.25 20.8 - 20.8
c 56460 2.28 7.84 20,8 7T¢44 27.44
D -— 11.84 1l.84 — 20.8 20.8
E 10,00 2.52 12,52 20.8 - 20.8
G 8.80 8.56 17.36 20.8 -- 20.8
H 8.80 5.92 14,72 20.8 9.24 29.2¢°

The purpose of this test was to determine
whether the refractory nature of the residuasl gold was due to
a lack of oxygem. The fact that the extraction in Tests D and
E are so low elmost renders the results meaningless. However,
negl ecting these tests or attributing their high tailing to

sslting or insufficient washing of the filter cske and comnsidering
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tests G end H, we see the re-pulping with added H,0, has
little effecte The addition of lime, however raises the ex-
traction by an espprecizble amount.

The smount of reagents cousumed is very high.
This is due to the destructive effect of the oxidizer, Hzoz.
The action of strong oxidizers in decomposing cyanide solutions
was recognized very early in the development of the cyanide
process. As carly as 1896 S.B. Christie (50) wrote that, ®"There
is denger in using too strong em oxidizer or too much of ite Im
such a case,-—---~--other secondary reactions likely to ensae
with ores conteining metellic sulphides, arsenides, and anti-
monides, which lead to the destruction of the cysnide,=--=*
There is little doubt that in this test not only was the oxidizer
too strong but there definitely was too much of ite It is in~-
teresting to compare the cysnide consumption in this test with

test No. 9 where & 3 per cent 320 solution was used. From 50

2

to 100 per cent more NeCN was lost in this test.

TEST NO. 15

This test was a study of the effect of regrind=-
ing the cyenide tailing with additional lime. The charge to
the bell mill wes 480 grams of ore plus a weight of impure

1ime to glve 20.8 pounds of CeQ per ton of ore, snd this charge
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wes ground at 60 per cent dilution to 100 per cent minus

200 mesh. The pulp was then filtered, cut into four parts,

and each part was agitated in a separate bottle with cysnide
solution for two hours. Then each bottle was filtered and tie
cake put back into the bell mill; another cherge of lime eg=-
uivalent t0 20.8 1lbs. of Ca0 per tom of ore was added, and
grinding continued for 45 minutes at 60 per cent solid. The
cherge was then filtered emd cyesnided agsin in four bottles

for two hours. All solutions were saved and assayeds The final
pulps were washed four times with hot water, the washings being
added to the solution. The pulps were then dried, broken up and

well mixed.

TABLE MO, 19 Gold BExtraction in Test No. 15
Pulp dilution, 4:l

Strength of cyanide solution, 2.70 and
2451 1lb. HaCH per ton of solution.

Au in pulp Total Au Totzl Au Extrection
in Pulp in Solution Per cent
0z. per to Mgse Mese
0.23 Se79 1580 777

On the basis of the sbove asssys the calcul-

ated heed is l.14 oz. per ton and extraction 83.9 per cente.



This is not in agreement with the value of 1.03 o0z. obtained
by direct assay. The solution asssy in the above table is
however doubtful sinece the solution mey not have been mixed
well enoughs On the basis of the tailing assay and the head
of 1.03 oz. the extraction is 77.7 per ceat. This value is
probably correcte Cyznide consumption was 4,91 pounds per

ton of ore.

TEST NO, 17

It was suggested thet the lime be replaced with
sodium hydroxide. There is the possibility that in solutions
made slkaline with lime the arsenopyrite oxidizes and combines
with the lime to fomm calcium arsenste. This compound is very
insoluble and as it formed, it would tend to precipitate out
of solution, and might very well coat gold perticles with an
insoluble filme The use of sodium hydroxide in the place’ of
lime would bring sbout the formation of sodium arsenate which
is soluble in water and hemce no coating of the gold particles
should be obtained.

The test i1s similar to test No. 16 except that
He0H in sn emount equivalent to 18475 pounds per ton of ore was
used in plece of the lime and after a two hour agitation the pulp

from each of the four bottles was treated differently.



- 061 =

The procedure was as follows. The discharge
from the ball mill wes filtered and placed into four bottles.
Bottles A z2nd B were agitated for two hours end five hours res-
pectively. Bottles C eand D were agitated for five hours, the
pulps were filtered and the filter ce<es were then reground for
one hour at 50 per cent dilutiom. Ten pounds of wal0H and Cal
per ton of dry pulp were added to the regrind in tests C and

D respectively. Agitation was then continued for another five

hours.
TABLE NO. Gold Extrection in Test No, 17.
Pulp dilution, 4:1
Strength of cysnide solution, 2.92 and 3.19
1b. NaCN per tom of solution.
Semple Procedure Teiliag Au in Au in Extraction
Assay Teiling Solution  Per cent
Qze per ton Me, _ MZ.
A 2 Hours 0.23 0,945 3.070 777
Agitetion
B 5 Hours 0.23 0.945 34520 77.7
Agitetion
c 5 Hours 0.23 0.945 2499 777
Agitetion
Re-grind
with NeOH
D 5 Hours 0423 0,945 3476 77.7
Agitation
Re-grind

with C20
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In the above test after dryiag the pulps,
they should have been weighed. Since this weighing was
omitted s weight of 120 gm. was used in computing the toteal
gold in the tziling. To check with the head assay the total
gold values obteined in ell four tests was added end from this
velue the gold comtent in o0z. per ton was calculated. It comes
to 1.04 oz. per ton which checks with 1,03 oz. per ton, the value

determined by direct assay.

TABLE NO. 21. Reagent Consumption in Test No. 17. |
Semple NeCN Amount Amount Amount
Noe Added Left Used Used
Gm, Gm, Grae lbe per Ton Ore.
A 0.71 0.4 0.27 4,50
B 0.71 0.27 0.44 734
Cc 1.48 0.54 0.54 15.70
D 1.48 0.47 1.01 16.85

ARSENIC REDUCTION TESTS.

The following four tests sre intended to show
whether the highly refractory gold is present in chemical com-
bination with the arsenic. Gold arsenic compounds have been pre-

pared syntheticslly. Alloys containing up to 25 etomic per cent



of arsenic have been prepared by fusing together gold and

en alloy rich in srsenic (51, 52, 53). The freezing point
curve reveals a eutectic point at 665 degrees centigrade (54)
with about 46 atomic per cent of arsenic. It was therefore

not entirely unreassonable, to suppose that arsenic gold com-
pounds exist in the naturel state and that the highly refract-
ory neture of a definite percentege of the gold in some arsenic-
al ores is due to its preseance es sn erseunic compound.

Meny investigators have affected the reduction of
arsenic compounds by nascent hydrogen in sn alkaline medium. The
Nippissing Mill at Cobalt (55, 56) is e very notable example. Here
the nasceut hydrogen gemerated by the sction of a ceustic solutlon
on 2luminum ingots wss used to reduce mineral containing arsenic,
sntimony end silver which formed part of the ores It was there-
fore decided to try this sluminum-ceustic reduction treatment on

the Beattie ore.

TEST NO. 18,

The teiling from test No. 15, which assayed 0.24
0z. Of gold per ton was used in this test. A 300 grem charge
was placed in the ball mill with 300 c.c. of a ome per cent
solut ion of ceustic soda and 20 grems of gramilated aluminume
The bell cherge consisted of 21 - 14 inch iron balls. The purpose

of the bells wes to xeep the charge well agitated. The treatment
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was continued for six hours; then the pulp was filtered,
washed well with hot water, and agitated in = cyaznide sol=-
ution of 4.28 pounds NeCN per ton a2t a three to ome dilution
for twelve hours. The rotating agitator was used.

An additional five per cent of the totsl gold
content of the concentrate was extrscted, raising the overall
extraction to 8l.6 per cemt. Cyzanide consumed was 7.89 pounds

per ton of oree

TEST NO. 19.

This test was similar to the preceding one except
that the reduction trestment was cerried out in an open mouthed
bottle on the roller agitator using three short lengths of 1/2
ineh eluminum rod instead of granuleted sluminum. Two bottles
were used each containing 100 grems of the charge in a one per
cent ceustic solution st a three to one dilution. The eluminum
wes added to one bottle only, the second bottle being used for
comparison purposes. After twelve hours treatment the pulps
were filtered, weshed and cyanided for twenty-four hours using
the roller sgitetor snd a cyenide solution of strength 3.33 pounds
NeCN per ton, 8t 2 three to one dilution. The ore used was the

composite teiling of Test No. 13, which assayed 0+32 oz. per ton »
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Ho spmreciable difference of extraction was
obtained between the two bottles. An additional 4 per cent
of the 2014 waes dissolved but this wes probably due to the
action of the fresh cysesnide solution. Cysanide consumption
was 1430 end 3.10 pounds NaCN per ton ore. The higher value
was obtained in the bottle containing the =2luminum.

There is little doubt that no reduction was
effected in the above two testss The gold dissolved in Test
No. 18 undoubtedly is due to the additional griading during
the six hour reduction treatment =md to the dissolving action
of the fresh cyanide solution added. In these two tests however,
relatively smell smounts of sluminum were used, and there was
the possibility that not enough nascent hydrogen was evolved.
In the following two tests therefore twenty-one aluminum ingots
of a totel weight of 1770 grems were used, and the testswere

carried out on the concentrate itselfe.

TEST NO. 20,

A charge of 575 grems of concentrate was ground
to 100 per cent minus 200 mesh, and divided into four parts.
Parts A end B were charged into two bottles with a one per cent
caustic solution at spproximately three to one dilution. To B

was also added three short leungths of 1/2 inch aluminum rod.
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The bottles were roteted on the roller agitestor for twelve
hours. Parts C and D were charged into the ball mill with
@& oune percent caustic solution and the aluminum ingots men-
tioned above. The reduction treatment was cont inued for
twelve hours,

At the completion of the reduction treatment,
the pulps were filtered, washed and cyanided for twenty-four
hourse Szmples A eand B were agitated in the roller agitator;

C and D in the rotating type.

TABLE NO. 22 Gold Extraction in Test No. 20.

Gold content of head, 1.03 0z. per ton.

Pulp dilution, 3:1

Semple Wte of Teiling Total Au Calculated Extraction
Ore Assay in Solution Head Per cent
Gm. _  0z./Ton Mee  Oze.per Tom
a 96 0.24 2469 1.06 76.8
B 108 0.24 2.69 0.97 7648
c 188 0.92 0.49 0.99 11.8

D 181 0,90 0.52 0.98 12.5
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T NO, 23 Reagent Consumption in Test No. 20
Sample NaCi Amount Amount Amount
No. Added Left Used Used
—Gme _Gm¢ = _Gme = Lb, per fton Ore
A 0.50 0.2 0.29 6e 03
B 0.50 0.15 0.35 6449
c 0475 0.36 0.39 4,12
D 0475 0436 0.39 4,30
TEST NO. 21

A charge of 700 grams of concentrate was
ground for two hours in the ball mille It was them dried,
broken up 2nd divided info parts A and B, each weighing 300
grems; 100 grams was retezined as a heed sample. Part A was
trested with a one per cent solution of ceustic soda in the
ball mill for twelve hours. The mill was charged with twenty-
one li-inch irom balls. The sample wes then filtered end cut
into three parts. Each part was agitated in cyanide,solution
of strength three pounds NeCN per ton for six hours at a dil-
ution of three to onee The roller rotating and pressure type
agitetors wes used for perts one, two and three respectivelye
The blow off value of the pressure apparatus was set at 30
pounds per sguare inch gauge.

Semple B was treated in an identical menner ex-

cept that twenty-one aluminum ingots of totel weight 1770 gm.



replaced the irom balls in the bell mill,

TABLE NO. 24.

Semple Wt. of
Ro. Ore

A-1 104
A=2 98
A-3 98
B-1 94
B-2 121
B-3 91
TABLE NO. 25.
Sample  NaCN
No. Added
Gm,

A-1 0445
A-2 0.45
A-3 0.45
B-1 0445
B-2 0445

B-3 0.45

Gold Extraction in Test No, 21,

Pulp dilution, 3:l

Time of =git=tion, six hours

Gold enelysis of concentrate,l.03 oz. per toxn.

Tailing

Assgy

—~Goe . QOzeper Tog

0.30

0.22

0.22

0.34

0.55

0.55

Reagent Comsumption in Test No. 21

Amount
Left
Gm.,

0.35
0631
0.16
0.16
0.15

0.15

Total Au
in Sol.

-
2457
2.78
2467

2.11
1.85

1.53

Calculeted

Oze.per Ton

Amount Amount

Hesad

1.02

1.05

1.08

1.00

1.00

1.01

Used Used
Gm.  Lb. per ton
0.10 1.92
0.14 2.86
0e29 5.82
0.29 6.16
0,30 4.95
0,30 6406

Extraction
Per cent

70.9
7846
7846
67.0
46.0

46.0
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TEST NO. 22

Since the asbove tests indicete thet it is the
degree of comminution which will determine the gold ex-
traction,it was decided to run a test in which the charge
was ground for varying lengths of time and then cyanided.
A 1500 grem charge was ground in the bzll mill for two hours
at 60 per cent solid with 18 grems of impure lime; it wes
then filtered and 1f4 of it, Semple A, was cut out. The
rensinder of the charge was put beck into the mill and
ground for another two hours, when it was again filtered,
end agein 1/4 of it, Semple B, was cut out. The procedure
was repeeted for a third time, the final grinding period
being en additionel four hours. Semple C, therefore had
received eight hours of grinding before it was cyanided.
One helf of each seample was dried snd served as a head
sample, the other half was agiteted in the pressure sppar-

atus.

TABLE NO. 26 Gold Extraction in Test Noe. 22

Pulp dilution, 2.5:1
Time of egitation, six hours

Gold content of head,l1.03 oz. per ton
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Seample Wt of Tailing Totel Au Celculated Extraction
No. Ore Assay in Sol. Head Per cent
Gm, Oz, rer ton Mg, 0z, per Ton
A 198 0.27 5¢39 1.05 7348
B 136 0423 S.84 1.06 77.7
c 118 0e23 292 0.96 77.7
TABLE NO. 27, Resgent Consumption in Test No. 22
Semple NaCN Amount Alount Amount
No. Added Left Used Used
ZGme Gm, Gme Lbe per Ton Ore
A 0.75 0.46 0.29 2493
B 0.75 0638 0437 5.60
c 0450 0.15 0,35 5.92

The fact thet no additional gold was dissolved
after grinding for eight hours suggests that either the last
four hours of grinding did not bring ebout aany further comm-
inution or that the gold which was not dissolved, is present

in a state in which it is insoluble in cyznide sclution.

SUMMARY OF THE TuSTS OF SECTION A,

In the above tests when a sample is said to be
100 per cent minus 200 mesh the degree of finess wes determined

by washing the sample through a 200 mesh screem. In several
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of the tests in which 2 smrll charge was used most of the
semple was much finer them this screen size. This is definit-
ely true of Test No. 17 (replacing lime with csustic in the
ball mill) and explsins the fact that additional grinding
yielded no sdditionel gold.

There 1s little doubt that in all the ebove
tests it is the degree of comminution which determined the
gold extraction. A ssmple ground to a degree of finess such
that 100 per cent will Jjust pass the openings of a 200 mesh
screen will yield 67 per cent of the gold. Additional grinding
to an indefinite degree of finess will rsise the extraction t©
78 per cent of the gold velue and no higher value can be obtain-
ed no matter how prolonged the period of grinding.

The arsenic reduction tests cerried out on the
talling of previous tests showed thaet =mall sdditional extrsc-
tions of gold cen be obteined by repulping with fresh cysnide
solution, but otherwise the nascent hydrogen has no effect.

The reduction tests on the ore itself omnly served to bring out
this fact more clearly, and to confirm the statement that in
the tests of this section it was the degree of comminution which
determined the extraction.s Thus the additional grinding of the
iron balls in Test 20A was enough to lower the tailing to 0.22

0z. per tons The sluminum ingots, being much lighter could

hardly heve the same effect.
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The very low extractions of Test Nose 19 and
20, when the reduction treatment was tried may be explained
in the following manner. It is possible that the =mount of
hydrogen evolved was so great that even the subsequent wash-
ing wes not enough to wash it out of the ores This nascent
hydrogen probably combined with the oxygem available for gold
solution amd when the supply was used,the dissolving action
stopped. This explanstion is suggested by the fact that the
roller type of agitator in which the bottle was rotated with-
out a stopper geve improved recoveries over the revolving type.

A second possible explenation is that due to
the attrition of the sluminum ingots, against the shell of the
bell mill, smell perticles of aluminum were scraped off and
mixed with the cherge. The alksline cyenide solution would
react with these particles to give a constant evolution of
hydrogen which agéin would affect the oxygen supply. In‘the
pressure apparatus however where & coutinual supply of eir
was aveileble it is hardly conceivevle that the oxygem could
all be teken out of solution. This fact should have been in-
vestigeted further but due to the limited time available it
was found impossible to do so.

Cyenide consumptions are somewhet erratic. The
ore oxidizes very eesily =nd the results indicate thet the more

hendling it receives the greater is the cysnide consumed.
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P AR
SECTION B TESTS ON THE CORCENTIATE

RECEIVED IN 1939,

Since the tests described in Section A were
all carried out on a semple of concentrate which had already
been treated by cyanidetion, =nd the studies =t the other two
laboratories referred to (Page 48) wes done either om fresh
ore, or on fresh concentrate, it was felt that the three in-
vestigations were herdly compsrable. In March of 1939, there-
fore, a fresh shirment of coucentrate was reyuested from the
menagement of the Beattie Gold Mines, and seversl tests were
repested using this meterial.

A detailed account of these tests is not in-
cluded since no improvement in the gold extraction was obtain-
ed snd they do mot advence sny additionsl informstion. An
accurate comperison of the screem snaslyses of the two concen-

trates is given in the following teble. The analyses were
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obtained by washing the meterial successively over a 240 mesh

and a 400 mesh screen.

TABLE NO. 28, Wet Screen Analysis of Concentrates.
Screen Weight Per cent
Concentrate received Concentrate received
in 1936 in 1939
+ 240 27.1 50.5
+ 400 8e6 9.5
- 400 6443 —40,0
100.0 100.0

The procedure and gold extraction of 2 test

which is comperzble to Test No. 15 is as follows.

TEST IO

A charge of 800 grems of councentrate was ground
for two hours in the ball mill et 60 per cent dilution. A
awentity of lime to give 20 pounds of Ca0 per ton was addeds
The semple was then filtered, split into four parts, and each
part was sgiteted with cyanide solution for varying periods of

time. The rotating type of agitator was used.



TABLE NO, 29.
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reatment and raction i st Noe. 27,

Pulp dilution, 3:1
Strength of cyanide solution, 3 lbs.per ton

Gold content of head sample, 0.96 oz.per tom.

Treatment Extractions
One hour agitetion. 7.1
Two hours agitation. 79.2
Three hours agitation. 79.2
Three hours sgitation, 8le3

followed by a regrind
for one hour in the
ball mill and addition-
8l two hours agitation
with fresh cysnide
solution.
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PART 11
SECTION C. STUDY OF THE CONCENTRATE BY

GRAVITY SEPARATION OF THE MINERALS.

A report of the Canadisn Department of Mines
(57) describes the Beattie ore as being extremely fine textur-
ed and consisting of a quartz-carbonate gangue through which
pyrite and arsenopyrite are dissemineted in verying proportioas,.
No netive gold was observed. A later report (58) showed the
presence of small amounts of gold occurring as a portion of
the filling of skelton crystals of ersenopyrite, and also ass~
ociated with smell emounts of chelcopyrite countained in a mass
of fine crystals of arsenopyrite. The fact that the gold was
always in contact with arsenopyrite is emphasized, end it is
noted that apperently the metal is later than the mineral. On
the other hand the micrographs presented by Leblanc (59) indic-
ate thet the gold is for the most part associsted with the pyrite

end is present as minute grains locked up in crystels of pyrite.
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TEST NOe¢ 28,

The concentrate received ia the fall of 1936
was used in this test. A large sample, weighing 4320 greams
was split into three products by washing successively over
a 240 mesh and a 400 mesh screen. The plus-240 end plus-

400 mesh materisl were independently trested on & Wilfley

table end a seperation effected between the pyrite end the

arsenopyrites Three products were obteined from each sample,

a concentrate which was high in pyrite, a middling which con-

tained a fair proportion of ersenopyrite eand s table teilinge.

A very smell weight of teble teiling was obtained with the

plus 400 mesh meterisl. It was therefore mixed with the midd-

ling, the two being considered as one ssmples The zpproximate

mineral distribution is given in Teble Noo. 30, The per cent

of each minersl pre’sent was calculated from the iron and arseanic

analysis of the samples on the assumption that otner miuwerals

containing iron or arsenic were present in negligible amountss
Including the minus 400 mesh material therefore,

six products were obtaineds Each of these was treated with

cyenide solution, using "Winchester™ bottles and the rotating

type of egitator. The results of the cysnide tests are given

in Teble No.3le.. The details of the cysnide tests are as foll-

ows. The pulp dilution was 3:1l. The strength of the cyesnide



TABLE NO. 30

MINERAL DISTRIBUTION IN THE VARTOUS S

CRMEN

SITZES AND TABLE PRODUCTS

n oo
“1'\ a0

Sample Weight Janmnle ledloht PY 13Ty "OPYRITE
Percent of Percent of Percent CeplUeat o' Tercent of Mo rcent Per Unit of |Vercent of
Heud Head liesd Tetl Vreso vt Head Total Present
Head 100.0 35.2 10.9
+ 240 27 .1 33.3 6.0
Table Conc. 8 .47 80.7 6.8 18.2 8.3 0.7 6.0
Middling 16.70 19.5 3.3 8.8 5.5 0.9 7.7
Table Tail. 1.93 11.1 0.2 0.5 3.1 0.1 0.9
27 .10
+ 400 8.6 44 .1 8.1
Table Conc. 5.30 65.7 3.5 9.3 10.0 0.5 4.3
Middling 3.30 9.0 0.3 0.8 5.0 0.2 1.7
8.60
- 400 64 .3 36.4 23 .4 62 .4 14,6 9.4 80.0
37.5 100.0 11.8 100.6




GOLD DISTRIBUTION

TABLE NO. 31,

AND EYTRACTION

I

THE VARTIOUS

v oo KO3 4B S AND CAERELE M"onounouo
Samnle eiht Sample Wel it Mincral Present Gold Gold Peccent 0of twl 1 vt [Au Ext.,
Percent Percernt |Pyrite Arsenopyriﬁg Content Content Gotd Vresori G teacent ¢ofl Percent
of Head Percent Percent Qz.per Ton |Perunit of| coch ouple Gold Gold in
Hlead Head
Head 100.0 35.2 10.9
+ 240 27.1 38.3 6.0 1,03 0.28 25.6
Tgable Conc. 8 .47 80.7 8.3 1.85 14 .6 55.3! 8.06
Middling 16.70 19.5 5.5 0.65 10.0 46 .2" 4,62
Table Tail. 1,93 11.1 3.1 0.58 1.0 81.1 .81
27.10 25.6 !
-3
©
+ 400 8.6 1.40 0.12 11.0 '
Table Conc. 5.30 65.7 10.0 1.84 9.0 52.2 4.70
Middling 3.30 9.0 5.0 0.58 2.0 70.4 1.40
8.60 11.0
- 400 64 .3 64 .30 36.4 14 .60 1.08 0.69 63 .4 63 .4 62 .6 39.70
100.0 1.09 100.0 59.29
Head by Analysis 1.08
Extraction in Test No. 8 58.00
Extraction after grinding for one hour 21.6"
80.4"




solution was three pounds of NaCN per ton. The time of agit~
etion was one hour with a lime solution comtaining ten pounds
Ca0 per ton of ore, then the cysnide was added and the agit=-
ation wes continued for five hours.
The results indicate thet of the gold present

in each of the screen sizes the grester =mount was associsted
with the minerals of the tsble concentrate that is with the
highly pyritic material, tut no definite statement can be
made whether it is with the pyrite or esrsemopyrite. In the
plus 240 mesh meterial the concentrate contained 66.1 per

cent of the total pyrite ami 41.2 per cent of the total arsexo=-
pyrite and included in this materisl was 57.0 per cent of the
golde These figures are all on the basis of the totsl smounts
present in the plus 240 mesh materisl. The remsining 43.0 per
cent of the gold in this screen size was present in the middling

end the table teiling which together contained 33.9 per cent of
the pyrite and 5848 per cent of the arsenopyrite. The plus 400
mesh materizl gives comparable results from which no definite
deductions can be mede as to whether the gold is associsted with
the pyrite or the arsenopyrite. The teble products should have
been exemined under the microscope but unfortunately the test

was done a2t the close of the year and there was not enough time

left to carry out a thorough microscopic study.
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The test does Indicete however that the reason
for more than 20 per cent of the gold being refractory to sol-
ution in cysnide is more complicated then was previously thought,
and that it is coonected in some wey with minersls present in
the table concentrates All sccounts of previous work dome on
the Beattie ore counclude that the problem is purely one of uan-
locking the gold; the gold is present as very minute particles
and the unlocking of these particles is beyond the limits of
economic grinding. Section A of this study to a certain extent
supports this contention.

A communicetion from the mesnagement of the Beattie
Mine, received in April 1939, reports that the refractory portions
of the concentrate are higher in silver end contain more arsenic
than could be present in arsenopyrite. This suggests an associat-
ion between the arsenic and the silver in some form, perhaps as
a minersl not identified as yet in this ore. It is possible thet
the minersl came off the table at the concemtrate snd, that is,
with the pyritic meterial, end is respousible for the unusual
results obtsined when the table concentrate was treated with
cyanide. The midiling or highly arsenical table products of
the plus 400 mesh materiel yielded more gold than the similar
coarser product. The additionsl unlocking of the gold in the

middling of the plus 240 mesh material’obtained by grinding for

one hour in the ball mill, reised
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the extresction from 46.2 per cent to 80.4 per cent (See
Teble 31, Page 79). But with the pyritic material not only
was there no additional yield of gold in the finer screen
size but sdditionsl grinding actuelly resulted in less gold
being dissolved (See Table 31, Page 79(. Only 21.6 per ceat
was dissolved as compared with 5542 per cent on the unground
materiesl. No explanstion cen be advanced for this unusual
results It must be reslized that this is the result of oaly
one teste There was not emough time to repeat the test and
verify the results. All anslyses for gold content however
checked very well, and definitely no error wes introduced

through feulty enelyticel proceduree.



CONCLUSIONS.

The published reports of studies cerried out
on the Beattie ore indicates that all previous investigators:
hsve approached the problemn with the idea that the gold is
present as very small perticless The 2im of the investigstors
has been the unlocking of the gold particles to 2id the dissolv-
ing action of cyznide solutions. To & certain extent in this
study, the problem wes gpproached from the same viewpointe. The
finel test as given in Part 11 Section C of the experimental
work indicates, however thet the problem is more complicated,
end should be approached from the point of view of a complete
understeanding of the gold association in the table concentrates
The work done at the Beattie Mine suggesting the possibility of
8 canplex arsenic silver mineral as the reason for the refractory
nature of a portion of the cacentrste, should certainly be con-
tinued. The existence of such a complex minersl with dissolved
gold mey be the reason for the difficulty emcountered in treat-
ing refractory arsenicsl gold ores. In view of this possibility
the reduction tests (No. 20 and No. 21) should be repeated and
the explsnetions advenced for the low extractions (Page 72) more

thoroughly investigsated.



APPENDI X,

METHODS OF ANALYSES USED IN THIS INVESTIGATION(60,61)

Arsenic Deteminetion,

The following method was used to determine arsemic
in both the concentrate and calcines

Place a one gram sample of the material in a 500 ceCe
Erlemmeyer flask, Add 2 grams of anhydrous sodium sulphate, 5 - 6 CeCe
of concentreted sulphuric acid,and 1/4 of 2 9 cm. filter papere. Heat
gently uatil decomposition of the mzterial occurs and then more strong-
ly until all the sulphur fumes have been driven off and the cerbon has
2ll been oxidized. When clear allow the flask to cool on its side in
order to avoid breskage. Add 90 cc. concemtrated hydrochloric acid,
3 grams of cuprous chloride, 2 gresms ferric chloride and a few glass
beads to prevent tumping. Distill the liquid esnd receive the dis~
tillate in 100 cece of water in 2 400 cc. beakere Heutralize the
distillate with 15 N smmonium hydroxide using litmms peper as am
indicators Mske just acid with concentrated hydrochloric acid and
then add 3-4 grems, or en excess, of sodium scid carbonates. Cool to
room temperature, add a few cec. Of freshly prepared starch solution
and titrate with a standerd iodine solution until a permanent blue

color appears.



Iron Determinstion.

The method used in the Dichromate Method for
iron and the procedure is as follows. Treat & one gram sample
of the material in a 600 c.ce pyrex beaker with 10 c.c. Of agua
regia. Teke to dryness 2t a low heat snd bake gently for about
ten minutes. Add 15 cc. of comentrated hydrochloric acid and
heat until the solution tekes on a uniform yellow color =nd the
residue in the besker comsists only of <clesn scilicz. While
hot, add stannous chloride drop by drop until the solution turms
solourless, that is until sll the iron hes been reduced to the
ferrous state. Then add two or three drops in excess, wash the
sides of the beaker with distilled water =nd mske up to about
400 cce Then add 10 cc, of a satursted solution of mercuric
chlorides A white gelatinous precipitate of mercurous chloride
comes down. Titrate with a standayd solution of potassium di=-
chromate using a solution of potassium ferricysnide as an out-
side indicaters

The ferricyanide should be made up in small quan~-
tities when required asnd should be dilute; about 0.l greams in 15
CeCe Of water. The ferrous iron changes the colcr of the ferri-

cyznide to a desep blue,but it is not affected by ferric irom. At
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the end point, when the ferrous ironm has all been oxidized to

the ferric state the color therefore remeins unchenged.

Sulphur Determination.

Weigh one gram of ore into a dry 250 cc. Erlen-
meyer fleske Add 3 grems of potassium chlorate end 10 to 15 cce
of nitric ascide Boil gently and teke nearly to dryness, to a
pesty comdition, but do not bakes Heutralize with a2 seturated sol-
ution of sodium carbonates Add 200 cece Oof the hot saturated sol=-
ution of sodium carbonate and boil at constant volume for thirty
minutes.s Add 50 cece Of cold distilled water. Filter and wash
thoroughly. Cool the filtrate to room temperature, cover with &
watch glass and cautiously neutralize with councentrated hydrochlor-
ic acid using 5 c.c. in excess. Boil to drive off the 002. Keep-
ing the solution hot &dd 50 c.ce of a dilute solution of barium

chloride, about 20 grams BaCL 2&20 to the litre. Add the barium

o6
chloride drop by drop stirring the solution constsntly. Let the
precipitate settle and 2dd another 10 c.c. of the barium chloride
solution. If more precipitate forms continue the addition until

the precipitation is completes Cover with a watch glass and con-
tinue heating below the boiling point for ome hour or longere Let

it stand overnight. Then filter using filter psper of close texture.

Wesh the precipitate two or three tives with hot weter, then test

the washings for presence of chloride ion. When the chloride test
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is negative remove the filter from the fumunel. Place in & porcel=-
ain crueible =2nd burn off the paper at the lowest possible temper-
atures Complete the 3ignitia by heating for 15 or 20 minutes at

the full heat of a Tirril bumer. Cool in a dessicator and weigh.
the precipitates Calculate the weight of sulphur presente.

If it is suspected that same reduction of the barium
sulphate to the sulphide mey have occurred, the contents of the
crucible, after cooling, mey be moistened with a few drops of con-
centrated sulphuric scide The scid may then be driven off by heat-

ing carefdlly snd then the precipitate weighed as above.

Determination of Free Cyesnides

The method used was identicel with the practice at all
mills, which treat gold ores by the cyanide process. A 10 cce. sam=-
ple of the solution was diluted to 100 c.c. snd then titrated with
e standerd silver nitrete solution using potassium iodide es en in-
ternel indicctore. The end point is reached when the solution turns
cloudy due to the formation of Ag(CN)Z, a light grey precipitate.

The solution of silver nitrete used was of a strength such that 1 CeCe
wes equivalent to 0.1 pounds KON per ton of solution when titrating

against & 10 c.ce sample.

Determination of C=0 in Solutionse

Here a2gain the method was one which has become standard



practice in most gold millse A 10 cc. szmple of the solution

was titrated egeinst a standard oxelic acid solution using phenol
phthalin as internsl indicator. The end point is reached when the
charscteristic pink of the phtheslein diseppeers =2nd the solution
turns colorless. The strength of the oxelic acid was such that 1
¢c. is equivalent to 0.1 pounds of C=20 per ton of solution when &

10 cce szmple is useds
Determinatio Aveilable Cs0 in Lime

The method is based on the fact thet "free" or “avail=-
able™ Ca0 is easily soluble in a suger solution. Procedure is to
dissolve 20 gm. Oof cecne sugaer in distilled water and add one gram
of the impure lime. Make up the volume to exactly two litres and
agitate the soluion well. The bottle mey be sheken up at intervals
for two days or pleced in an sgitating device for a few hours. When
solution of the Ca0 is complete, allow the undissolv=d material to
settle, withdraw an aliquot portion znd titrate with standard sul-
phuric scid solution using phenol phthelein as anm internal indicat-

Or e

Anslysis for Gold in Solutions.

Procedure was to evsporate a ikumown volume of the

solution in 2 bost made of leed foile A few grams of borsx were

then added, the lead scorified to a button of 25 grams,and cupelled.
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Analysis of Gold in Ore =nd Calcine.

Gold wss determined in the concentrate and cal-

cine by the fire essay procedure. The flux charges were as foll=-

OWSe
(1) or Asssy Ton of cine.
1/2 Assay Tbn Scilica
Litharge
1/2 " " Soda
10 Grams Borax
2t o Flour
(2) or 1/2 Ass n of Concentrates
1/2 Assey Ton Scilica
" Litharge
1/2 " % Soda
10 Grams Borax
4 " Nitre
(3) For one Assey Ton of Concentrates

1 Asszy Ton Scilicsa
3 " W  Litharge
1 » " Soda

20 Grams Borax

14 Hitre






Fig. 1

Porcelain Pebble Mill.

Pigs 2

Ball Mill




Fige 3

Ges Pired Muffle Furnace.

Fig. 4

Single Hearth Rosster
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Fige 5

Pressure Agitation Apparatus

Bell Screening Machine
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