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RECOVERY OF GOLD 

FROM ARSENICAL GOLD 

ORES 

FOREWORD 

The experimental work which comprises the 

subject matter of this- thesis was carried out in the Met-

allurgicel and Ore Dressing Laboratories at M:! Gill Uni ver-

sity. A flotation concentrate from the Beattie Mine, re-

ceived at the University in the fell of 1936 was used. At 

the time the treatment of the ore at this property consisted 

of direct cyanidation followed by flotation, the flotation 

concentrate being shipped by reil and water to the Tacoma 

Smelter of the American Refining and Smelting Co. Ltd. 

' 
Since the investigation concerns itself with 

the extraction of gold from arsenical ores by the cyanide 

process, e short history of the development of the cyanide 

process is included, as well as e summary of previous work 

treating arsenic ores. A review of the modern cancept of the 

mechanism of gold solution is elso included. 
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The wo~ was under the direction ot Professor 

J .u. MacEwen, Birks Professor of Metallurgy to whom thanks 

are due for his advice and criticism in the experimental 

work, end in the preparation of this thesis. The writer 

also wishes to acknowledge his i.nde'Dtedness to Professor 

J .w. Bell for his maey sugt;estions and permission to use 

the equipment of the Ore Dressing Le'Doratoiy. 
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DEVELOfMENT OF OYABIDE PROOESS. 

The extraction of gold and silver iy the use 

of' cyanide solutions began from saggest ions and laloratory 

experiments dlich conveyed to various minds the possi-.ility 

ot devising a process for dissolving precious metals from 

ores. '!'het gold was soluale in cyanide solutions to which 

air was accessille was ~own tor many years letore any prac­

tical process was developed. Began (l) in 1805 is reported 

to have made the statement that gold is dissolYed, not only 

ly free chlorine and aqua regia, lut •Y a solution of pruss­

ie.te of potash. Olennell in his CySllide Band\»ook (2) attrii­

utes to Hegen the earliest statement of the solubility of 

metallic gold in cyanide solutions, although he edmi ts that 

DO confirmation of the reference is available. 

Ho practical use however seems to have ieen 

made from this discovel"J' until the middle of the centuey, al­

though some interesti:cg investigations were made. In 1~, 

Prince Pierre Bagration (3) pullished the first scientific 

literature on the subject. At the close of his paper he 
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states that •it is eertein that in future cyanides of 

potassium must ie reckoned among the numaer of solvents 

of gold." Glassford and Jppier (4) in 1844 puilished a 

paper giving oonsidera'ble information aiout the preparation 

and properties of the oyaDides of gold and silver. The 

paper also contains the earliest reference to the vol~ 

etrie method of estimating the tree cyanide present in 

solutions, iy means of sllver nitrate. Elsner (5) in 

1846 showed that oxygen played en important part in the 

solution of gold, a U ver and other metals in cyanide sol­

utions. He fonnuleted no e<JlB.tion although the accepted 

expression of this reaction goes iy his name. Faraday- (6) 

in 1856 made use or e. eyaDide s:>lution to produce thin 

films of gold. 

T.he earliest reference to the effectiveness 

of cyanide solutions in dissolving gold :rran ores to ie found 

in a paragrapn of a letter written W,V WUrtz (7) in 1866. This 

reference cannot however ae o ons idered as an antic ipa.t ion of 

the oya.J:Lide process,siDCe Wurtz only mentioned the phenomenon 

as a drawiaok to the use of potassium cyanide as an aid to 

amalgamation. The following year, J.H. Rae {8) oitained 
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a patent in the u. s. A. for his prooess entitled an "~­

proved Method of Treating Auriferous ~d Argenti~erous Ores." 

T.he process made use of an electric current. T.he current was 

passed through a solution or potassium cyanide in which the 

cru.shed ore we.s being agitated. This current was believed 

to facilitate tlle solution of the gold and silver and at the 

s~e time to precipitate the dissolved metals on cathodic 

surfaces of copper. Between the granting of this patent in 

1867 and 188!5, many other patents were applied for. Clark( 9), 

Faucett (10) and Sanders (ll) obtained patents in the United 

States all of them involving the use of cyanide or some cyan­

ogen compound in the treatment of gold and sU ver ores. It 

is of interest to note that in these patents the use of the 

chemical is suggested as an aid to amalgamation and not as 

a sol vent tor gold. Also during this period ma.DJ investigat-

ors such as Halm (12) in 1870, and Skey (3) in 1875 published 

their findings on the dissolution of gold in ores 'by the use 

of cyanide. llahn describes experiments showing the solu'bil-

ity of sUver sulphide in cyanide solutions, and pointed 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

ion that the action of potassium cyanide as used at the time in 

connection with amalgamation occasioned a loss of gold and silver 



a.s these metals were both soluble in the solution. 

In 1885 Stmpson (14) applied 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 potassium cyanide and oarbona te of ammonia. Almost et 

the same time Endlich, Mlhlenberger (15) and Louis Janiu J'#. 

(16)~ metallurgists of the time, Degan to interest them­

selves in the cyanide treatment ot gold ores. In their writ-

1Dgs however they speak in a diaparagilJg w~ of the prospects 

ot solutions of cyanide e.s a commercially suooesstul sol vent 

of gold and silver. It may be concluded from the remarks ot 

Janin the t the praet ioal clif'ficul ties in the way of the app­

lication of solutions of' cyanide salts as a •olvent had not 

~een overcome by 1888, when MaoArthur and Forest (17) obtain­

ed their patent. 

The essential points in which this patent diff­

ered from those of previous patents are enumerated in Olennell's 

OyeDide Handbook (2) as follows, 

"l• The solutions of' the gold and silver is to he 

effected by means of a liquid to which a cyanide alone is added, 

without the aid of' an electric current or other chemicals. 

2. The patentees emphasize the use of dilute in 

preference to strong solutions tor accomplishing their purpose. 
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3. Certain definite relations are specified 

ietween the quantities of ore values in gold and silver, 

and streDgth and quanti t7 of sol ut ion, which, however, 

were not adhered to in practice and cannot be regarded as 

'being essential to the process. 

4. Cyanogen gas is mentioned as one of t .be sol­

vents claimed." 

'1'0 113.cArthur and Forrest is due not only the 

dist hlction of 'Deing the f'irst to prove the worth of the use 

of cyanide solutions DY a practical dsnonstration, but it is 

also to their credit that they were the first to recommend the 

use of alkalis, such as potash or l~e, for neutre~izing the 

ore previous to cyanide treatment. They also recognized the 

ve_lue of zinc as a. precipitant, a.Dd were pioneers in 1 ts use 

in a finely divided state. The modern cyanide process dates 

from the auocesstul operation on a commercial. scale of a cyan­

ide mill at Karangehake, New Zealand in 1889. 

Arrangements were now made in the chief' mining 

countries to introduce the process on a practical iasis, and 

maDY mills were erected in South Africa, New Zealand and the 

United States. But the chemistrr of the process was not well 

understood and as a result many of these attenpts were unsucc­

esstul. It was not until investigators the world over turned 
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""'"''" their attention to a study of~process that the early dif't-

ieu1ties were overcome. In 1896 George A. Pa.ckard (18) 

wrote of' the application of the process in the United States. 

"In 1892 the Livingston Mill, Colorado. was running a few small 

agitators; the Mercur Mill in Utah was said to be a success, 

aut was 'closed down to increase capacity.' Mills had been 
·-

or were being erected in Arizona; on the Co.mstock lode; and 

in South Dakota. Same of these never started, ~d several 

were anut down or remodelled for other proCesses. Altogether 

the outlook was anything but favouraile." But he goes on to 

sey, "Since then the improvements of the process both chsio-

ally and mechanically has rleced it among the recognized succ-

essful methods ot ore treatment." 

And in the same year H.F. Furmen (19) descrii-

ed a series of laboratory tests to be used in connection with 

the extraction of gold from ores by the cyanide process. In 

his article he declares that, "It is the opinion of the writer 

that, he.d the following simple tests been better understood 

many of' the f'eilures would not have occurred, and we should 

prohaily have a larger number of successful plants in operation." 

By this time so much interest had been aroused 

throughout the mining world in the cyanide process that maDT 

chemists and metallurgists turned their attention to a study 

of the difficulties encountered. In a very few years, 'Dy 1910 
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or thereabouts nx> st ot the mechan..ica.l difficulties had 

ieeu solved end the process took its ple.ce as the most 

important ot all known methods of extracting gold. 
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TREA'!MEliT OF ARSENICAL OOID ORES. 

AB fer as the treatment of arsenical gold 

ores is concermd one of tbe first properties to attempt 

the application of the cyanide process was the Oulo Prito 

Gold Mine in Brazil (20). At this property the chlorin­

ation process was used su.ccessfully until 1907, when it 

was replaced iy the cyanide proeess. In 1910 Kendall (21) 

reports their treatment as consisting ot concentration, 

washing with lime and followed iy the use ot cyanide. 

A pamphlet iy Leaver and Woolt ( 22) puilish­

ed in 1926 iy the United States Bureau of Mines lists four 

other properties which at the time were successfUllY' treat­

ing arsenical gold ores by the cyanide proeess. These were, 

The Jardine Mining Co. at Jardine, Montena, 

u.s.A., (25) where 63 per cent of the gold was extracted 8y 

a process w.hich consisted of amalgamation, gravity concen­

tration, fine grinding and flotation. The flotation concen­

trate was then roasted; the calcine reground and then cyanid­

ad. 

The Hedley Gold Mining Oompa13Y at Hedley, B.O. 

( 24) Canada where 88 per cent or the gold in en arsenical gold 

ore was recovered iy amalgamation, c.yenidation, and the sale ot 

an arsenic-gold concentrate. 
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At La Belliere, France in 1910 an ore contain­

ing auriferous mispickel was treated by tube milling followed 

'by concentration, the concentrate being roasted and cyanided 

(24). 

The 08Dl and Motor Mine in Rhodesia (25) after 

a year of' experimentation evolved a treetment which recovered 

85 per cent of' the gold in an arsenical gold ore containing 

1.19 per cent ant~ony. 

The panphlet by Leaver and Woolf' gives the results 

of e stu~ of' the cyanide extraction of gold and silver associat­

ed with arsenic and antimony in ores. This puilication together 

with a later report by Woolf' and Jack son ( 26) are the only pua-

lished investigations on the subject that the writer has been 

able to find. Leaver and Woolf' note that, 

(a) Roasting at a high temperature seemed to lock 

up more gold then a low temperature roast. They studieO. the 

extraction of gold in an artificially prepared iron-arsenic 

sulphide and found that at a higher temperature of 650° o 22 

per cent of the gold was locked up. A low tem.perature roast, 

0 
about 450 c, resulted in a loss of only six per cent of the 

gold. 

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

fore roasting sea:ned favorable for the extraction of gold by 
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cyanide solution, that is, the calcium arsenate retains 

leas gold than the ferric arsena.t e. 

'!he later v;ork by Woolt and Jackson was pua­

lished in 1938 as a section of Report of I~estigation No. 3425 

ot the U. s. Bureau ot lfiDes. It deals with the treatment ot 

arsenical gpld ores only. These ores are divided into two main 

divisions, those that require roasting, and those that do not 

require roasting. The second group is further subdivided into 

tour. 

(l) Ores aneuabl e to cyanidation after a low tem­

peratur e roast, that is, a temperature not exceeding 550° o. 

(2) Ores tmt require roasting at a ta:nperature 

aiove 550° 0 to pro:luce a calcine sui teile for cyanidat ion. 

(3) Ores the calcines from which require an acid 

treetnent 'Before cy anidirtg. 

(4) Ores which ltecau.se of their high lime content 

cannot 8e given a sulpha.ting type of roast and cannot be acid 

treated after roastiDg. In case such ores do not respond to 

a straight oxidizing roast they ma.y ae treated ay flotation 

to remove parts of the refractory material, after which the 

flotation tailing may ie roasted and cyanided. 

In general Woolf aDd Jackson continue the work 

begun in 1926 iy Woolf and Leever. They advance a co:osiderable 

anount or illt eresting information, noting that ores which e.re 
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apparently similar recp ire very diff'erent treatment dur-

ing roe sting. They suggest that this phenomenon may be 

due to the gold bearing arsenical sulphides having different 

OJ7stalline structures. A structure which is exceedingly 

dense would require a higher roasting t anperature to de-

compose the sulphides and liaerate the gold. 

In addition to the e.iove there are evailaile 

the reports of investigation of the Oenadien Department o't 

Mines. From 1926 to 1937 twenty-five arsenieel gold ores 

were studied at the ore dressing lahoratories of the Depart-

ment. Various treatments were recommended and recoveries 

ranged from 55 per cent to 95 per cent of the gold content. 

In connection with these investigations two points are worthy 

of me:at ion. One is that in studying the ore of Whi tewater 

Mine at Taku River, B.O. (27), it was noticed that roasting 

0 
at a conperatively high temperature of 750 0 locked up more 

gold than a low tenperature roast. This is in agreEment with 

the findings or Leaver and Woolt as mentioned earlier in this 

section. 

Secondly in investigating the roastiDg ot a flot-

ation concentrate from the Beattie Mine, Duparquet, Queiec, ( 28) 

the r~ort states that after roasting ,a lo~~g period of grindiDg 

with lime appeared to improve tl:e extraction. 
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The only additicnal articles which have 

appeared on the treatment of refractory gold ores are papers 

which were presented 'Defore the various mining and metallurg­

ical Societies iy the executives of various companies, descrii­

ing the method or ore trea.tent at their plant. 
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THE MECHANISM OF GOLD SOLl.JrlON. 

There is no douat in Sllyone 's mind to -day 

as to the validity of Elsner's equation 

in representing the reaction of the solution of gold in 

cyanide. But wbm the equation first appeared in Watt 'a 

Dictionary of Chemistry soon after 1846, and for maDY rears 

after, many chemists and metallurgists believed it to ae in­

correct. 

One of the first men to e: riticise the equation 

was J.s. MacArthur. In 1890 (29) he said that he "never could 

find that the presence of oxygen was necessary either to diss­

olve gold ly itself or fran ores by cyanide." ~cArthur thought 

it more prolalle that hydrogen was evolved according to an eq­

uation lc:ter expressed in ell independent investigation iy L. 

Janin (30) as 

4XCN + 2lu + 2H20 -• 2XA.u(CN )2 + 2KOH + H2 

JlaoArthur gave no proof of his content ions. 

Five years after this ailll.ouncement J .s. Maclaurin 

( 31) p~lished the results or a careful investigation into the 

role ot oqget1 in d isrolving pure gold foil in a solution ot 
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potassium cyanide 81ld ooncluded that oxygen was necessary 

and that no gold dissolved in its absence. At the same time 

he advanced the first discussion of a possible mechanism for 

the role of o:x,gen in the reaction. He suggested three hypo-

thesis giving the f'ollowiDg as the most probaile; that the 

oxygen end the cyanide ion act simultaneously on the gold 

in aringi.ng allout its solution. His explanation was that the 

affinity of gold for cyanide ion, and O.Jcy"gel1 for potassium 

ion, was greater than that ot potassium ion for cyanide ion. 

In essence this is the modern concept, although the modern 

electrochamical expl~tion e~resses it in a simpler and 

clearer form. 

The following year, 1896, S .B. Christie (3 2) 

criticised MacArthur ver:; sharply for his assertions. Ohristie 

cpoted from MaoLaurin to prove the necessity of oxygen to iring 

about the solution of e§)ld. He also declered that a personal 
' 

intensive investigation had convinced him of the role played 

iy oxygen and completely confirmed Elsner's equation. Be ex-

pressed the ielief that gold will go into solution only- it free 

oy-anogen is produced. The mechanism of sol ut ion is descri ied 

as tollows, "The affinit7 of' the potassium for oqgen and water) 

oomiined with the affi.nitJ' of the cyE'nogen for gold and cyanide 

of potassium,leads to the tormation of potessium aurocy~ide 

and caustic potaSh." 
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Clennel and Butters (33 ) in 1892 accept-

ed Elsner 's equation. '!hey showed that the amount ot cyan­

ide used in plsnts operating at the time was considere8ly in 

excess of the amount required, and explained the additional 

consumption as ltei.ng due to the destructive action of acidic 

material present. 

Bodlaender (34) carried out experiments which 

imicated that Elsner 's equation was correct. He dissolved 

gold readily in aerated sol ut ions and sb:>wed t het hydrogen 

peroxide is f'orm.ed when gold dissolves in cyanide. He rep­

resents the reaction as follows, 

The hydrogen }_'Jeroxide then reacts with more 

gold causing the solution of two more atoms accordiiJg to the 

following equation 

H2o 2 + 2Au + 4XC!l -~ 2KAu( ON ) 2 + 2KOH 

The two equations comai:a.ed give Elsner 1 S 

equation. Bodlaender carried out qlantitative experiments 

and was a.'ble to detect 72.3 per cent of the hydrogen peroxide 

theoretically re~ired ay the first reaction. 

In 1897 Bethel floated gold leaves o:a. a cyanide 

solution and excluded ox;ygen lty a contiwal passage of a stream 
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ot hydrogen, when no gold dissolved. The following year 

writing in the South African Mining Journal (35) se suggest-

ed that KAu(Oll)~wes formed as an intermediate product. The 

ecpations would then ie 

2Au + 6XCN + 

this is followed by 

The combination of the two equations giving the 

ElSQer equation. 

In 1900 s.B. Ohristie (36) presented the electro-

chemical theory of the solution of gold. The theory is aased 

on Bernst's !heor,r of Solution Pressure and the Dissociation . 
'Dleory as advanced iy Arrhenius. Until the work on solutions 

iy these men was generally' accepted, and the theories, advanced 

iy than to explain oiserved phenomena were recognized, no set-

isfactory explanation of the solution of gold in cyanide sol-

ution could ie advanced. Christie's article is the first att-

empt at a correlation of these theories and the first present-

ation of the modern concept of the proilem. His explanation 

is similar to the one given at the close of this section. 



- 19 -

Aeout this time, 1905, Julien and Smart's 

iook Qygniding Gold and Silver Ores (37 ) first appeared. 

In it they advanced the theory that the solution of gold 

was due to the action of a galvanic couple. To &ring about 

solution of tll.e metal there was needed a difference of pot­

ential between two points on its surface, and secondly, these 

two points had to he in electrical contact in the same solution. 

A similar couple would 'be set up if the gold was placed in the 

solution in contact with a metal, electro-negative to it in 

the solvent. 

Julian and Smart declared that "Yor the continued 

dissolution of gold and silver at ordinary tanperature and press­

ures, oxygen or an oxidizing agent is desiralle if not eisolutely 

essential." But they continue the oxygen, tthas no direct action 

in the dissolution of gold •" 

They give the mechanism as 'Deiag similar to the 

followillg. When the gold is present in a cyanide solution in con­

tact with a metal which is electro-negative to it in the solvent, 

au electric current is set up, gold dissolves and hydrogen is de­

posited on the cathodic metal. From this we may s umise that Julian 

and Smart probaily agreed with the following as an expression of the 

reaction. 
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4XCN ~ 2Au + 2H 0 --. 
2 

2KA.u(CN) _. 
2 

The hydrogen generated tends to polarize the 

cathode and results in a dim.inut ion in the current strellgth. 

When the cathode is completely polarized, the current stops 

and solution stops. The effect of air or oxygen, or an oxid-

izing agent is to saturate the solution surrounding the cathode 

and induces the occluded hydrogen to become ionized forming hy-

drogen peroxide and water, as well as water directly 

2H + 02 -~ B202 

2H ... B 0 -~ 2H20 2 2 

2H .. 0 --· 2HO 
2 

The above meOhenism is plausible, but it only 

permits the solution of gold in the presence of, a~d in contact 
' 

with a metal which is electro-negative to it. It has been shown 

by many investigators that in the presence of oxygen, pure gold 

foil will dissolve in cyanide solutions. The Julia~ and Smart 

mechanism. offers no explanetion for this phenomenon. 

From 1903 to l918 the literature contains three 

references to the soluti~ of gold. In 1904 Engler and Weissberg(38) 
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and in 1913 Reichenstein (39) expressed the helief that an 

intermediate product, gold peroxide, is for.med. In 1917 

Watts and Whipple (40) declared that the access of air is 

assent i.al to the solution of gold in the potassium cyanide 

process, Deillg attended ay the evolution of hydrogen. 

In 1918 T.H. Crowe (41) delivered a p~er ai 

the Colorado meeting of the A.I.M.E. He desorioed qus.lita.tive 

experiments under vacuum vdlich showed tbet if the oxygen is re­

moved no gold will dissolve. The following year Kei th (42) pui­

lished an article in the Engineering aDd Mining Journal entitl­

ed ~ect of Air in Oyanidation. Re states, "In analysing the 

reactions one finds that gold in cyanide solutions has a higher 

atrinity for cyanogen than has potassium lut it cannot exercise 

tha.t affinity unless SO:riJ3 element is present in the solution to 

com.iine with the potassium to form its oxide K
2
o. To complete 

the react ion and :f'Ulfill the equation the oxide combines with 

water to for.m ZKOH. The gold cyanide, iusolulle in water alone, 

dissolves in the sol ut ion of 2KC!l to form 2XAu( ON ) 2." The re­

actions involved would then le as follows. 

4ECN + 02 --. 

20li + 2Au -+ 

X20 + :?ON -to 2KCN + 0 

2AuOB 
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2AuC N + 2KON _ _.,. 2KAu (ON ) 
2 

From 1919 to 1934 papers appeared by White (43) 

and 'Dy B~ (44) lut no new ideas were advanced. As late as 

1934 then, although it was genere.lly agreed that o.xygen was 

essential for the solution of gold aDd the Elsner equation was 

generally accepted. No one had disproven the theory that hydro­

gen was evolved during the solution. In 1934 Barsky, Swainson 

and Hedley (45) calculated the free energy changes tor various 

hypothetical reactions and showed that the reaction involving 

hydrogen as first proposed iy MacArthur and first e=tpressed 'Dy 

Janin was impossiile from the point or view of the energy chang­

es involved. '!hey also shared that from the free energy changes 

involved the two stages involving the formation and deco~osi tion 

as first postulated iy Bodlaender c~ld occur readily. 'In 1935 

Holmes (46) carried out a very care:f\11 study of the reactions 

involved in the solution of gold end s Uver in cyanide. His 

resu.l ts showed that Elsner 's ecpation is correct, end he sugg­

ested that the reaction proceeds in two steps as follows: 

(a) 2Au + 4KCN + 02 + 21120 --+ 2KAu(Oll) 2 + KOH + H2o2 

(i) 2Au + 4KCN • H2
o

2 
--. 4Klu(CN) 2 + tKOH 
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which sumnarized, gives 

4Au + SHJN + 02 + 2H20 --+ 4KA.u(CN) 2 + 4XOH 

Holm.es also proved that KAu(CN)
4 

does not 

torm. as Bettel suggested in 1897. In his work m gives the 

electro-chemical explanation as first advanced iy Christ ie in 

1900. The theory of' the solution of gold is concerned with 

Bernst 's Theory of' Solution Pressure and the .Arrhenius Dise­

ooiation 'theory. 

Dissociation Th8o;r. 

'!'he Dissociation Theory is so well known am 

so widely accepted to-day that no elalorate account of it will 

lte given here. Stated simply it says that all suistances will, 

in solution, dissociate into electricallY charged particles call­

ed ions. The amount of di ssoo iation varies with dif'fere~t sui­

stances. Considering a solution of potassium cyanide we can 

think of it as consisting of potassium end cyanide ions as well 

e.s undissociated ions of potassium cyanide. We can also think 

of oxygen dissolved in the solution e.s 'being present in the ionic 

state. 



- 24-

Bernst TQeory of Solution Pressqre. 

liernst ( 47 ) pos tul at ed a property :tor all 

metals called solution pressure, or 'solutioh tension' in 

virtue o~ which they tend to pass into solution as positive 

ions. When a metal is dipped into pure water a numl:>er ot 

positive ions pass into the water UDder the stress of the 

solution pressure of the metal, leaving the metal with a 

negative cha.rge. A ditferenc e of potential therefore exists 

ietween the metal and the liquid. Sime the ions carry a 

comparatively large ob.arge they do not move far away from 

the oppositely ehe.rged metal. The attraction of the opposite 

charge prevents the further expulsion of positive ions from 

the metal end a state is established, with. e. very definite pot-

ential difference, when only a very few ions of the metal have 

entered the liquid. 

' 
In developing the theory Nerl;l.St assumed that 

the tendency for the metals to ionize was opposed iy the reverse 

tendency of the ioDS in the solution, as a consequence of their 

osnotio pressure, to leave the solution and deposit on the solid 

metal. Considering a mete.l dipping into a solution of its ions, 

the relative magnitudes of the solution pressure and the esmotio 

pressure will determim whic~ tendency is to predo~imte. Three 

oases are possible. 
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(l) T.he solution pressure of the metal is greater 

than the osmotic rressure of the ions of the metal. '!he ten-

dency for ions to leave the metal will predominate and as a 

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 e.x.-

ists between metal am solution. 

{3) The solution pressure of the metal is less than 

the osmotic pressure. The tendency for ions to leave the solution 

now predominates. The l.IW3tal acquires a positive charge and the 

solution is left nege.ti vely charged. 

Aooordillg to this view tllere exists a difference 

'Detween the tendency or the metal to assume the ionic state and 

the tendency of the ions to assume the metallic state, and this 

difference can be expressed on a potential scale. The difference 
' 

of potential is called the single potential of the metal and is 

a fUnction of the eftecti ve concentration of the metal ion. liernst 

showed the t the potential ditferenc e 8etween 8 metal end its ions 

depended on the logarithm of the comentration of the metal ions 

in the solution. He formulated the mathematical expression which 

is called the Hernst Equation, that, 
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where E is the potential of the ~m tal, when 0 is the con­

centration in gram ions per litre, R is expressed in joules, 

T is degrees Kelvin and E0 is the potential difference ie­

tween the metal and the solution when the concentration ot 

the mete_l ions in the solution is one gran per lit re. 

The new cone ep t of ionization has shown that 

the degree of ionization is much greater than was thoughtpre­

vioualy. Due to the wo lie of Ghosh, Delye, Huakel (47) and 

others, Nernst •s e<Jla tion can a e nodi fi.ed by the suistitution 

or the lo~rithm. of the product of the concentration and the 

activity coefficient of the system, for loge c. The product 

is known as the activity. 

The position of gpld in the electromotive series 

shows that it has a low electrolytic solution pressure, that is, 

there is only a slight tendency for gold atans to lose their val­

ence electron and form gold ions. 'l!le osmotic pressure G!e to 

the gold ions in the solution nm.st therefore 'be maintained e.t 

a low value if solution is to he effected. 

liernst's theory, although it successfUlly elq>lains 

many observed phenomenc_ is but a theory, and therefore one cannot 

suggest a mechanism of gold solution, and state with aisolute cer­

tainty that the solution. of 8)ld is acoording to that e~lanation 

and cannot take place according to any other. One can only advan.ce 
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what seens to be a plausible explanation of known facts. 

A mechanism which explains all phenomena that 

are known to take place and is s~ple in concept, is as fell-

ows. It has been fir.mly established that an oxidizing agent 

is essential for the solution of gold, a~d that sodium or 

potassium aurooyanide is formed. It is assumed that the ox-

idizing agent is dissolved oxygen since o~gen 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 for.m it reacts with the alkali or alkaline cyan-

ides to form the aurocyanide. '!he probable equations are, 

4Au - 4e 

4 electron receivers + 4e 

4Au + 4 electron receivers 

--
• 

4Au + 

4 negative ionic valencies 

4Au+ + 4 negative ionic 
valencies 

(a} 

There are macy investigators who have .suggested 

that the oxidization of the gold, and the formation of gold ions 

tEkes place in more than one step. Tb.ere is no intention here 

of dismissing this possibility as being entirely 1mplausible. 

All that concerns this explanation is that gold atoms give up 

electrons and form gold ions, and that an oxidizing agent must 

be present to receive these electrons. T.he gold ion reacts 
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with cyanide in the following mBnner. 

4Au + + SKCH + 40lr --· 4KAu(CN) 2 + 4KOH 

Equation (a) is an expression in the form ot 

a chemical equation of the equilibrium between gold in the 

metallic and the ionic states. As long as the activity o~ 

the gold ions is below the value required to satisfy the eq-

uilibrium the reaction will move to the right and the solution 

of the gold will continue. 

It has been shown that the complex aurocyanide 

ion is very stable (48). The ion dissociates in the following 

mazmer 

Au(CN) __ _. 
2 

and the value of the dissociaticn constant for the equilibrium 

is, X = 10- 28. This means that the auro-

cyanide is only slightly dissociated and that the activity of 

gold ions is very small. The vcJ.ue DJB_y be further depressed by 

maintaining a high concentration of the cyanide ion. In modern 

milling practice the activity of gold ions is maintained below 

the value required to satisf'y the equilibrium constant for eq-

uation for ecpation (a). The react ion proceeds to the right 

and goes to completion. 
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'!'he very basis of the solution of gold in cyanide 

solution is therefore the fact that a gpld-cyenide complex ion 

which is slightly dissociated is for:med, and 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 

small. It is less than the electrolytic solution pressure ot 

gold, and therefore the solution of gold takes place. 
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PURPOSE OF THE INVEST! GA'IOR. 

All studies of arsenical gold ores, nota.ily 

those carried out ay Leaver, Woolf and Jackson, have ieen con­

fined to the problems encountered in the roast iiJg of these ores. 

Previous experience had shown that the elim.inations ot the arsenic 

left the ore more amenable to treatment ay cyanidation, and as a 

result a complete elimination of the arsenic was aimed at. The 

idea was to drive the arsenic off at a laar tanperature Slld there­

ay prevent the format ion or arsenic-iron compounds which might 

retain soma of the gold. 

In these studies however no thought was given to 

the effect of sending large volumes of toxic arsenic fumes of'f 

to the atm:>sphere. In certain regions of Canada, ~elec for ex­

anple, there is legislation limiting the quantity of arsenic fumes 

which mey be given off per day. This means that efficient coll­

ecting appa.ratus must 'De installed to eo manse and collect the 

arsenic trioXide. And having eliminated the e.rsenic from the 

stack fumes the question of its disposal must 'De considered. Ar­

senic is to-day a drug on the world mrket. It cannot be given 

away. It cannot le dumped into the streams or disposed of in any 

way; it can only 'De stored in the hope that the world demand will 

increase, and it can then ie IDBrketed. 
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It was therefore decided to first investigate 

the possiaility of roasti~ the arsenical ore in such a manner 

as to fix the arsenic in the form of non-volatile compounds. A 

low temperature roast was tried. In en oxidizing atmosphere a 

reaction occurs 'Detween calcium and arsenJ.c and a compound, ie­

lieved to be calcium arsenate is formed. In the spring of 1937, 

Rem.aay (49) ce.rried out a series of experiments along these lines. 

He managed t~ retain 70 per cent of the arsenic in the calcine, 

and iy' fine grinding end treatment iy cyanide, obtained an econ­

omic extraction of the gold. The experimental work of the first 

three months therefore had as it a aim the thorough i meat igat ion 

of the possiiilities of this process. 

The second half of this work is concerned with 

the treatment of the raw eo~ ent rate. An effort was made to 

evolve a process of recoveriug the gold value economically with­

out roasting, particular attention ieing paid to tests wliich 

would indicate the mode of' oocurrence of the highly refractory 

gold. For the greater part of this wor.k the same concentrate was 

used. 

In the 1 ast month of the term a shipnent of fresh 

untreated concentrate was received and several of the later exper­

iments were carried out on this IJlE_teriel. 



- 32-

DESCRIPTlOB OF E9Il!PMElfT USED. 

'!'he equipment used may le divided into three 

parts. the Grinding, Roast iug aDd Agitation Divisions. Each 

of these will ie dealt with separately. 

(a) Grinding Eouipment. Griz:di.ng was carried out in the foll­

owing epparatus. 

(l) Porcelain Pe'Dile Mill. The mill was used for the dry grind­

ing ot small charges of ore and calcine, and for mixing che.rges 

ot lime and comentrate. A charge of four pounds ot silioa peii­

les was used. (Fig. 1) 

( 2) Two Iron Pebble Mills. 'l'h.ese mills were m de in the Metall­

urgy laboratory and were used for grindiiJg and mixing of saall 

charges. They were each charged with two pounds of silica pe&bles 

and were rotated by the use of wooden rollers. The mill,d~en­

sions are 12 inches ey 4 inches dia:neter. 

{3) Ball Mill. This mill was used for large charges up to 2000 

grams in weight. The \>all oharge was 45 pouuds of one inch forged 

iron aalls. The shell of the mill is from a. speciel casting free 

trom blow holes. Its dimensions are 3 feet ly 18 inches diameter. 

{Fig. 2). 
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(\) Roasting Eguinment. Small scale roasts were carried out 

in 4 inch Battersea clay crncieles heated in a small gas fired, 

muffle fUrnace. (J'ig. 3 ). Charges of l,OOO grams or over were 

roasted in a s mgl. e hearth roaster heated iy means of a resist­

aDOe element in the cover. (Fig. 4). The charge was constantly 

stirred 'Dy a mechanical ra'Dile, 'belt driven iy a motor through a 

set ot reduction gears. Speed of the ra'D'bles was about five rev­

olutions per minute. The roaster is aiout 16 inches in diameter 

and lined with alundum CEIJlent. 

'!he temperature of the furnace was raised iy conn­

ecting the resistance element in the cover to a power source ot 

220 volts, through an automatic cut out circuit. A nichrome­

chromel thermocouple was inserted in one side of the furne.ce so 

that it rested just above the ra8ble arm. The thermocouple was 

connected to an automatic temperature recording device. The 

temperature recorded was that of the gases as they left the 

charge. 

(c) Agitation Eouipmsut. Three types of Agitators were used. 

These will 'De designated by the names Roller, Rotating and Press­

ure types. In connection with the first two, glass "Winchester" 

lottles were used. In the Roller Agitator the oottles were plac­

ed on a series of wooden Rollers which were belt drivon ay a 

motor. The 'bottles were DOt stoppered. In the Rotating type 
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the bottles wereheld in compartments carried on a shaft conn­

ected to a motor. Each compartment ha.d a spring lid, and e. 

rueher pad at the sottam; a pad ot sponge rul8er was fitted 

around the neck of the oottle and it was held securely radially 

to the shaft. iy the spring lid. The shaft carried eight com­

partments, in four pairs, enclosed in a box, 4 feet long, 2 

feet wide and 3! feet deep. Speed of rotation of the shaft was 

40 revolutions per minute. 

The Pressure apparatus (Fig. 5} o ousisted of a 

small agitating shell s~ilar in design to a Pachuoa tank. T.he 

apparatus is completely enclosed. Air at 30 pounds per square 

inch gauge pressure, is fed into a centre tuie which leads it 

down to the base of the shell. It wa-.les up through the charge 

leaving the apparatus at the blow-off' valve. A continual supply 

of eir is therefore provided m addition to very intensive agit­

ation. 
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EXPERIMENTAL WORK 

PART 1 

TESTS ON ARSENIC 

FIXATION 

A total of thirt,r-six tests were carried out 

to determine the possibility of fixing the arsenic e,y a low 

temperature roast with lime. Of these, thirty-two were on a 

sma_ll scale in the gas fired muffle using a thirty to fifty 

gram cilarge in a four inch crucible. '!he results are some-

what erratic because the tanperatures were judged entirely by 

' 
eye, and some difficulty was emountered in reproducing sim-

ilar t en.peratures with different charges. For the low temper-

ature roast an attanpt was made to keep the temperature high 

enough to just oxidize the sulphur to sulphur dioxide. Such 

a roast on a smell scale usually lasted from twenty to thirty 

minutes. 
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The high temperature roast was or approximately the same 

duration but the ta:n.perature was raised quickly to approx­

imately 700° a. In many of the tests air wss blown over the 

charge. 

The lime used in all the tests had a OaO con­

tent of 83 per cent availe.ble lime. It we.s finely ground, the 

degree of' fine ss being su eh that 50 per cent could pass through 

the openings of a 200-mesh screen. The impure lime was added 

in amOUllt s to give the desired OaO con tent, that is, a lOO-gram 

charge containing ten per cent OaO, 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 section. They indicate that between 60 and 

70 per cent of the arsenic can be reteined in the calcine prov­

ided the cone entrate is ground with about ten per cent DY weight 

of lime, to approximately 100 per cent minus 200 mesh. Three 

tests in which the concentrate was mixed as received, that is, 

t~t 35 per cent minus 200 mesh, with varying amounts of lime, 

gave arsenic fixations from 35.3 to 42. 5 per cent of the origin­

al arsenic ccntent. Grinding the charge to about 100 per cent 

mesh 200 :mesh, as in test No. 2, raised the percentage of arsen­

ic retained to about 60 per cent. In several tests 70 per cent 

was obtained. The effect of high or low temperature roasts, or 
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of having an air current blowi:og over the charge cannot le 

accurately ascertained, sine e the estimation of the temper­

ature of the charge was quite indefinite, and it was diff­

icult to determine whether varying results were due to the 

h.igher roasting temperature or the air current. Addition 

of n:enga:uese dioxide to the concentrate, with, and without 

lime, and the substitution of pure li"ffiestone in the place 

of the lime, do not give any higher f'ix~tion of the arsenic. 

The results of the large seal e tests do not 

differ any mBrked msnner from the tests in the small crucibles. 

'!he procedure was to grind the cooo entrate and the lime together 

in the pebble mill or in the ball mill and then charge the mix­

ture into the roaster, cold. The current was then turned on and 

the charge brought up to temperature. The temperature used var­

ied with different tests but the a.verage was about 450° c. After 

two or three hours roasting the cur rent was shut off; the mechan­

ical rabbler was stopped; and the charge was well mixed with a 

spatula. The fUrnace was then &rought up to heat again., and the 

roast continued until the an ell of sulphur fumes was no longer 

obtained at the chimney. 

The purpose Of these large scale tests was to 

determine the am.enabili ty of the calcines to treatment 'by cyan­

idat ion. A gold extraction of 80 per cent was o'bta ined frcm the 
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calcine of test Ho. 5. This was the highest value obtained, 

and is pro'Dably due to the fact that this roast was finished 

at a temperature considerably above tlle roasting temperatures 

of the other three tests. The arsenic fixation in this test 

however was only 59.5 per vent as OOIIJ>ared with 68 per cent 

obtained in test No. 6. 

Under the best of conditions therefore only about 

70 per cent of the arsenic can be retained in the calcine. The 

elimination of' the remaining 30 per cent from the furnace gases 

would still necessitate the use of expensive electrical precipit-

ors, and the problem of disposing of this precipitated arsenic 

trioxide would still have to be faced. Also the most favourable 

conditions for arsenic fixation does not seem to leave the calcine 
' 

-1-'· 
in a condi~n in which an economic extraction of the gold is possible. 

/' 

It was, therefore, thooght :inedvi sable to continue the study further. 

It is quite possible that in a multiple h.$arth roast-

er opere.ted under highly oxidizing conditions, the oxidizing effect 

of the f'u.rna.ce gases from the lower hearths would be strong enough 

to oxidize the volatile arsenic trioxide to the more stable arsen-

ic pentoxide. Then with the greater p9rt of the arsenic in a 

stable form as the arsenate or the pentoxid.e, the roast might be 

finished at a temperature higb enough to produce a calcine which 

is anenable to treatment iy cyenidat ion. '!'hi .s idea could not be 
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investigated because there was no equipnent available which 

would serve as a mul tihearth roaster. 

EXPERIM:ENTAL RESULTS. 

TEST NO. l 

A 450 gran cmrge of the concentrate was care­

fUlly rolled and sampled. A ahanioel analysis showed that 

there was 4.56 per cent arsenic 2nd 19.5 per cent iron• A 

screen analysis of' the samule was as follows: 

TABLE NO. l 

~ 

+lOO 

+lED 

+ 200 

- 200 

Screen Analysis of Ore. 

Weight Grms. 

4.46 

7.43 

14.71 

13.28 

Distribution. 

Per cent 

11.30 

18.60 

36.80 

53.30 

100.00 

Three 100 grams charges were then mixed with 

va:rying anounts of' lime and roasted at a low temperature. 
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TABLE NO. ? Arsenic Fixation in '!'est No. l 

Test Charge h As. Fixation. 

19..!.. Per Can,t Per cent Per cent 

A Ore + 5 per ?0.8 1.51 35.3 
cent CaO 

B Ore + 10 per 18.8 1.62 34.2 
cent Cao 

c Ore + 15 per 17.1 2.2l 42.5 
cent CaO 

Reed 19.5 4.56 

Sanple calculati en of the per cent fixation is 

as tollows: 

Per cent Fixation is 

Per cent Fe in Calcine 
Per cent Fe in Co:ocentra.te 

- ~ X L.;i x 100 : - 19.5 4.56 

TEST liO. ~ 

X Per o ent As in Calcine x 100 
Per cent As in Comentrate 

35.3 Per cent 

A 1250 gram charge of ore was mixed well, 

sampled, and analysed. The arsenic present was 4.75 per cent; 

and the iron 19.4 per cent. The screen analysis was the same as 

in test No. 1. 
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Part E or this test is as follows. A weight 

ot ore plus ten per cant Ca.O were mixed to give a total charge 

ot 200 grams, and were charged d17, into the porcelain pebble 

mill. Two and e half hours of grinding reduced the charge to 

97.25 per cent minus a:>O mesh. 'lhe ground material was divided 

into five SaiLples alld each was roasted in a different manner. 

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

Sample Type or J.Pe As Fixation 
lo. Roast Per gent Per gent Per cent 

Read 19.40 4.75 

l Low Temp. 18.65 2.98 60.4 

2 High Tt:mp. 18.80 2.87 58.4 

3 High Temp. 18.55 2.99 60.1 
with air 

4 Hiejl Tanp. 18.30 2.86 56.8 
No air 

5 Hif#l TEmp. 18.15 3.64 71.5 
with air 

Part G of this test was to determine the effect 

of adding MnO 
2 

to the charge. A lOO gram charge of ore plus 

ten per cent CaO and two per cent MDl 2 was ground to 99 per 

cent minus 200 mesh. Two-titty gren sanples were roasted as 

follows: 
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TABLE NO. 4 !rs~ic Fixation m Part G of Test No. 2 

Sample Type of Fe .As Fixation 
No. Roast Per a ent Per cent Per cant 

1 Low Temp. 19.00 2.61 54.0 

2 High Temp. 18.25 5.08 61.0 

Part H ot this test was to determine the effect 

of Mn02 on the roast ot the concentrate without the addition ot 

lime. The charge was ground fine and roasted, Two per cent iy 

weight ot Ml:i> 2 was added, 

TABLE NO. 5 Arsenic Fixation in fart H of Test No, 2 

Sample 'l'ype ot Ye As Fix.at ion 
lo. Roast Per cent Per cent Per cent 

1 lDw Temp. 22.4 1.55 37.6 

2 High Temp. 22.4 1.46 35.4 

TEST :00, 3 
TEST NO, 3 A. one thousand gram charge ot con-

oentrate was rolled and sampled. '!he analysis was 4,85 per cent 

arsenic and 19.7 per cent iron. IIJdividual one hundred gram 

sanples were groulld to approximately oc.e htmdred p ~ cent minus 

200 mesh and roasted in varicus ways. Part A, E, P' and G are 

given here to show the ettect of replacing the lime with lime-

stone, In ell these tests the lim9stone was added to the eon-
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centrate in the pebble mill and ground dry. 

TABLE NO, 6 Arsepio Fixation in Test No, 3 

Sample Charge Type of le As Fixation 
No. Roest Per cent Per cept Per gent 

Read 19.7 4.85 

A 1 Ore Low TEmp. 23.4 0.75 18.4 
A 2 High " 25.7 0.96 2:5.7 

E l Ore + 5 per LO\t " 19.4 2.04 41.4 
oent OaO + 

E 2 5 per cent Hi~ " 19.3 2.32 46.8 
CaC0

3 

F 1 Ore 1- 3 per Lo-t " 19.6 1.83 37.6 
cent CaO + 

F 2 7 per cent High " 19.7 2.09 43,0 
CaC05 

G 1 Ore + 10 per Low " 19.3 1,08 21..5 
cent 

G 2 OaC0
3 High " 19.6 1.25 25.0 

TEST WO, 5 

A charge or 1350 grams concentrate and l50 grams 

Ce.O was ground for four hours in the pebble mill. It was then 

carefully rolled and sampled, and roasted at a tanperature be­

tween 450 end 480° c. for three hours. The top of the furnace 
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was then lifted off an.d the c herge well mixed with a spatula. 

The roasting was then continued for two hours. Duri:og this 

period the temperature was raised 1n 580° c and the roasting 

was finished at that temperature. 

TABLE liQ, 7 Arsenic Fixation in Test No. 5 

M3.terial Fe As Fixation 
Per cent Per Qent Per gent 

Read 16.5 4.30 

Calcine 18.7 2.24 59.5 

Cyanide Test on 081 cine from Roast lio, 5 

Two-tive assay ton charges of the calcine 

were placed in "WillChester" bottles with cyanide solution. 

Bottle No. 1 wa.s agitated on the ltOller agitator; bottle No.2 

was stoppered securely and placed in the rotating agitator. Air 

was 'D1own into the latter bottle every two hours for the first 

eight hours of the test. 

TABLE NO, 8 Gold Extraction eM Cyanide Consnyrmtion in 

Test Ho. 5. 

'l'ime or Agi te.tion - - 24 hours. 

Gold Oont ent or Calcine -- 1.02 oz. per ton. 



Bottle 
Ho. 

l 

2 

TES'r NO. 6 
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NaCB at Start Dilution 
l'b.per ton Sol. 

1.65 2.5:1 

2.70 4:1 

aaCN Consumed Extraction 
li.per ton Calc, Per Cent 

81.5 

4.00 ~.o 

A 2000 gram charge of concentrate was groUlld 

for four hours in the ball mill with 45 lbs. of one inch iron 

ialls. '!'he charge was then washed through a 20<>-mesh screen. 

T.be oversize, about two grams of material did not carr,y anr 

gold, The undersize was mixed in the porcelain mill for one 

hour with ten per cent of its weight of lime. The roaster 

was thee. charged, cold, with 1470 grams of this mixture and 

the cha.rge was roasted for five hours at a temperature between 

395 and 425° c. The charge was then well mixed with a spa_tula 

and the roasting continued for another hour at a temperature 

between 450 ~nd 450° C, 

When cool the charge was screened dry through 

e. 120 mesh screen. The .rm1terial passed through the openings 

of the screen very easily and no metallics were retained, 
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Materie.l 
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Arsenic Fixation in Test No. 6 

Fe 
Per cent 

As 
Per cent 

Charge to roaster 19.7 

Oe.lcine 19.7 

Fixation 
Per cent 

66.5 

Qyenide Tests on Calcine from Roast No. 6 

The calciJ:Je was divided into two parts B-1 and 

B-2. Part B-1 was cyanided directly and B-2 was ground for 

lt hours in the pebble mill and then cyenided. 

TABLE NO • l 0 Gold Extraction and Cyanide Consumption 

in Test No, 6. 

Pulp dilution --- 2.5a1 

T~e or agitation,--- 24 hours 

Strength or cyanide solution --- 2.75 lb. per ton of solution 

Gold content ot the calcine -- 1.12 oz. per ton. 

Material Bottle lieCN Consumed Extraction 
lb. per ton tJalcine Per cep.t 

B-l l 5.72 68.9 

2 6.10 69.2 

B-2 3 6.42 63.0 

4 6.26 68.0 
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In tests No. 5 and No. 6 the extraction was 

determined by assaying a known volume of solution for gold con-

tent. '!he assay- of the solution of' Bottle No. 3 is doubtful and 

the result should be neglected. 

The cyanide consumption in Test No. 6 is about 

50 per cent greater than in Test Bo. 5. This is probably due 

to the fact that the Fe SO 4 tormed was decomposed to a much great­

er extent in Test No. 5 because the roast was finished at a much 

higher temperature. Ferrous sulphate is .imown to decompose at 

a temperature ebove 600° C according to the following reaction. 

2 FeS04 -~ 

If' not decomposed it will react with sodium cyanide 

in the following mnner. 

FeS04 + l)life~CB ""'eCV so ~o. ___. J: a 2 + lie. 2 4 

Grinding the calcine apparently does not etfect 

the extraction. 

'!he results of Tests No. 4 and No. 7 will not 

be given in detail. They do not differ greatly from Test No. 6 

except that both the arsenic fixation and the cyanide extractions 

are somewhat lower. 
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PART 11 

SECTION A TESTS ON THE CONCENTRATE 

R E C E I y E D I N 1936. 

The ore from the Beatt ie Property in the raw 

state, is highly refractory to treatment by the cyanide process. 

Samples or the ore and of a flotation concentrate were tested 

at the Ore Dressing Laboratories of the Canadian Department 

of Mines, Ottawa, C8~ada, and at the Sullivan Concentrator of the 

Con sol idat ed Mining and Smelting C o. Limited at Chapm.an Camp, 
'" 

B.C. Both laboratories reported low extractions ranging from 

55 to 78 per cent for various treatments. The highest extrac-

tion obtained at the Sulliven Concentrator was 78 per cent, 

and this value was arrived at only after subjecting the eo~ 

aentrate to e long grinding period and cyaniding fro twenty-

four hours. The particle size of the final product is est~-

ated at 2000 mesh. 
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From the above it ID13Y be surmised that the 

gold that is readily dissolved is present as minute part-

icles, intimately associated with the sulphides in the ore. 

This opinion is born out by the results of the e.xperimental 

work which follows. The extra.ctiac.s obtained checked very­

closely with those obtained at the Sullivan Concentrator 

and at the Oenadian Depa.r'bnent of Mines Laboratory. 

In the first few tests given here either the 

solution was saved and assayed ar the final tailing was wash­

ed with hot water9 dried, and then assayed. In this way the 

extractions were computed, end it was not possible to cheek 

with the analysis of the head sample. Starting with Test No. 

15 however both the solution and pulp were saved. The solution 

and pulp washings were well mixed aDi by measuring the total 

volume, and assaying a known volume, the total amount of gold 

dissolved was calculated. Adding this value to the amount of 

gold left in the pulp gave the total gold content of the ore. 

In this way a check on the accuracy of the analytical wont was 

obtained. Extractiom as given however are based only on the 

tailing assay and the head assay. 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 analysis of the solutions 
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and tailing, differs from the value obtained by multiply­

ing the weight used by the analysis of the head. Extractions 

were expressed on this basis because it was felt that this 

value is more accurate Bnd obviates ~ error due to mechan­

ical loss of solution or final pulp. 

In m.any tests the dilution is given as being 

approximate. This means that after grinding, the sample was 

charged into the bottle for agitation in cyanide solution with­

out being dried. 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 cons~d are given. In most tests the effect of these 

alkalis was sought in a qualitative manner and therefore no quant­

itative dete~inations were made. 

TEST NO. B 

A 200 gram aharge of concentrate, in the condition 

in which it was received, that is, at 35 per cent minus 200 mesh 

was carefully rolled and s~pled. Then five assay tons were 

agitated for twenty-four hours in cyanide solution using the 

roller agitator. 
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l.OS 

TABLE NO, 12 

!laON Added 
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Gold E!trection in Test No. 6 

Dilution Time of Agi t • 
Hr. 

24 

Reagent Consumption in Test No. 8 

Extraction 
Per cent 

58.0 

NaOli Used OaO Added CaO Used 
lb. per ton Sol, lb. per ton Ore Lb. per ton Ore lb.per ton Ore 

4.93 4.93 

TEST NO. 9 

A charge of 1200 grams was ground to 100 per cent 

minus 200 mesh; filtered; dried and then sampled, Four charges 

of five assay tons eaoh were then weighed up, and treated in the 

following wey. The roller agitator wes used, 

TABLE NO. 13 Table Giying Treatment and Extractions 

in Test No, 9. 

Pulp dilution was 2.5:1 

T~e of agitation was twenty-four hours. 

Gold contents of concentrate was 1,03 oz. per ton. 
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Sample No. Trea1ment Extraction 
Per cent 

A Cyanided for twenty-four 68.5 
hours with. addition of 
10 poUDds of CaO per ton 
or ore. 

B Oyanided for twenty-four 58.4 
hours without addition,of 
lime. Additional cyauide 
added at't er 12 hours of 
agitation. 

0 Oyanided for twenty-four 68.7 
hours without lime. H

2
o

2 and M.nO 
2 

added every hour 
for first twelve hours 
then additional cyanide 
added and agitation con-
tinued. 

D Given a twenty-four hour 71.9 
ieliming treatment at a 
2.5cl dilution with sol-
ution containing fif~ 
pounds of CaO per ton of 
ore. Cyanide then added 
and agitation continued 
for twenty-four hours. 

TABLE NO. 14 Reagent Consumption in Test No, 9 

Bottle No. lfaCN Added liaCN Used .. CaO Added QaO Used 

A 

B 

0 

D 

Lb. per ton of Ore Lb. per ton of Ore Lb.per ton of Ore Lb. per ton 
of Ore. 

6.75 10,0 10.00 

11.08 9.'12 

9.33 8.62 

7.85 2.48 50.0 
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In Test 9B and 9C the cyanide left after twelve 

hours agitation was 0.11 pounds HaCN per ton of solution. T.he 

H2o2 was added as a three per cent solution by weight, the total 

amount added being 1.62 grams or 21.2 pounds per ton of ore. '!he 

Ml0 2 added was in the proportions required by the equation. 

H202 + 21&:1)2 4~ H20 + Jfn205 + Q2 

ME1205 + R202. -~ H20 + ah102 

The increase in cyanide oonsumed in Test 9A over 

the an.ount used in Test lfo, S was probably due to the fact that 

additional oxidation of the minerals took place during the grind­

ing and drying of the cone ent re.te. 

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

det~ined by assayiug a known volume of solution. 

TEST .NO. 15, 

The purpose of this test was to detenni~ the 

effect of grinding with lime, and also the time of agitation re­

quired for the best extraction. A charge of 960 grams of ore was 

mixed with enough lime of 83 per cent CaO content to provide 20.8 

pounds of OaO per ton of ore, and ground to 100 per cent minus 

200 mesh at 60 per cent Solids. 
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The sample was filtered, cut into eight parts 

with a spatula, s.nd each part was agitated with cyanide sol-

ut ions for varying periods o:r t hne. The rotating type of 

agitator was used, 

TABLE NO. 15 Gold Extraction and Cyanide Consumption. 

in Test No. 13. 

Gold Content of head, 1.03 oz. per ton 

Pulp dilution, 4:1 

Cyanide Strength, 5,20 per ton of solution. 

S?..mp1e Time of Agi t , NaCN Consumed Te il ing As say Extraction 
No, Hours 1b.per Ton of Ore Oz. Au per ton Per cent 

A 2 4.24 0.34 67 .o 

B 4 5.12 0.34 67 .o 

C. 6 5.76 0.32 68,9 

D 8 6.12 0,32 68.9 

E 12 6.32 0.32 68.9 

F 16 6.48 p.32 68.9 

G 24 7.52 0.32 68.9 

H 24 7.36 0,32 68.9 
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TEST NO. 14 

This test was a repetition of Test No. 13 as 

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

tthe eight parts were charged into eight "Wimhester" bottles 

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

agitator being used. 

TqLE NO, 16 

Sample No. 

A 

B 

c 

D 

E 

Various Treatments in Test No. 14. 

Pulp dilution, 4:1 

Time of Agitation, 4 hours. 

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

Treatmen.t. 

Agitated for four hours 

Agitated for two hours; then filtered 
and re-pulped with cyanide solution ot 
strength 3.03 pounds per ton, and at 
8.J>proximately the same dilution. .Agi t­
at ion then continued for an additional 
two hours. 

Same as B exo ept that 1 ime in 2In.Ount to 
give ten pounds of CaO per ton of ore 
was added to the re-pulping solution. 

H
2
o2 was added to the solution as a 

25 per cent solution in an emount e':iuiv­
elent to 128 pounds per ton of ore, and 
thee. charge was agitated for four hours. 

Same as D. The filter cake was then 
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re-pulped with cyanide sol­
ution, of strength 3,03 pounds 
per ton and agitation continued 
for additional two hours. 

Sample lost. 

Identical with E except that the 
seme en.ount of H2Q2 was added to 
the repulping solution. 

Sane as E except that H
2
o

2 
and lime 

were added to the re-pulpiug solution 
in amounts equal to 128 pounds and 10 
pounds per ton of ore respectively. 

In the above test and in test No. 13 the final 

tailing was washed four times with hot water, then dried, and 

broken up b,y passing through a pulverizer with the plates wide 

open, end assayed for gold. '!be extraction was calculated from 

this tailing assay. 

TABLE BO. 17 Gold Extraction in TeSt No. 14 

Gold Content of concentrate was 1.03 oz. per ton. 

Sample Tailing Asa(53 Extraction 
lfo, O;s. of Au Per cent 

A 0.34 67.0 

B 0.32 68.9 

c 0.32 68.9 

D 0.44 57.3 

E 0.42 59.3 
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SPmp1e Tailing Assay Extraction 
lio. Ozs, ot Au Per cent 

F 

G 0.52 68.7 

H 0.24 76.7 

TABLE NO, 18 Reagent Consumption in Test No, 14 

Sample NaC~ Used CaO Used 
Ho. ~'b • :ger To;g. O;te. a. 12er ~S Ore1 

2 hrs. 4 hrs. 'l'otal 2 hrs. 4 hrs, Total 

A 6,96 6,96 20.8 20.8 

B 6.01 2.24 8.25 20.8 20.8 

c 5.60 2.2, 7.84 20.8 7.44 27.44 

D - 11.64 11.84 20.8 20.8 

E 10.00 2.52 12.52 20.8 20.8 

G 8.so 8.56 17.36 20.8 20.8 

H s.so 5.92 14.72 20.8 9.24 29.24' 

'!he puz:pose of this test was to determine 

whether the refractory nature of the residual gold was due to 

a lack of oxygen. '!he fact that the extra_ction in Tests D and 

E are so low almost renders the results meaningless. However, 

neglecting these tests or attributing their high tailing to 

salting or insufficient washing of the filter cake and consideri:og 
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tests G and ~. we see tha re-pulping with added H 0 has 
2 2 

little effect. T.he addition of lime, however raises the ex-

traction by an appreciable an.ount. 

'!he emoUD.t of reagents consumed is very high. 

'Ibis is due to the destructive effect of the oxidizer, H2o2• 

The action of strong oxidizera in decomposing cyanide solutions 

was recognized ver,y early in the development of the cyanide 

process. As early as 1896 S.B. Christie (50) wrote that, "There 

is danger in using too strong an oxidizer or too much of it. In 

such a case,~----other secondary reactions likely to enSJ e 

with ores containing metallic sulphides, arsenides, and anti-

monides, Which lead to the destruction of the cyanide,----" 

There is little doubt that in this test not only was the oxidizer 

too strong but there definitely was too much of it. It is in-

teresting to compare the cyanide consumption in this test with 

test No. 9 where a 3 per cent H2o2 solution was used. From 50 

to lOO per cent more NaCN was lost in this test. 

TEST NO. 15 

This test was a study of the effect of regrind-

ing the cye..nide tailing with additional lime. '!he charge to 

the ball mill wes 480 grams of ore plus a weight of impure 

li.ma to give 20.8 poUDds of CaO per ton of ore, and this charge 
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was 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 cyanide 

solution f'or two hours. Then each bottle was filtered and tlB 

cake put back into the ball mill; another charge of lime eq-

uivalent to 20.S lbs. of OaO per ton of ore was added, and 

grinding continued for 45 minutes at 60 per cent solid. The 

cl:erge was then filtered and cyanided again in four bottles 

for two hours. All solutions were saved and assayed. The final 

pulps were washed four times with hot wa.ter, the washings being 

added to the solution. The pulps were then dried, broken up and 

well mixed. 

TABLE NO. 19 

Au in pulp 

Oz. per ton 

0.23 

Gold Extraction in Test No. 15 

Pulp dilution, 4:1 

Strength of cyanide solution, 2. 70 and. 
2.51 lb. AaCB per ton of solution. 

Total Au 
in j?ulp 

Mgs. 

Tote.l Au 
in Solution 

Mgs. 

l5.SO 

Extraction 
Per cent 

77.7 

On the basis of the above assays the calcul-

ated head is 1.14 oz. per ton and extraction 83.9 per cent. 
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!his is not in agreement with the value of 1.03 oz. obtained 

i7 direct ass~. The solution assay in the above table is 

however doubtful sinee the solution may not have been mixed 

well enough. On the basis of the tailing assay and the head 

of 1.03 oz. the extraction is 77.7 per cent. '!his value is 

probably correct. Cyanide conswnption was 4.91 pounds per 

ton of ore • 

TEST NO. 17 

It was suggested that the lime be replaced with 

sodium hydroxide. There is the possibility that in solutions 

made alkaline with lime the arsenopyrite oxidizes and CQmbines 

with the lime to fonn calcium arsenate. This compound is very 

insoluble and as it for.med, it would tend to precipitate out 

of solution, and might very well coat gold particles with an 

insoluble fi~. The use of sodium hydroxide in the place' ot 

lime would bring about the formation of sodium arsenate which 

is soluble in water and hence no coating of the gold particles 

should be obtained. 

The test is similar to test No. 16 except that 

.&aOH in an amount equivalent to 18.75 pounds per ton of ore was 

used in piece of the lime and after a two hou1· agitation the pulp 

from each of the four bottles was treated differently. 
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The procedure was as follows. The discharge 

from the ball mill wa_s filtered and placed into four bottles. 

Bottles A and B were agitated for two hou:rs e.nd five hours res-

pectively. Bottles C and D were agitated for five hours, the 

pulps were filtered and the filter cBAes were then reground for 

one hour et 50 per cent dilution. Ten pounds of ~aOH and CaO 

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. 

Sample 

J. 

B 

0 

D 

20 Gold Extraction in Test .Dlo. 17. 

Pulp dilution, 4:1 

Strength of ey ani de solution, 2.92 
lb. HaON per ton of solution. 

Procedure 

2 Hours 
Agitation 

5 Hours 
Agitation 

5 Hours 
Agitation 
Re-grind 
with NaOH 

5 Hours 
Agitation 
Re-grind 
withCaO 

Taili:3g 
Assay 

Oz. Per ton 

0.23 

0.23 

0.23 

0.23 

Au in .!u in 
Tailing Solution 

Mg. Mg. 

0.945 3.070 

0.945 3.520 

0.945 2.99 

0.945 3.76 

and 3.19 

Extraction 
Pel' cent 

77.7 

77.7 

77.7 

77.7 
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ln the above test after dryiug the pulps, 

they should have been weighed. Siwe this wei8hing was 

omitted a weight of 12Q, gm. was used in computing the total 

gold in the tailing. To check with the head assay the total 

gold values obtained in all four teats was added end from this 

value the gold content in oz. :per ton was calculated. It comes 

to 1.04 oz. per ton which checks with 1.03 oz. per ton, the value 

detennined by direct ass~. 

TABLE NO. 21. Reagent Consumption in Test No. 17. 

Sample .NaCli Amount Amount Amount 
No. Added Left Used Used 

Gm. Gm· Gm. Lb. per Ton Ore. 

.A. 0.71 0.44 0.27 4.50 

B 0.71 O.Zl 0.44 7.34 

0 1.48 0.54 0.94 15.70 

D 1.48 0.47 1.01 16.85 

ARSENIC REDUCTION TESTS. 

The following four teats are intended to show 

whether the highly refractory gold is present in chEmical com-

bination with the arsenic. Gold arsenic compounds have been pre-

pared synthetically. Alloys containing up to 25 atomic per cent 
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of arsenic have been prepared by fUsing together gold and 

an alloy rich in arsenic (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 unreasonable, to suppose that arsenic gold com­

pounds exist in the :natural state and that the highly refract­

ory nature of a definite percentage of the gold in some arsenic­

al ores is due to its presence as en arsenic compound. 

Many investigators have affected the reduction ot 

arsenic compoUDd s by ne. seen t hydrogen in an al.kal ine medium. The 

Nippissing Mill at Cobalt (55, 56) is e very notable example. Here 

the nascent hydrogen gelJere.ted by the action of a c~:tustic solution 

on e.luminum ingots wes used to reduce mineral containing arsenic, 

antimony and silver which formd part of the ore. It was there­

fore decided to try this aluminum-ceustic reduction treatment on 

the Bee.ttie ore. 

TEST NO. 18. 

T.he tailing from test No. 15, which assayed 0.24 

oz. of gold per ton was used in this test. A 300 gram charge 

was placed in the bell mill with 300 c.c. of a one per cent 

solution of caustic soda and 20 grams of granulated aluminum.. 

The bell charge consisted or 21 - li inch iron balls. The purpose 

of the balls was to A.eep 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 a cyanide sol­

ution of 4.28 pounds NaCN per ton at a three to one dilution 

for twelve hours. The rotating agitator was used. 

An ad.di tional five per cent of the total gold 

content of the cone eo.trate was extracted, raising the overall 

extraction to 81.5 per cent. Cyanide consumed •as 7.89 pounds 

per ton of ore. 

TEST NO. 19. 

This test was similar to the preceding one except 

that the reduction treatment was carried out in an open mouthed 

bottle on the roller agitator usiDg three short lengths ot 1/2 

inch al.um.inum rod instead of granulated aluminum.. Two bottles 

were used each containing 100 gr81Ils of" the charge in a one per 

cent ceust ic sol ut ion at a three to one dilution. '!he aluminum 

was added to one bottle only, the second bottle beiug used for 

conparison purposes. After twelve hours treatment the pulps 

were filtered, washed and cyanided for twenty-four hours using 

the roller agitator and a cyanUie solution of' strength 3.33 pounds 

NaC!l per ton, at a three to one dilution. The ore used was the 

composite t~ili~ of Test No. 13, which assayed 0.32 oz. per ton • 
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lio ap pr eeia ble di f'fer em e of extract ion was 

obtained between the two bottles. An additional 4 per cent 

of the gold wes dissolved but this was probably due to the 

action of the fresh cye.nide solution. Cyanide consumption 

was 1.~0 and 3.10 pounds Na.CN per ton ore. The higher value 

was obtained in the bottle cent aining the e.l uminum. 

There is little doubt that no reduction was 

effected in the above two tests. T.he gold dissolved in Test 

No. 18 undoubtedly is due to the additional grinding during 

the six hour reduction t reattnent and to the dissolving action 

of the fresh cyanide solution added. In these two tests however, 

relatively small Em.Ount a of aluminum were used, and there was 

the possibility that not enough :oascent ~drogen was evolved. 

In the following two tests therefore twenty-one aluminum ingots 

of a total weight of 1770 grans were used, and the tesiB were 

carried out on the co:ac entrate i tselt. 

TEST NO. 20. 

A charge of 575 grams of concentrate was ground 

to 100 per cent minus 200 mesh, and divided into four parts. 

Parts A and B were charged into two bottles with a one per cent 

caustic solution at approxi.mat ely three to one dilution. To B 

was also added three short lengths of 1/2 inch aluminum rod. 
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The bottles were roteted on the roller agitator for twelve 

hours. Parts C and D were charged into the ball mill with 

e. one percent. caustic s.olution and the· aluminum ingots men-

tioned above. The reduction treatment was continued for 

twelve hours • 

At the completion of the reduction treatment, 

the pulps were filtered, washed and cyanided for tweuty-four 

hours. Samples A and B were agitated in the roller agitator; 

0 and D in the rotating type • 

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

Gold content of head, 1.03 oz. per ton. 

Pulp dilution, 3:1 

Semple Wt. of Tailing Total Au Calculated Extraction 
6re Assay in Solution Head Per cent 
Gm. Oz./Ton J4g. Oz.per Ton 

A 96 0.24 2.69 1.06 76.8 

B 108 0.24 2.69 0.97 76.8 

c 189 0.92 0.49 0.99 ll.S 

D 181 0.90 0.52 0.98 12.5 
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TABLE NO. 23 Reagent Consmnption in Test No. 20 

Sample liaO.N Amount Amount Amount 
Ho. Added Left Used Used 

Gm. Gmt Gm. Lb. per ton Ore 

A. 0.50 0.2l 0.29 6.03 

B 0.50 0.15 0.35 6.49 

0 0.75 0.36 0.39 4.12 

D 0.75 0.36 0.39 4.30 

':EST NO, 2l 

A charge of 700 grams of comentrate was 

ground for two hours in the ball mill. It was then dried, 

broken up eud divided into parts A and B, each weighing 300 

grams; 100 grams was retained as a head sample. Part A was 

treated with a one per cent solution of caustic soda in the 

ball mill for twelve hours. The mill was charged with twent¥-

one li-inch iron balls. 
fv 

The sample was then filterei and out 

into three parts. Each part was agitated in cyanide solution 

of strength three pounds Na.CN per ton for six hours at a dil-

ution of three to one. The roller rotating and pressure type 

agitators was used for f€-rts one, two and three respectively, 

The blow off value of the pressure apparatus was set at 30 

pounds per square inch gauge, 

Sanple B was treated in an identical manner ax-

cept that twenty-one aluminum. ingots ot total weight 1770 gm, 
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replaced the iron balls in the ball mill. 

TABLE NO. 24. Gold Extraction in Test No, 21. 

Pulp dilution, 3:1 

Time of agitation, six hours 

Gold analysis of concentrate,1,03 oz. per ton. 

Sample Wt. of Tailing Total Au C al cu1 at ed Extraction 
No, Ore Assay in Sol. Head Per cent 

Gm. Oz.per Ton Mg. Oz.per Ton 

A-1 104 0.30 2.57 1.02 70.9 

A-2 98 0.22 2.78 1.05 78.6 

A-3 98 0.22 2.67 1.05 78.6 

B-1 94 0.34 2.11 1.00 67 .o 

B-2 121 0.55 1.85 1.00 46.0 

B-3 91 0.55 1.53 1.01 46.0 

TABLE NO. 25. Reagent Consumption in Test No. 21 

Sample NaCN Amount Amount Amount 
No. Added Left Used Used 

Gm. Gm. Gm. Lb. per ton 

A.-1 0.45 0.35 0.10 1.92 

A-2 0.45 o.~l 0.14 2.86 

A-3 0.45 0.16 0.29 5.82 

B-1 0.45 0.16 0.29 6.16 

B-2 0.45 0.15 0.30 4.95 

B-3 0.45 0.15 0,30 6.06 
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TEST NO. 22 

Since the abQve tests indicPte that 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 ot time and then cyanided. 

A 1500 gram charge was ground in the ball mill for two hours 

at 60 per cent solid with 18 grams of impure lime; it was 

then filtered and lf4 of it, Sample A, was cut out. T.he 

re:neinder of the charge was put back into the mill and 

grown for another two hours, when it was again filtered, 

and again 1/4 of it, Sample !B, was cut out. The procedure 

was repeated for a third time, the final grinding period 

being en additionel four hours. Sanple C, therefore had 

received eight h8Urs of grinding before it was cyanided. 

One half of each $8mple was dried and served as a head 

sample, the other half was agitated in the pressure· appar­

atus. 

TABLE NO. 26 Gold Extraction in Test No. 22 

Pulp dilution, 2.5:1 

Time of agitation, six hours 

Gold content of head,1.03 oz. per ton 
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Sample Wt or Tailiilg Total AU Calculated Extraction 
No, Ore Assey in Sol. Head Per cent 

Gm. oz. Per ton Mg. Oz. per Ton 

A 198 O,Z'f 5.39 1.05 73.8 

B 136 o.~ 3.84 1.05 77.7 

c 118 0,23 2.92 0.96 77.7 

TABLE NU, 27. Reagent Oon.snnmtion in Test .No, 22 

Sample NaON Amount ADlount Amount 
No. Added Left Used Used 

'lPGm.. Gm. Gm. Lb. per Ton Ore 

A 0.75 0.46 0.29 2.93 

B 0.75 0,38 0,37 5.60 

0 o.so 0.15 0.35 5.92 

The fact that no additional gpld was dissolved 

after grinding for eight hours suggests that either the last 

four hours of grinding did not bring about any further comm-

inution or that the gold which was not dissolved, is present 

in a state in which it is insoluble in cyaaide solution. 

SUMMA...trr 0 F THE TESTS OF SECTION A. 

In the above tests when a s~ple is said to be 

lOO per cent minus 200 mesh the degree of finess was determined 

by washing the sample through a 20 0 mesh screen. In several 
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of the tests in which e small charge was used most of the 

sample was much finer than this screen size. This is definit­

ely true of Test No. 17 (replacing lime rith caustic in the 

ball mill) and explains the fact that additional grinding 

yielded no additional gold. 

There is little doubt that in all the ebove 

tests it is the degree of comminution which determined the 

gold extraction. A sanple ground to a degree of finess such 

that 100 per cent will just pass the openings or a 200 mesh 

screen will yield 67 per cent of the gold. Additional grinding 

to ~ indefinite degree of finess will raise the extraction iD 

78 per cent of the gold vel ue and no higher value can be obtain­

ed no mtter how prolonged the period of grinding. 

The arsenic reduction tests carried out on the 

tailing of previous tests showed that snall additional extrac­

tio_ns of gold can be obtained by repulping with fresh cyanide 

solution, but otherwise the nascent hydrogen has no effect. 

The reduction tests on the ore itself only served to bring out 

this fact more clearly, and to confinn the statement that in 

the tests of this section it was the degree of comminution which 

determined the extraction. Thus the additional grinding of the 

iron balls in Test 2/JA was enough to lower the tailing to 0.22 

Oz. per ton. The aluminum ingots, being much lighter could 

hardly have the same effect. 
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The very low extractions of Test ~os. 19 and 

20, when the reduction treetnent was tried may be explained 

in the following manner. It is possible that the amount of 

hydrogen evolved was so great that even the subsequent wash­

ing was not enough to wash it out of the ore. This nascent 

hydrogen probably combinei with the oxygen available for gold 

solution am when the supply was used, the dissolving action 

stopped. This explanation is ruggested by the fact that the 

roller t,ype of agitator in whidh the bottle was rotated wit~ 

out a stopper gave improved recoveries over the revolving type. 

A sec~nd possible e.:xplenat ion is that due to 

the attrition of the aluminum ingots, against the shell of the 

ball mill, small particles of aluminum were scraped off and 

mixed with the chB rge. The alka.line cyanide sol ut ion would 

react with these particles to give a constant evolution ot 

hydrogen which again would affect the oxygen supply. In the 

pressure apparatus however where a continual supply of eir 

was e.vailable it is hardly c oncei va\lle that the oxygen could 

all be ta~en out of solution. This fact should have been in­

vestigated further but due to the 1 imit eEl time available it 

was found impossible to do so. 

Cyanide consum.ptions are somewhat erratic • The 

ore oxidizes very eesily and the results indicate that the more 

handling it receives the greater is the cyanide consumed. 
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T E S T S 0 N T H E C 0 N C E ~ T 2 A T E 

R E 0 E I V E D I N 1939, 

Since the tests described in Section A were 

all carried out on a s~ple of concentrate which had alrea~ 

been treated by oyanidation, and the studies et the other two 

laboratories referred to {Page 48) was done either on fresh 

ore, or on fresh concentrate, it was felt that the three in­

vestigations were hardly comparable. lu March of 1939, there­

fore, a fresh shi~ment of concentrate was re~uested from the 

management of the Beattie Gold Mines, and several tests were 

repeated using this material. 

A detailed account of these tests is not in­

cluded since no improvement in the gold extraction was o'Dtain­

ed and they do not advance any additional information. An 

accurate co~rison of the screen analyses of the two concen­

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

and a 400 mesh screen. 

TABLE NO, 28. 

Screen 

... 240 

... 400 

- 400 

Wet Screen ADElysis of Concentrates. 

Weight Per cent 

Concentrate received 
in 1936 

27.1 

8.6 

100.0 

Concentrate received 
in 1939 

50.5 

9.5 

40.0 

100.0 

The procedure and gold extraction of a test 

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

TFST !iO, Zl• 

A charge of 800 grams of concentrate wa_s ground 

for two hours in the ball mill at 60 per cent dilution. A 

qpanti t7 of lime to give 20 pounds of CaO per ton was added, 

The sample was then filtered, split into four parts, and each 

part was agitated with cyanide solution for varying periods of 

time. The rotating type of agitator was used, 
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TA,BLE NO. 29 • Treatment and Extraction in Test No. 27. 

Pulp dilution, 3:1 

Strength of cyanide solution, 3 lbs.~er ton 

Gold content of head s~ple, 0.96 oz.per ton. 

Sample Treatmgqt Extractions 

A One hour agitation. 77.1 

B Two hours agite,tion. 79.2 

c Three hours agitation. 79.2 

D Three hours agitation, 81.3 
followed by a regrind 
for one hour in the 
ball mill and addition-
al two hours agitation 
with :fresh cyanide 
solution. 
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STUDY OF !HE CONCENmATE BY 

GRAVITY SEPARATION OF THE MINERALS. 

A report of the Oanadien Department of Mines 

{57) describes the Beattie ore as beiug extremely fine textur-

ed and consisting of a quartz-carbonate gangue through which 

pyrite and arsenopyrite are disseminated in varying proportions. 

No native gold was observed. A later report (58) showed the 

presence or small ~ounts of gold occurring as a portion of 

the filling of skelton crystals of arsenopyrite, and also ass­

ociated with small ~ounts of chalcopyrite contained 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 apparently the metal is later than the mineral. On 

the other hand the micrographs presented by Lehlano (59) indic­

ate that the gold is for the most part associated with the pyrite 

and is present as minute grains locked up in crystals of pyrite. 
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TEST NO• 28. 

T.he concentrate received in the fall of 1936 

was used in this test. A large sample, weighing 4320 grams 

was split into three products oy washing successively over 

a 240 mesh am a 400 mesh screen. The plus-240 and plus-

400 mesh material were independently treated on a Wilfley 

table and a sepa.retion eff~ted between the pyrite and the 

arsenopyrite. Three products were obtained from each sample, 

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

tained a fair proportion of arsenopyrite and a. table tailing. 

A very snall weight of table tailing was obtained with the 

plus 400 msh material. It was therefore mixed with the midd­

liDg, the two being considered as one sample. The e.pproxjmate 

minera.l distribution is giveD. in Table No. 30. The per cent 

ot each mineral present was calculated from the iron and arsenjc 

analysis of the samples on the assumption that o+I.Ler miuera1s 

containing iron or arsenic were present in negligiile ~ounts. 

Including the minus 400 mesh material therefore, 

six products were obtained. Each of these was treated with 

cyanide solution, using ~inchester" bottles and the rotating 

type of agitator. The resUlts of the cya~ide tests are given 

in Table No.3l., The details of the cyanide tests are as foll­

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



T A B L E N 0. 30 

M I N E R A L D I S T R I B U T I 0 N I N T H E V A R I 0 U S S C H Jl: E N 

S I Z E S A N D T A B L E P R 0 D U C T S 

Sam:Qle Weight . ! ~Hit: l 1 r~ ·rcci.drt p y ' ' -~ 'I' 11' ' .L , '-' Ill~ ~l . ; ~i; l ~ 0 p ~ R I 1~ E 
r~rcent of Percent of Percent -,<.: :·U~ it c f ' c rcer;'L c• f lrrGent Per Unit of 
Head Head lle:tcl TcL:d r n-.;· 1 t Head 

Head 100.0 ' 35.2 10.9 

+ 240 27 .1 3::1 .3 6.0 
Table Cone. 8.47 80.7 6.8 18.2 8.3 0.7 
Middling 16.70 19.5 3.3 8.8 5.5 0.9 
Table Tail. 1.93 11.1 0.2 0.5 3.1 0.1 

27.10 

+. 400 8.6 44.1 8.1 
Table Cone. 5.30 65.7 3.5 9.3 10.0 0.5 
Middling 3.30 -- 9.0 0.3 0.8 5.0 0.2 

8.60 

- 400 64.3 36.4 23.4 62.4 ~4.6 9.4 

37.5 100.0 11.8 

r- P r c E· 1 d~ u f 

Total Pres eni 

6.0 
7. 7 
0.9 

4.3 
1 ... 7 

80.0 

100.6 

-.;a 
Q) 



TA B LE NO. 31. 

G 0 L D D I S T R I B U T I 0 N A N D F. X 'T' :1 ~\ C: T I 0 N I H rrH E V A R I 0 tT S 

L) J.-;. l; 1·; 1'~ 3 I 7. E S A N D 'i· A E L E I" :~ 0 D i: ~J: 

Samnle -~i: ht Sample J;:L~i J Lt I'~J.rk ral Present J _gold no 1:_1 l'c·.t·cc:•t of · 't.;J;:, 1 :':.'! ;, ' t. Au Ext. - __ .......__._ 

Perce-nt Percer1t Pyrite • • J I c ' t ContE~nt Go-ld ;~·re;_:l_·:·~ :;..l. .t c .~.·c \ ; , ·L· c f PFrcent ~irs cno};!yrl c e ont err 
I of Head Percent Percent Oz .oe-r Ton Per~ni1! of E:L'l..Cil ;J< Llill l 1 e ililld Gold in 

Head Head 

Head 100.0 35.2 10.9 

+ 240 27.1 38.3 6.0 1.03 0.28 25.6 
Table Cone 8.47 80.7 8.3 1.85 14.6 55.2 1 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 I 

...:z 
'-0 + 400 8.6 1.40 0.12 11.0 I Table Cone. 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 il'l Test No. 8 58.00 

I 
Extraction after grinding for one ~our 21.6' 

I I I 
80.4" 
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solution was three pounds of NaCN per ton. The time of a.git­

etion was one hour with a lime solution containing ten pounds 

CaO per ton of ore, then the cyanide was added and the agit­

ation was continued for five hours. 

The results indicate that of the gold present 

in each of the screen sizes the greater amount was a.ssooiated 

with the minerals of the table co.c.c ent rate that is with the 

highly pyritic material, but no definite statement can be 

made whether it is with the pyrite or arsenopyrite. Iu the 

plus 240 mesh meterial the concentrate can tained 66.1 per 

oent of the total pyrite am 41.2 per cent of the total arsmo­

pyrite and included in this Jmteriel was ffi.O per cent of the 

gold. These figures are all on the basis of the total amounts 

present in the plus 240 mesh I1l9. terial. The remaining 4~ .o per 

cent of the gold in this screen size was present in the middling 

and the table tailing which together contetined 33.9 per cent of 

the pyrite and 58.8 per cent of the arsenopyrite. The plus 400 

mesh material gives comparable results from which no definite 

deductioDB oan be made as to whether the gold is associated with 

the pyrite or the arseuopyrite. '!!le taile produots should have 

been examined under the microscope but unfortunately the test 

was done e.t the close of the year and there was not enough time 

left to carry out a thorougn microscopic study. 
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The test does indicate however that the reason 

for more than 20 per cent of the gold being refractory to sol­

ution in cyanide is more complicated than was previously thought, 

and that it is connected in sane wey with minerals present in 

the table concentrate. All accounts of previous work done on 

the Beattie ore conclude that the problem is purely one of un­

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 communication from the management of the Beattie 

Mine, received in April 1939, reports that the refractory portions 

of the concentrate are higher in silver and contain more arsenic 

than could be present in a.rsenopyrite. This suggests an associat­

ion between the arsenic and the silver in sane for.m, perhaps as 

a mineral not identified as yet in this ore. It is possible the.t 

the mineral came off the table at the concentrate and, that is, 

with the pyritic material, end is responsible for the unusual 

results obtained when the table concentrate was treated with 

cyanide. The mid:ll ing or highly arsenical table products of 

the plus 400 mesh material yielded ~ore gold than the similar 

coarser product. The additional unlocking of the gold in the 

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

one hour in the ball mill, raised 
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the extraction fra.m 46.2 per cent to 80.4 per cent (See 

Table 31, Page 79). But with the pyritic material not only 

was there no additional yield of gold in the finer screen 

size but additional. grinding actually resulted in less gold 

being dissolved (See Taile 31, Page 790. Only 21.6 per cent 

was dissolved as co~ared wi 1:h 55.2 per cent on the unground 

material. No explanation oen be advanced for this unusual 

result. It must be realized that this is the result of only 

one test. There was not e:oougb. time to repeat the test and 

verify the results. All aDBlyses for gold content however 

checked very well, and definitely no error was introduced 

through faulty ane_lyticel procedure. 
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CONCLUSIONS. 

The published reports of studies carried out 

on the Bea.ttie ore indicates that all previous investigators· 

ha_ve approached the problem with the idea that the gold is 

present as very small particles. The ann of the investigators 

has been the unlocking of the gold particles to aid the dissolv­

ing act ion of cyanide solutions. To a certain extent in this 

study, the problem was approached f"rom the same viewpoint. The 

final test as given in Part 11 Section C of the experhnental 

work indicates, however that the problan is more canplicated, 

and should be approached from the point of view of a complete 

understandhl.g of tl:e gold association in the table concentrate. 

The work done at the Beattie ~e suggesting the possibility of 

a canple.x arsenic silver mineral as the reason for the refracto:r;y 

nature of a portion of the c cnc entrate, should certainly be con­

tinued. The existence of smh a complex mineral with dissolved 

gold may be the reason for the difficulty encountered in treat­

ing refractory arsenical gold ores. ~view of this possibility 

the reduction tests (No. 20 end Jfo. 2l) should be repeated and 

the explanations ad vane ed for the low extractions (Page 72) more 

thoroughly investigated. 
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A P P E N D I X. 

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

Arsenic Detennination, 

The following method was used to determine arsenic 

in both the concentrate and calcine. 

Place a one gram sample of the material in a 500 c.c. 

Erlenmeyer flask, Add 2 gr~s of anhydrous sodium sulphate, 5 - 6 c.c. 

of concentrated sulphuric acid, and l/4 of a 9 cm. filter paper. Heat 

gently until decomposition of the material occurs and then more strong­

ly until all the sulphur fumes have been driven off and the carbon has 

all been oxidized, When clear allow the flask to cool on its side in 

order to -avoid breekage. Add 90 cc. concentrated hydrochloric acid, 

3 grams of cuprous chloride, 2 gr8ms ferric chloride and a few glass 

beads to prevent bumping, Distill the liquid and receive the dis­

tillate in 100 c.c. of water in a 400 cc. beak~. Neutralize the 

distillate with 15 N ammonium hydroxide using litmus paper as an 

indicator, Make just acid with concentrated hydrochloric acid and 

then add 3-4 grams, or an excess, of sodium acid carbonate. Cool to 

roam t~perature, add a few c.c. of freshly prepared starch solution 

and titrate with a standard iodine solution until a permanent blue 

color appears. 
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Iron Determination. 

The method used in the Dichrorm:lte .Method for 

iron a.nd the procedure is as follows. Treat a one gram san:ple 

of the material in a 600 c.c. pyrex beaker with 10 c.c. ot aqua 

regie.. Take to dryness et a low heat and bake gently for about 

ten minutes. Add 15 cc. of concentrated hydrochloric acid and 

heat until the solution takes on a unifo~ yellow color and the 

residue in the beaker co:osists only of clean scilica. While 

hot, add stannous chloride drop by drop until the solution turns 

solourless, that is,until all the iron has been reduced to the 

ferrous state. Then add two or three drops in excess, wash the 

sides of the beaker with distilled water and make up to about 

400 cc. Then add 10 cc. of a saturated solution of mercuric 

chloride. A white gelatinous precipitate of mercurous chloride 

comes down. Titrate with a standard solution of potassium di­

chromate using a solution of potassium ferricyanide as an out­

side i.ndicater. 

The ferrioyanide should be made up in small quan­

tities when req~ired and Should be dilute; about 0.1 grams in 15 

c.c. of water. The ferrous iron changes the color of the ferri­

cyanide to a deep blue ,but it is not affected by ferric iron. At 
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the end point, when the ferrous iron has all been oxidized to 

the ferric state the color therefore remains unchenged. 

Sulphuz· Detennination. 

Weigh one gram of ore into a dr,y 250 eo. Erlen-

meyer flask. Add 3 grsns of potassium chlorate and 10 to 15 cc. 

ot nitric acid. Boil gently and take nearly to dr,yness, to a 

pasty coDdition, but do not bake. Neutralize with a saturated sol­

uti on of sodium carbona_te. Add 200 o.c. of the hot saturated sol­

ution of sodium carbonate and boil at constant volume for thirty 

minutes. Add 50 c.o. of cold distilled water. Filter and waan 

thoroughly. Cool the filtrate to room t empera.ture, cover with a 

watch glass and cautiouslY neutralize with concentrated hydrochlor­

ic acid using 5 c.c. in excess. Boil to drive off the co 2• Keep­

ing the solution hot add 50 o.c. of a dilute solution of barium 

chloride, about 20 grams BaOL2• 2H
2

0 to the litre. Add the ba_rium 

chloride drop by drop stirring the solution consta~tly. Let the 

precipitate settle and add another 10 c.c. of the barium chloride 

solution. If more precipitate forms continue the addition until 

the precipitation is complete. Cover with a watch glass and con­

tinue heating below the boiling point for one hour or lo:oger. Let 

it stand overnight. Then filter using filter p~er of close te~ure. 

Wash the precipitate two or three ti~es with hot water, then test 

the washiugs for presence of chloride ion. When the chloride test 
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is negative remove the filter from. the tunnel. Place in a porcel­

ain crucible and burn off the paper at the lowest possible temper­

ature. Complete the igo.iticn by heating for 15 or 20 minutes at 

the full heat of a Tirril burner. Oool in a dessioator and weigh. 

the precipitate. Oal~late the weight of sulphur present. 

If it is suspected that same reduot ion of the barium 

sulphate to the sulphide may have occurred, the contents of the 

crucible, after cooling, m~ be moistened with a few drops of con-

oentrated sulphuric acid. The acid may then be driven off by heat-

ing care:ftUly and then the precipitate weighed as above. 

Determination of Free Cyanide. 

The method used was identical with the practice at all 

mills, whLch treat gold ores by the cyanide process. A 10 eo. s~-

ple of the solution was diluted to 100 c.c. and then titrated with 

a standard silver nitrate solution using potassium iodide es an in-

ternal indice:tor. The end point is reached when the solution turns 

cloudy due to the fonnation of Ag(ON) , a light grey precipitate. 
2 

The solutiau of silver nitrate used was of a strength such that l c.o. 

was equivalent to 0.1 pounds KCN per ton of solution when titrating 

egainst a 10 c.c. s~ple. 

Determination of CaO in Solytigqs. 

Here again the method was one which has become standard 
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practice in most gold mills. A. 10 cc. sample of the solution 

was titrated against a standard oxalic acid solution using phenol 

phthalin a.s internal indicator. The end point is reached when the 

characteristic pink of the phthalein disappears 8~d the solution 

turns colorless. The strength of the oxalic acid was such that 1 

cc. is equivalent to 0.1 pounds of OaO per ton of solution when a 

10 cc. sample is used. 

Determination gf Available OaO in l4me. 

T.he method is based on the fact that "free" or "avail­

able" OaO is easily soluble in a suga.r solution. Procedure is to 

dissolve 20 gm, of cane sugar 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 may be shaken up at intervals 

for two days or placed in an agitating device for a few hours, When 

solution of the OaO is complete, allow the undissolv~d material to 

settle, withdraw an aliquot portion and titrate with standard sul­

phuric acid solution using phenol phthalein as an internal indicat-

or. 

Analysis for Gold in Solutions. 

Procedure was to evaporate a known volume of the 

solution in a boat made of lead foil. A few grams of boras were 

then added, the lead scarified to a button of 25 grams 1e~d cupelled. 



- 89 -

!nalysis of Gold in Ore and Calcine. 

Gold was determined in the concentrate and cal-

cine by the fire essay procedure. '!he flux charges were as foll-

ows. 

(1) 

(2) 

(3) 

For 1/2 Assay Ton of Ca1c ine. 

1/2 Assay 
2! .. 

2 

1/2 " 
10 Grans 
2~ •• 

Ton Scilica 
" Litharge 
.. Soda 

Borax 
Flour 

For 1/2 Assay T9n of Concentrate. 

l/2 Assay 
2].,_ tt 

1i2 tt 

10 Grems 
4 " 

Ton Sci1ica 
" Litharge 
" Soda 

Borax 
Nitre 

For one Assay Ton of Concentrate. 

1 Assay Ton Scilica 
3 M " Litharge 
l tt " Soda 
20 Grams :Borax 
14 " Nitre 
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Fig. 2 

Ball Mill 
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Fig. 1 

Porcelain Pebble Mill. 
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Fig. 3 

Gas Fired MUffle Furnaoe. 

Fig. 4 

Single Hearth Roaster 
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Fig. 5 

Pressure Agitation Apparatus 

Fig. 6 

Bell Screening Machine 
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