KA

7

/R, Co,

Aa‘ow, ey

4654

AN INVISTIGATION OF THE

CYANIDATION OF A GOLD ORE

by John . Roeschlaub

e
g,
po
Y
e
o



ProQuest Number: 10781368

All rights reserved

INFORMATION TO ALL USERS
The quality of this reproduction isdependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.

uest

ProQuest 10781368

Published by ProQuest LLC(2018). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States Code
Microform Edition © ProQuest LLC.

ProQuest LLC.

789 East Eisenhower Parkway
P.O. Box 1346

Ann Arbor, M 48106- 1346



& THESIS
SUBMITTED TO
THE BOARD OF TRUSTEES, PRESIDENT,
AND FACULTY
OF
THE COLORADO SCHOOL OF MINES
IN PARTIAL FULFILLMENT OF THE REQUIREMENTS
FOR |
THE DEGREF OF
MASTER, FNGINFER OF METALLURGY

By ?"Z"‘ lg %MJMZ

C/John G. Roeschlaub

GOLDEN, COLORADO
MAY 5, 1948

T LIBRARY
BOLORADO SCHONL OF MINES
GO VR COLOR 2D



Introduction ........ocieeeiinsnnnoncnnnsan frssrsciareresrennna
The Cyanide ProCesB .......ccicicvrsatssrcsssssencsssansnsnane
Chemistry of Cyanidation ..........ceeeeeesaenseseescnncensnns
B BT Yy KSR L L
Flectro-chemical Changes ...........cc0cniunnn
Fectors That Influence Solubllity of Gold ....... ... cuue
Methods of Treatment of Similar OTes ....coov.vvnvcnennanicanns
Preliminary Treatment ... vrivrsanncsrronasrrarosnssssns
Aeid Treatment ...ioeireiieecsinnrtectaansrsansananns

Lime Treatment ....cccicnrivinscnsnsncrsscnancssnnas
Treatment of Arsenicel Gold Qres .......ccevvevveccvianes
Laboratory TeBLB ....viiitiitnancasnusssscascrsannnssnnnnansns
Chemical Determinations .......cccevieercinnernvennncane
Oxygen Digsolved In Solution ........ .o iineannnns

Free Cyanlde .......ccuuinvrneenrnnnecnnseconcnanans
Akalinity in Solution .....civiiiteiennnncranocnnas

Totel Cyenide .........ivciviennvinnnann

Agitetor Used for Test Work ...... ...t iiiiiinnnnvannnnns
Anglysis and Exemination of the Ore ........ccvvvicencnnn

)
\O\O*O\OQG‘\R\&NHE

K &

E K

18
is8
19



CONTENTS

Laboratory Tests--Continued.
Lime Conaumpltion .....iveeeeecececiennassansnocssassusssnns
Preliminary Bashes ..........c.cccnvieeienncnsssnerscconnrsase
Bodium Hydroxide Ramh ........ccoveivecrcvnnnnanernans
Sulfuric Acid FRBh .......covirrrnnresconnvscnascnancs
Cyanidetlon TeBLB8 ...c.vccieeinrnrciisncnannsencansonnnanss
Genera) ProceduI .......vecvesvavavaasrosssesssonsvnna
Teats 1 through 15 ...iiieiriirirenniionnssovescannnas
Oxygen Consumptlon .....cveiviinvivesassorssanssnentonnscne
TOOES 1 LRIOUBE 5 «nnmneeeeonnseeenneeseneanneeeannns
ConElUBAON vicvennntoeciotonsescnossocanesenasnsssnsossancassses

Bibncgr&m D R I R I N A T I R A N A L IS N A R B N R A R A RN

21
21
21
21
2
R2
22
2342
43
4b~4B
49
53



IHTRODUCTION

¥hile assisting in the instruction of a class in hydrometallurgy
given by the Department of Hetallurgy at the Experimentsl Plant of the
Coloredo School of Mines, I observed s very interesting but complex gold
ore. A subsequent course in edvanced hydrometsllurgy provided the in-
centive to atudy this ore nmore thoroughly and eventually led to the in-
vestigetion of this problen,

The ore comes from a mine at La Puas, Mexico, in the lower peninsu-
la of Californis. It is a representsntive sample of hundreds of tons of
ore from the sulfide zone of the mine that have been broken and left
standing in the stopes for numerous yesrs. The ore is & very heavy
sulfide, snd necessarily has been somewhat oxidiszed becsuse of the long
period during which it has lain in the stopes since being broken.

Anelysis of the ore shows it to contain considerzble amounts of ar-
senic as arsenopyrite, lead es galena, and iron es pyrite, as well &s
amounts of sinc, antimony, and copper. It contains from three to. four
ounces of gold per ton and approximstely twelve cunces of silver per

ton.



The company operating the mine has not attempted treatment of thie
gulfide ore. Although it is vpresently treating ore from the oxidized
zone of the mine, the extraction of gold from the ore in the oxidized
zone 1s not aatisfactcry. The company reslizes the difficulties to be
encountered in tresting this type of ore. It conteins arsenic, which
is knowmn to be refractory to direct cyanidation. Cysnidation of gold
ores containing srsenic is & sublect concerning wshich little 1s known
and about which little information 1s avasilable.

This thesis is the record of an investlgstion undertsken in an ef-
fort to determine a commercial method of extracting the gold from this
ore. Beecsuse roasting ia prohibitively expensive for such a comnany,
this investigztion has dealt only with cyenlding the ore directly. The
purpose hus been to determine methods of improving the extraction of

gold from this ore and ressons why this type of ore is refrzectory to

cyanidation. The suthor feels thet oxygzen, or perhaps the lack of oxy-~

gen, ig importeznt in the cyaniding of this ore; therefore the role of
oxysren hee been investigated extensively. Others have sald that arsen-
ic precludes the re-use of barren solutions; this too has been investi-

gated. If re-use were lmpossible, the arsenic would necessarily form

4

" gome foulny compound, sbout which, to dete, no conclusions have been

e

made. A satisfactory method for the extraction of gold from this ore
may conceivably ald. in the extrection of gold from other similar ores.
Acknowledgement is due to Professor Clark B, Carpenter of the De-
partment of Metallurgy for general ald and guidance throughout this
work, end to A. L. Plerce, Chemist for the Department of Metsllurgy,

for gemerel &id and sassistence in the chemical aaspects of this problem.

28]



THE CIANIDE PROCESS

The Cyanide Process has for its object the commereially profitsble
recovery of gold and silver from their ores, which is sccomplished by
the solvent actlion of an slkeline cyanide solution on the precious
metals.

This process owes its origin to three ment J. 3. Hachribur, @
metallurgicsel chemiet, and R. ®. Forrezt and ®. Forresti, doctors of
medicine, &ll of (lasgow, Scotland. 1In Fngland on QOctober 19, 1887,
they registered thelr first patent, covering the use of potasgium cy-
anide a8 & solvent in weak solutlons. The following year they regise~
tered patents on the use of alkalies, on methods of applying cyanide,
and on the use of zine for precipitstion. The original claime of these
men are remarksble in that very liittle of their originsl work has been
disproved in present-dsy practice. Although these men are glven much
of the eredit for the origin of the Cyanide Process, a German chemisti,
L. Flsner, published findings of his experiments in 1846, which includ-
ed the baasic iden of cyaniding. Yet, as do many others, he failed to

reslize the practical agpects of his investigstions and nothing was



done with his findings until MscArthur and the Forreste obtained their

patents 1/.

1/ Dorr, John V. M., Cyanidation and Concentration of Gold and Silver
Ores, McGraw-Hill Book Company, first edition, 1936, pp. 1-2.

The solvent, in addition to containing cyanide, should contain free
alkall, to provide protective alkalinity that prevents the formation of
hydrocyanioc scid, the formastion of which both is hazsrdoug and presents
& problem in its loas of svallable cyanide or cyanlde which dissolves
gold. ldime ig used nearly elways to provide this protective alkalinity,
and it also is of considerable ald in the clarificaztion of solutions in
thickening.

The final step in the Cyanide Process ig the metal recovery. The
final »roduct obtained here determines whether or not the operation is
to be profitable. Metal recovery is accomplished mostly by preciplita-
tion of the pregﬁant solutions with zine dust or chavings. The precip-

tate 18 welted down with the proper fluxes and cast in bullion for

sale to the mint.



CHEMISTRY OF CYANIDATION

Dissolution
The usual reaction for the dissolution of gold in alkaline cyanide
solution, commonly referred to as "Flaner'ls Fguation," 1s as followst
2 A + 4 RaCR + % O, + Hp0 = 2 Naau(CN), + 2 NeOH

Clennell 2/ etetes that Bodlander velieves that there may be inter-

Clennell, J. F., The Cyanide Handbook, YcGraw-Hill Book Company,
1910, p. 102.

mediate products of resction in this equaetion, which would make the re-
action sbove not so simple ms it appeers. He maintsina thet hydrogen
reroxide is first produced, for it or some other substsnce having sim-
ilar reaction csn be detected in the solution.

2 fu + 4 NaCN + 2 H0 + Og = 2 Nehu(CN)p + HpOn 4+ 2 NaOR
Then, when this is further deéompased, &n additionsl amount of gold is
dissolved.

2 Au + 4 NaCH + HpOs = 2 Nesu(CN)p + 2 NaOH

Clennell further states that Bettel believes that the intermediste

product is sodium auricyanide.



(8) 2 Au + 6 NaCN + 2 Hp0 + Oy = Nasu(CN); + 4 NaCH + Nasu(CN);
(b) 2 Au + 2 NaCN + Nasu(CN); = 3 Naau(CN);

Dissolution requires the presence of a less basic or less electro-
positive substence than the gold. This is slways taken care of by the
occurrence of minersls such s&s pyrite, in the zold ores. This fact may
‘be vroved by suspending gold metal foll of the highest purity in & solu-
tion of chemicslly pure cyanide. Here, no appreclable ection tskes place.
But if & less baslic minersl is added and attached to the gold foll, e
rapid initial reaction tazkes place, with hydrogen being ziven off &t the

surface of the less besic mineral 3/.

3/ Julisn, H. F., and Smart, Fdger, Creniding Gold and Silver Ores,
Charles Criffen and Cowpany Ltd., second edition, 1913, p. 70.

From this it is seen that oxygen 18 necessary in the dissolution of
gold, either as a depolerizing agent to remove the hydrogen from the
surfzce of the less busic substsznce, or &3 a direct sgent, ss shown in

Flener's eguation,

Flectro-chemicel Changes
Alkalire cysnide will ionize in solution send form undissocisted

ions of Na*, and (CH) , either in pert or in whole according to its dis-

soclation conatant.

(Ne ™ ) ( (e)7)
NaCN

The anions, (CN) , migrete to the snode or the gold end form gold cyanide,

K=

(AuCN), which is in turn dissolved by an excess of sodiun cyanide to
form sodium aurocyanide, NaAu(CN)},. The cations, Ne', mizrate to the
cathode, or the less basic substunce, and give up their positive charge.

The Na stom cannot remsin in a free state in the solution, but instantly



attacks the water snd liberstes hydrogen ions, H*, and formz potassium

hydroxide 4/.

4/ TIdem.

Factors That Influence Solubllity of Gold

There are many fasctors influeneing the solubility of geld in slka~
line cysnlide solutionas

1. Degree of concentretion of the solution: The rsduced effi-~
ciency of strong solutions has been ascribed to the diminished solubil-

ity of oxygen in strong alkaline cysnide 5/. Avallable cysnide is es—

5/ Clemnell, op. cit,, p. 105.

sential for the dissolution of gold and is obtuined by the dissociation
of eyanide into its ions, Na¥ and (CN) . The more dilute the solution,
the greater is the dissociation end more (CN)™ aveilsble to dissolve
the precious metels.

2. Temperature: The rate of dissclution of gold in cyanide solu-~

tion incresses with the rise in tempersture. Julian and Smart 6/ found

6/ Op. eit., p. 9.

that the rate of dissolution increased to a maximum at 85 C and then
slightly decressed to the bolling point.

3. Presence or absence of cyanicides: Cyanicides mre base metals
that resct with the cyanide to form insoluble compounds and thus cause
losses of eyanide.

4. Amount of avellsble oxygen: This will be discussed further in

the paper.



5. Physical condition of the surfaces of metzllic gold in contact
with the solution: Fhen the surface is tarnished, the solubility of the
gold is decreased.

6. Ares of metsl exposed in proportion %o weight: The greeter the
ares exposed, the greater the weight of gold dissolved.

7. Presenee or sbsence of reducing sgents: These are substances
which have the property of denuding the solution of its dissolved oxygen.

They may retard or completely stop the action of cyanide.



UETHODS OF TREATMENT OF SIMILAR ORFS

Preliminary Treatmen

Acid Treatment: By tresting some ores that have been partly
oxidized with & dilute solution of sulfuriec scid and then by washing
this acid from the ore thoroughly, cyanicldes may be removed. Thie
method was used at one time at the Putters Plant, Virginie City, on

gold ore containing copper carbonate 7/. In here the ore was washed

7/ Clennell, op. cit., p. 310.

with water having sufficlent quentity of lime to neutrslize eny remain-
ing mcidity.

The difficulty to be encountered in this type of treatment is thot
the scid may not be completely removed and may cause an excesslve cye—~
nide loss.

Lime Treatment: Gold ore 18 sometimes milled in lime, especially

when amalgemation is to be used. The lime will neutrsgllze any acld sub-
stences or scluble salts of iron that may tend to ternish the amalgam

plates. It will mlso disgsolve eny gresse that may get into the ore from



the crusghing snd zrinding machinery. It aids in settling finely sus-
pended ore particles by csusing them to come in contset with the

plates 8/.

_BJ/ Iéﬂmo, P 183.

At the Spring Hill mine in Montune, the gold ore contuing consider-
able amounte of pyrrhotite. A consuliing engineer, A. L. Norton, at-
tempted to glve the ore a sodium hydroxide wash to dissolve the trouble-
some compound. This treatment failed é&eausﬁ the tremendous hest gen-
erated in the agitstors decomposed the pyrrhotite and formed eyanicides
that consumed more than 80 pounds of cyanide per ton of ore. Testa
were made on the re-use of bsrren solution. By using & fresh solution
in each leesching cycle an extraction of 95 to 97 per cent was obtsined
and only 9 pounds of cyanide per ton of ore consumed, whereas, by using
the bearren solutioneg over again in each lesching cycle, the extrection

weg only 50 ner cent.

Treatment of Arsenicel Gold Qres
E. . Hamilton 9/ in his book quotes the opinion of W. B. Blyth,

9/ Hasmilton, F. M., Msnual of Cysnidation, McGraw-Hill Book Compsny,
firast edition, 1920, pp. 162-163.

vho meinteing that arsenic in gold ore does not necessarily csuse the
ore to be refractory to cvanidation. Blyth thinks that when arsenic is
present in a gold ore it 1s nesrly alweys assoclated with sntimony and
pyrrhotite. These, if in sufficlent quuntity; will csuse premmture
precipitation of the gold almosat as fast es it goes inte solution.
Blyth illustrated the fect that by milling an antimonial gold ore

in water end rumning the pulp into & :“A‘az:‘xl3 where it was settled, dried,

10



and allowed to oxidize with an occasional cultivstion, the extraction
of gold from thia ore was improved from 50 to 93 per cent. 4 similar
repult was mccomplished with the pands by milling the pulp without line.
- He claims that because of the asolubility of antimony in alkaline cyvanide
it ia not p=saible to sdd lime to the mills and schieve zood resultis.
Conseguently the abraded iron which mainly goss with the slime is re-
duced to the ferrous state and, independently of the antimony, effec-
tuelly upsets the extrection from this product when treated directly
without lime. In lesching ssnds, however, it is found that the residue
rises proportionately to the lime used, and that the best resultis sare
obtained when no lime ut all ia used. About 1/2 pound of lead nitrste
is used per ton of ore and the sand is glimed in an scid solution.

The consumption of cyanide 18 naturally hesvy, but the good extraction
counterbalances losses in this dilrection.

Hemilton cites the examrle of a Mexlesn srsenical gold core that
was milled in & solution showing no protective alkali, The extraction
of gold from the ore was raised to 88 per cent from 68 per cent when
milled with protective eslkelinity.

¥hen meking tests on the cyaniding of Nipissing ore 10/, it was

10/ Hamilton, op. cit., p. 190.

found that arsenlc and antimony dissolved out of the ore by the cyanide
formed e harmful combination with the zinc derived from zinc precipita-
tion and so csused & serioue loss of dissolving powsr in the stock solu-
tions. It is cleimed that sinc in the presence of arsenlc sand antimony
Jowers the extraction of silver as much as 10 per cent snd the extrac-

tion of gold to a lesser degree 11/. Though sine has this effect, lead

11/ Tdem., p. 8.

1l



in solution will often act similarly, and the addition of lead selts nay
have to be avolded.

The Montsna Mines Corporation near Helenes, Hontane 12/, mines an

12/ Dorr, op. cit., pp. 325-326.

ore in which the geld is sssoclated with pyrite, arsenopyrite, and bis-
muth. Cyanidation was not a success; however, the imnovztion of f{lota-
tion in the mill proved successful.

The Piloneer Mill in the Lillooet disiriet of British Columbla is
tresting 8 gold ore cerrying small amounts of pyrite, arsenopyrits, and
pyrrhotite. The pregnant solution is kept sbove 60 F during preecipite~
tion; other than this, the method of cvanidstion is conventionsl. 1In
1936 the mill reached a recovery of 97 per cent 13/.

13/ 1Idem., pp. 321-324.

At the mine of the 3t. John del Hey Hining Company Ltd., st Horro
Velho in Brasil, the minerzls present in crystalline form are pyrite

and arasenopyrite 14/. The gold is associated with the arsenopyrite.

14/ Idem., pp. 365-368.

However, the pyrrhotite thet is present is the met&llﬁrgical difficulty,
Pyrrhotite with the general formula Fep,Ss + 1, hes one sulfur atom held
loosely in chemical composition. It i esslly capable of forming addi-
tive conmpounds, such as sodium thiocyanate, NaCNS, from cyanide. By
oxidizing, pyrrhotite yieldsz elemental sulfur and ferrous sulfide, FeS.
The fexrous sulfide forms ferrous and ferric sulfete, which sre cyani-
cides. These reanctions indicate not only thst pyrrhotite is a cyanicide,
but that it robs the cyanide solution of wmuch of its oxygen which is

necessary for gold dissolution.

12



The trestment of this ore is complicated. in elaboraste syatem of
concentration is employed to recover the maximum amount of gold before
cyanidation. PFifty-eight per cent of the gold is recovered by concen~
tration methods, and 32 per cent of the gold by cyanidation.

An guxilisry agent for aiding in the dissolution of gold in mis-
pickel ores is bromide of cyanogen, BrCN; this has been used with =
certain amount of guccess. The chiefl centers in which this has been
epplied are at the Deloro HMine, Ontario, Canada, and in the Kalpgurli

district of Western Australia 15/.

15/ Clennell, op. cit., p. 295.

13



LABORATORY TESTS

Chemical Determinations

Oxygen Dissolved in Solution: The method used for the determina-
tion of dissolved oxygen in cyanide solution is the Weinig-Bowen meth~

od 16/. The apparatus required for this test ere: Two 2 1/2-liter

;g/ Weinig, A. J., and Carpenter, C. B., The Trend of Flotation:
Colorado School of Hines Quert., vol. 32, no. 4, Oct. 1937, pp. 144~
150.

Winchester scid botﬁles; one 250-cc flask, one 50-cce burette with side
connection; one common, 50-ce burette; one clamp stand to hold burettes
in position; one 400-ce besker with the 250-cc point marked on it; one
special glass stirring rod; glase tubing (3/16-inch) for connections;
rubber tubing for connections; one pinchcock for bottom of the burette
that contaeing stendard hydrosulfite solution; one container for kerosene
to be uged in the procedure.

¥hen the apperatus is set up the relative position of the differ-
ent parts shown in Plate 1 must be closely followed. As there is a ai-~
phoning sction from bottle a to bottle b and from bottle P to the bu-

ratte d, the bottom of bottle a must be above the top of boitle b and

14
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also above the top of the burette d; also the bottom of the flesk ¢
should be above the top of the burette d, for convenience. Bottle b
contains the standard solution; because this standard deteriorates very
rapidly, if exposed to the sir, the bottle must be serled sir tight.
The bottles are filled in the following manners Remove the con-
nection x and place & cork in the top of the burette d so that no selu-
tion can overflow. Place a bottle containing 2 1/2 liters of kerosene
go that its bottom is above ithe top of bottle 2 and connect this bottle
to the bottom of the burette d with & siphon. Open the pinchecock g and
the stopcock j end allow kerosene to siphon into bottle b until it is
filled. Replesce the bottle which contained kerosene by a bottle contain-
ing the standard solution of hydrosulfite. This solution should always
be covered with a layer of kerosene; siphon the standard solution into
bottle b, the kercsene being forced from hottle b over into bottle &
sutomatically. As scon ax the stenderd hydroaulfite solution has
reached to within 1 or 2 inches of the top of bottle b, close both the
pincheock g and the stopeock J.  After the flask ¢ has been nearly
filled with kerosene, place the connsction x in the top of the buretie d
and seal. Open the stopcock J, the pinchcack g being kept closed, snd
allow the standard solutlion %0 pass into the burette d until it just
enters the flask ¢; then close the stopcock §, open the pinchcock g,
end allow the standard solution to drain out completely; its action as
e siphon will draw the kerosene over into the burette d. The standard
solution 18 now dreained off 8o as to ellminate sny possibllity of its
being exposed to air end to give It & cover of kercosene in the burette
8. Cloge the pinchecock g, open the stopcock J, and sllow the burette d
to fill 4o the zero mark. The layer of kerosene provents the admiasion

of air during this procedure. Then the spparetus is ready for use.
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The standard solution is made up by dissolving 5 grems of sodium
hydroxide in a 2 1/2-liter Winchester acid bottle filled with freshly
distilled water. When this has been completely dissolved, add 5 grans
of sodiun hydrosulfite to the solution end immediately place a layer of
kerosene over the solution. The caustic soda preserves the hydrosulfite
snd enters into the resction during titration.

The indicator, indigotin disulfonate, is made up as follows: Place
in & cussercle 7 grams of indigotin (indigo blue) and add 30 ce of con-
centrated sulfuric acid. Place over s water bath and heat to 90 € for
1 1/2 hours, or until all lumps disappear. Then dilute to two liters
with distilled water. Heutralize the reidity by sdding powdered limee
stone, small portions at & time. Filter without washing and plece in a
corked bottle.

The solutions are standardized as follows: Into the clean 400-ce
beaker place one drop of phenolphthaleln indlestor and cover with a 3/4-
inch layer of kercosene, Oxygen-satursted weter is now siphoned into the
heaker below the kerosene. VWhen 250-ce of wmater have been measured out
beneath the kerosene, the slkelinity is neutralized with dilute sulfuric
acid from a burette, the tip of which extends below the surfrce of the
solution; 1 cc of the indigotin disulfonete solution is then run in be-
nesth the kerosene. The solution is now titrated with the hydrosulfite
golution. The tip of the burette must dip beneath the kerosene so that,
by constant stirring with the speelsl stirring rod, any entry of sir is
avoided., fThe titration with hydrosulfite first reacts with the dla-
solved oxygen; & the end point ieg reached, the hydrosulfite decolorizes
the indigo disulfonate, and the end point is yellow or rellowish white.
Then this point is resched, the burette is read and noted, and 5 ce of

indigo digulfonate solution is run in; this ies agsin followed by titrs-
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tion with the hydrosulfite, This operastion gives the required reletion-
ships between the various solutions.

A sample calculation for standardization of solutions is shown as
follows: Assume thst the water showed & ssturation of 8 mg. per liter,
and that the titration gave 9 ce hydrosulfite standard followed by 5.5
ce more, after 5 cc of the indigotin disulfonate standard was added.
Then 5 ce¢ indigotin equaels 5.5 cc of hydrosulfite; and 1 co indigotin
equals 1.1 cc hydrosulfite. Also, as 1 e¢c of the indigotin was used at
the start, we must correct the first hydrosulfite titration for the 1 co
indigotin used. Thisz correction iz 1.1 c¢. The amount of hydrosulfite
congumed on the dissolved oxygen is 9.0 ecc minus 1.1 ce, which is equal
to 7.9 ce. Now, 7.9 ae hydrosulfite equals & mg. oxygen ver liter, or
1 cc hydrosulfite equals 8.0 divided by 7.9 which equals 1.01 mg. oxygen
per liter, when 250 cc of the saturated water is titrated. Also, 1 ec
indigotin disulfonate standard is eguivalent to 1,1 times 1,01, divided
by 4 equals 0.28 ng. oxygen.

¥hen the solutions sre standardized, the procedure with routine
golution titrations is simple. Here, 250 cc of solution is siphoned
out beneath a layer of kerosene, and the alkelinlty is neutralised with
dilute sulfurie acid, 1 ce or less of indigotin disulfonate is added es
an indicetor, and titration is completed with the hydrosulfite, Fol-~
lowing this, the necesssry correction is made for the indicator, and the

regult is converted to milligrams of oxygen per liter of solution.



Free Cysnide: Free cysnide in the solution iz found volumetrically,
by slowly running silver nitrate solutlon of s ¥nown strength from a bu-
rette into & known quentity of the cyanide solution, without using an
incicator to determine the end point.

The sllver nitrate solution ie mede up so thet 5 co is egusl to 1
round of free cyanide per ton of solution then using s 10-cc sample of
cyanide solution. This iz done by dissclving 8.66 grems of ailver ni-
trete (AghO3) in & liter of distilled water. The end point of the titra-
tion is obtained when s distinet blue opslescent cloud persists in the
solution. The equation for this recction 1s:

AgRO3 + 2 NaCN = sgNa(CN), + NaBOy 17/

17/ Dorr, op. eit., p. 33.

Alkelinity in Solution: Proteetive alkallnity of the solution is
also determined volumetrically. After the free cysnlde has been deter-
mined, & drop or two of phenclphthalein indicator ia added, which in the
presence of slkeline hydrates csuses the solution to turn pink. Then
oxalie scid of known strength is slowly run into the solution from s
burette until the pink color disappesrs, the end point of the titrztion,
The equation for this resction is:

Ca0 + HyCp0, «ZHZ0 = é&ﬁgﬂé + 3 H0 18/

18/ Dorr, op. cit., p. 3.

The oxalie aclid ig made up so that 5 ce is egual to 1 pownd of al-
kall per ton of solution. This ie done by dissolving 2.25 prems of ox-
alic scid in & liter of distilled water and then stendardising this
agsinst a standerd alkall.

Total Cyenide: The determinstion of the totsl cyvenlde in solution

18



is obtained by s distilletion process followed by titration 19/. (Plate 2)

19/ Gisler, H. J., Deco Trefoil, wvol. 1%, no. 12, Jen.-Feb. 1948, p. 4.

Ten ce of solution {8 put into a Clsissen distillation flask connescted
to two 500-cc Frlenueyer flasgks in series. The flasks are placed in a
cooling bath; each flask contains 150 ce of & 2 per cent sodium hydrox-
ide solution. Fifty cc of hydrochloric acid, diluted 1 to 4 parte dis-
tilled water, is added through a separuting funnel to the Claissen flask.
The contents of the flask is boiled vigorously for at least 6 minutes by
placing & Bunsen burner under the Claissen flask. ‘Then the contents of
the Frlenmeyer flssks zre combined and aglitated vigorously with sbout 1
gram of litharge to remove any soluble sulfides. This solution is fil-
tered, and the filtrete is titreted for cyanide as in the free cyanides
determination. The cyenide so determined represents the toizal cyanide

in the original solution.

Agitator Used For Test ¥Hork

The agitator (Plste 3) consists of three solld cylindriesl wooden
rollers, 3 inches in dlameter snd Z4 inches long, fixed parsllel in a
rectangular box. The first roller has 2 shaft extonding through the
box on which a 10-inch wooden pulley is atteched. The first and third
rollers are connacted by belting, the second or céntar reller turning
free. A 1/3-horsepower, 1l0-volt, constsnt-speed electrie motor con-
nacted by & V-belt to & speed reducer in turn connected by belting to
the 10-inch mulley provides adegquate power to turn the rollers. Pulp
is placed in 2 1/2-1liter acid bottles, and these are laid longitudinsl-
ly on the rollers. The bottles rotate at 36 revolutions ver ninute.

The capacity of the agltator is four bottles or tesis simulteneounsly.
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in order to detoermine the minerals present in this ore, speciuens
were mounted in bskellle molds and by the use of a polarizing microscope,
a mineralographiec study was made (Plate 4).

Hinerals found weres

Pyrite (PeS8s) Sphalerite (ZnS)
Arsenopyrite (FeisSy) Covellite (Cus)
Gelens (Pb3) Biliea (810,)

As no gold was observed in any of the studies, 1t may be assumed
that it is present sub-microscopically.

A ezmple of the ground ore was screened through a series of Tyler
standard screens to determine the mesh grind for substantial liberstion
of the minerszls. Ssmrles of each oroduct were mounted in bakelite molds
and micro-~photographed (Plate 5). The mesh grind for liberation of min-
ersls other than gold and silver is minus 49 mesh and plus 65 mesh.

In order to determine the zssociation of gold in the ore, & quali-~
tative spectrographic analysis was performed. This was sccomplished by
separating minersl greins of galena, pyrite, and arsenopyrite by use of
& microscope and exciting u sample of each in the sgpectrogreph. It was
found that the gold occurs in both the pyrite aznd in the arsenopyrite,
snd thet the gelens contains no gold tut does eontain silver,

4 complete chemical anulysis of the head ssmple gave the following

results:
Lead 9.51 % Arsenic 8.80 %
Iron 3,.32 4 Antimony 2.7 %
Copper 0.31 % Gold 3.41 oz/ton

Zine 2.25 ¢ Silver 11.58 oz/ton



Fig. Ho. Is 50x Fig. Ho. 2t 50x

Ar@©Cnopyrite Araenopyrite
Sphalerite Sphalerite
Pyrite Pyrite

Galena

Plate Ho. 4s Or© Specimena Mounted in Bé&kellte Molds and Polished.



Fig* Ho. It 1U a»ah, 1O0x Fig. No. 2t 23 mesh, 100x

Arsenopyrit® Araenopyrlte
Sphalerite Pyrite
Pyrit®© Silica
Fig. Ho. 3t 35 mesh, IQOx Fig. No. At 65 meahlOOx
Arsenopyrlte Araenopyrite
Sphalerite Sphalerite
Pyrite Pyrite
Silica Silica

Plat© Ho. 5t Samples of Screen Analysis Mounted in Bakelite Molds.



Fig. Ho. 5s 100 mesh, 100x Fig. Ho. 6: 150 mesh, 1OOx

Arsenopyrite Sphalerite
Sphalerite Galena
Pyrit® Pyrite
Silica

* No. 7s Plus 200 mesh, 100x Fig. Ho* 8s Minus 200 mesh, 100x

Arsenopyrite Aré&enopyrite
Sphalerite Sphalerite
Galena Pyrite
Pyrite Galena

Silica

Plate Ho. 55 Samples of Screen Analysis Mounted in Bakelite Molds.
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Lime Consumption
In order to determine the amount of lime consumed per ton of ore,

200 grams of ore was mgitated with a liter of distilled water for 1 1/2
hours. This was then decanted through a filter and 945 ce of clesr
solution was recovered. The ore was made up to 1 liter of sclution by
adding distillsed water snd & few drops of phenolphthalein. One-half
gram of lime was sdded end the solution sgain sgitated. ¥hen observa-
tion of the solution showed that the pink color had disspreared (this
color is smeen when the pulp contains alkelinity), additional amounts
of lime were added and in turm observed periodicelly. At the end of
24 hours, a total of 3.5 grems of lime had been sdded and the solution
reneined s pink color. A sample was fcken and titrated for protective
alkalinity. The result cf the titration indicated 0.01 pound of lime
per ton of gsolution.

From this it i3 evident that the lime consumption is rather highj;

the consumption is slightly less than 70 pounds of lime per ton of ore.

Preliminary ¥ashesg

¥Water ¥Wagh: Two hundred grams of ore and & liter of water were agi-
tated for 1 1/2 hours end then filtered. This wash solution was tested
for the presence of iron by adding amwonium hydroxide. This test showed
considereble ferrous iron to be present as & dark green precipitate.
The pH of the wash aclution was 5.1.

Sodium Hydroxide Wash: Two hundred graus of ore and & liter of a

5 per cent godium hydroxide solution were sgitsted for 24 hours. The
rulp was filtered through & Buchner filter. The filtrste contained 33
grans of sodium hydroxide per liter, thus indicating that 15 erams per

liter was used up in dissolving constituente in the ore. Further inves~



tigation showed that the solution contained 4.45 grums of lead per liter
and 4.89 grems of arsenic per liter. This means thut 44.5 pounda of lead
and 48.9 pounde of srsenic per ton of ore were dissolved, or that 24.7
per cent of the lesd and 27.8 per cent of the arsenic present were dis-
solved from the ore by this wash.

Sulfuric Aclid ¥Wesh: Two hundred grams of ore and a liter of a 1

per cent sulfurice acid solution were agitsted for 18 hours. The pulp
wag {iltered through & Buchner filter. The filtrote was found to con-
tain 4.21 grems of arsenic per liter of solution. is neans that 42.1
pounds of arsenic per ton of ore, or 23.9 per cent of the arsenic, was

dissolved by this =cid wash.

Cyanidetion Tesats
General Procedure: Cyanidstion tests were performed by taking 200~

gram samples of the ore, which had been crughed and ground to minus 65
mesh, without introducing water. The ore was placed in Winchester scid
bottles and 600 ce of cyenide solution sdded. Sufficient lime to pro-
vide protective alkalinity was combined and mixed with the dry ore used
in the test. The period of time for leaching was generally <4 hours.
Samples were taken during the tests to determine vwhether free cyanide
and protective alkelinity were sufficiently high. A& stock solution of
cyanide conteining 3 pounds of sodium cyanide and 2 poﬁnda of lime per
ton of solution was prepared to feollitzte the tests.

The procedure snd results for each test are detailed individually

in the peages that follow.
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Test No. 1: The ore used in this test was the product from the so-
dium hydroxide wesh. After the sodium hydroxide was thoroughly washed
out, the ore contained approximately 30 cc of water. Then, 550 ec of
distilled water, 20 ce¢ of 5-per-cent sodium cysnide solution, and 1 gram
of lime were added.

Aﬁ,the end of 1 hour the solution was tested and found to contain
2.05 1b of free cyenide and 1.0 1b of alkeli per ton of solution. in
addlitionel 5 ce of S5-per-cent sodium cyanide was added st this point.

At the anﬁ‘ef 24 houre the test was stopped and the solution agein
tested; it was found to contain 1.50 1b of free cyanide snd 2.96 1b of
alkall per ton of solution.

~ Resgent Consumption

Pounda per ton of solution Pounds per ton of ore
Cyanide Line Cyanide Lime
Added 4.18 3.34 12.50 10.00
Renaining 1.50 0.96 4.45 2.88
Consumed 2.68 2.38 8.05 7.12
gold Extraction

Head A888Y........3.41 0z per ton
Tails Assay.......1.88 oz per ton

Extreetion = (3.41 - 2.56) x 100 . 45.0 ¢
3.41



Test No. 2: The ore used in this test was the product from the
sulfuric scid wash. After the acld was thoroughly washed out with we-
ter, the ore contsined approximetely 30 co of water. Then, 550 ce¢ of
distilled wster was added, and the solution was neutralized by adding
line in small amounts until a total of 2 grams wes added. At this tine
1l sdditional gram of lime was added to provide protective slkalinity.
Finally, 20 c¢e of 5-per-cent sodium cymnide wolution was added.

At the end of 1 hour the solution was tested and found to contain
2.40 1b of free cysnide per ton of solution and no alkali. An addition-
&l 5 ce of S5-per-cent sodiunm cvanide solution and 1 gram of lime were
sdded.

The solution was tested again at the end of 2 hours and found to
contain 3.00 1b of free cysnide end 0.20 1b of alkali per ton of solu-
tion; it weo tested again st the end of 3 1/2 hours and found to con-
tain 2.30 1b of free cyanide and 0.50 1b of alkeli per ton of solution.
No cyanide wes sdded at the end of 2 hourg, but 1 gram of lime wus add-
ed. At the end of 3 1/2 hours, 5 cc of 5-per-cent sodium cyanide solu-~
tion, end another gram of lime were added, Also, 30 cc of distilled wa-
ter was added to nmake 600 ce of solution.

&t the end of 24 hours the test was stopped and the solution test-
ed sgein; it was found to contain 1.20 1b of free cyenide and 2.60 1b

of alkali per ton of solution.

Resgent Congumption

Pounds per ton of solution Pounds per ton of ore
Cyanide Lime Cyanide Lime
Added 5.00 20.00 15.00 60.00
Remaining 1.20 0.60 3.60 1.80

Congumed 3.80 19.40 11.40 58.20



Gold FExtrection

Head ABBEY.«~.sev.s.3.40 0o por ton

Tallis ASBEY........d.34 o8 per ton

Extraction = (3.41 - 2.34) % 100 o 31.4 %
3.4l




Test No. 3: The ore used in this test was the product from the wa-
ter wash. After this wash was thoroughly removed the ore contsined ap-
proximately 50 ce of water. Then, 530 co of distilled water, 20 cc of
5-per-cent podium cyanide solution, snd l'gram of lime were added.

At the end of 1 hcour the sclution was tested and found %to contain
2.85 1b of free ocyanide and 0.28 lb of alkall per ton of solution. An
additional 3.8 gram of lime was added at this point.

At the end of 24 hours the test was stopped, &nd again the sclution
was tested; it was found to contein 0.95 1b of free cyenide and 0.10 1b

of alkall per ton of solution.

Reagent Consumption
Pounds per ton of solution Pounda per ton of ore
Cyenide Lime Cyunide Lime
Added 3.3 6.00 10.00 18.00
Remaining 0.95 0.10 2.85 0.30
Consumed 2.39 5.90 7.15 17.70
Gold Extraction

Hﬁ&d &8‘8!}'...».-...3'& 0‘ 991' ton

Tails Assay........2.56 oz per ton

i

Extraction = (3.41 - 2,56} % 10Q - 24.
3.41 9%



Test No. 4t In thias test 200 grams of minus 65 mesh plus 100 mesh
ore was mixed with the stock cvanide solution., After 15 ainutes, an sd-
ditional 5 grems of lime was added.

4%t the end of 1 hour the solution was tested and found to contain
2.35 1b of free cyanide and 2.74 1lb of alkali per ton of solution.

Here, 4 co of 5-per-cent scdium cyanide solution snd 5 grems of lime
were added.

At the end of 18 hours the solution was tested and found to contain
2.04 1b of free cyanide and 2.38 1b of alkali per ton of solution. To
this, &6 ce of 5-per-cent sodium coyanide solution was added.

At the end of 24 hours the test was stopped, and again the solution
waz tested; it was found to contain 2.84 1b of free cyanide and 2.40 1b

of alkali per ton of solution.

Resgent Consumption

Pounds per ton of solution Pounds per ton of ore
Cyanide Lime Cyanide Linme

Added 4.67 35.34 14.00 106.00
Remaining 2.84 2.40 8.52 7.20
Consumed 1.83 32.94 5.48 98.80

Cold Extrsction
Head ABsBY.........3.08 03 per ton
Taile Assay........2.08 oz per ton

Fxtraction = (3.08 ~ 2.08) x 100 - 32.5 ¢
3.08




Teat No. 5: In this test 200 grams of minus 100 mesh plus 200 mesh
ore was mixed with the stoek cysnide solution. After 15 ninutes, sn ad-
ditional 5 grems of lime was added.

At the end of 1 hour the solution was tested and found to contain
0,90 1b of free cyanide and 2.30 1b of alkall per ton of solution.

Here, 14 cc of S5-per-cent sodium cyanide solution and 5 grams of lime
were added.

At the end of 18 hours the solution was tested and found to contain
2.62 1b of free cyanide and 2.86 1b of alkali per ton of solution. To
this, 3 ce of S-per-cent sodlum cyanide solution waas added.

At the end of 24 hours the test was stopped, and agein the solution
was tested; it was found to contain 3.04 1b of free cyanide and 2.80 1b

of alkali per ton of solution.
Reagent Consumption

Paun&& per ton of solution Pounds nper ton of ore
Cyanide Lime Cyanide Lime
Added 5.84 35.34 17.50 106.00
Femsining 3.04 2.80 9.12 8.40
Congumed 2.80 32.5 §.38 97.60
Gold Extrasction

Head As88Y.........3.80 o3 per ton

Taile Assay........3.40 oz per ton

Fxtraction = (3,80 ~ 3.40) x 100 = 10.
3.80 0.5 %
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Test Mo. 6t In this test 200 grams of minus 200 mesh plus 325 mesh
ore wag mixed with the stock cyanide solution. After 15 minutes, an ad-
ditional 5 grams of lime was added.

At the end of one hour the solution was tested snd found to contein
0.04 1b of free cyanide and 1.04 1b of slkali per ton of solution. Here,
20 ce of 5-per-cent sodlum cysnide molution end 5 grems of lime were add-
ed,

At the end of 18 hours the sclution wss tested and found to contain
2,44 1b of free cyanide and 2.56 1b of alkell per ton of solution. To
this, 4 ec of 5-per-~cent sodium cyanide sclution was added.

At the end of 24 hours the test was stopped, snd sgsin the solution
was tested; it was found to contain 2.96 1b of free cyanide and 2.60 1b

of alkali per ton of solution.

Reazent Consumption
Pounde per ton of solution Pounds per ton of are
Cyanide Lime Cyanide Line
Added 7.00 35.34 21.00 196,00
Remaining 2.96 2.60 8.38 7.80
Congumed 4.04 3R.74 12.12 91 .20

Gold Extraction
Head ABORAY....«.s.44.96 08 per ton

Tails 4ssay.......3.72 os per ton

Fxtraction = {4.56 -~ 355223 x 300 - 18,4 %
b




Test Ho. 7: In this teat 200 grams of minus 325 ore was mixed with
the stook cyanide solution. After 15 minutes, an additional 5 grams of
lime was added.

At the end of 1 hour the solution was tested and found to contain
0.08 1b of free cyanide and 0.06 1b of alkali per ton of solution. Here,
20 ca of S5~per-cent sodium cysnide solution and 5 grams of lime were add-
ed,

At the end of 18 hours the solution was tested and found to contain
1.62 1b of free cyanide and 1.86 1lb of slkall per ton of solution. To
this, 3 ce of 5-per-cent sodium oyanide solution was added.

At the end of 24 hours the test was stopped, and agsain the solution /

wes tested; it wes found to contain Z.74 1b of free cyanide and 3.04 1b

of alkeli per ton of sclution.

Reagent Consumntion

Pounds per ton of solution Pounds per ton of ore
Cyanide Lime Cyanide Line
Added 7.84 35.34 23.52 106.00
Remaining 2.74 3.04 8.22 Q.12
Consumed 5.10 32.30 15.30 96 .88
Gold Extrsction
Head Assay,..... es:3.76 08 per ton

Tails Assay........3.44 03 per ton

mtrﬁction = (3076 oo BOM) X m = 8 5 %
3.76 )
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Test Ho. 8t In this test 200 grams of ore was mixed with 6 grams
of lime and 600 ce of caleium cyenide {Ca(CH)p) sclution, containing 17
1b of free cyanide per ton of solution.

At the end of 24 hours the test was stopped, and the solution wae
teated; it was found to contain 12.64 1b of free cyanide snd 1.0 1b of
alkali per ton of solution.

Reagent Consumption

Pounds per ton of solution Pounds per ton of ore

Cyanide Line Cyanide Line
Added 17.00 20.00 51.00 60.00
Remaining 12.64 1.00 37.92 3.00
Consumed 4.36 19.00 13.78 57.00

Head A888Y.s.veeq.:4.00 02 per ton
Taile Assey....... .1.44 038 per ton

Fxtrection = (4.00 *_légé) x 100 = 64.0 %
F AN

The Monomolecular Law constant (K) was determined, and from this it
was calculated thet 90 per cent of the gold would be leached from the ore

in 54 hours.
X =.2.3 log a/a-x
t

¥here: 8 is original smount
x is amount removed
t is time (min., hr., days)
The pregnent sclution was tested to determine the amount of oxygen
dimeolved; 1t was found to contain 1.55 ug of oxygen per 1. TFrom this it

was caloulated to be 20.7 per cent saturated.

The vregnant solution was divided, and helf was precipiteted with



zine dust, snd the other half was precipitated with aluminum dust. Fach
solution was tested to determine the amount of oxygen dissolved after
precipitetion, The solution which had been precipiteted with sinc dust
was found to contain 0.60 mg of oxygen per 1. From this 1t was celou~
lated to be 8.0 per cent saturated. The solution which had been precip-
itated with aluminum dust was found to contein 3.01 mg of oxygen per 1.

From this it was cazloulated to be 40.0 per cent saturated.
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Test Ho, 9: In this test 2Q0 grams of ore wes mixed with 7 grams
of lime and 600 cc of calcium oyanide (Ca{CN),) solution, conteining 17
1b of free cyanlde per ton of solution.

it the end of 48 hours the test was stopped, and the solution was
tested; it wes found to contaln 12.14 1b of free cyanide, 13.50 1b of
total eysnide, and 0.96 1b of slkall per ton of solution.

Recgent Consumption

Pounds per ton of soluition Pounds per ton of ore
Cyanide Lime Cyanide Lime
Added 17.00 23.34 51.00 70.00
Remaining 12.14 0.96 36.42 2.98
Consumed 4.86 22.38 14.58 67.12
Head Assay....... «+4.00 0z per ton

Tails Aseay........1.46 0% per ton

Extraction = (4.00 - 1.48) x 100 = ¢3.5 ¢
4.00

Monomolecular Law constant (K) was determined, and from this it
was caloulated that 90 per cent of the gold would be leasched from the
ore in 108 hours.

The pregnant solution wes tested to determine the amount of oxygen
dissolved; it was found to be 0.09 mg of oxygen per 1. Fron this it was
calculated to be 1.12 per cent saturated. Then, the solution was precip~
itated with zinc dust end again tested to determine the amount of oxygen

dissolved; it was found to contain nc oxygen.
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Test No. 10t In this test 200 grams of ore wssz mixed with 5 grams
of lime end 600 cec of godium cysnide solution containing 3 1b of free
cvanide and 0.68 1b of lime per ton of solution.

At the end of 1 hour the solution was tested and found to contain
2,30 1b of free cyenide and 1,06 1b of slkali per ton of solution. Here,
2 grams of lime was added.

At the end of 17 hours the solution was tested and found to contain
1.20 1b of free cyanide and 1.58 1b of alkall per ton of sclution. To
this, 10.8 occ of 5-per-cent sodiun cyanide solution was added.

At the end of 24 hours the test was stopped, and again the solution
teated; it was found to contain 2.25 1b of free cyanide and 1.34 1b of
&glkali per ton of solution.

Reagent Consumption

Pounds per ton of solution Pounds per ton of ore
Cyanide Lime Cyanide Lime
Added 4.10 24.02 12.30 72.06
Remaining .25 1.34 6.75 4,02
Consgumed 1.85 22 .68 5.56 68.04

gGold Extraction
Head Assay.........4.00 oz per ton

Teils A8BE&Y........2.69 08 per ton

Extraction = {400 -lfc-}g,/a) x100 = 32.7 ¢
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Test No. 1l: In this test 200 grams of ore was mixed with 5 grams
of lime and 600 ce of pregnan@ solution which had been precipitated with
zine dust and containing 3 1b of free cysnide end 1 1b of alkall per ton
of solution.

At the end of 1 hour the solution was tested end found to contain
2,10 1b of free cyanide and 1.84 1b of alkali per ton of solution.

At the end of 17 hours the solution was tested and found to contein
1.30 1b of free cyanide and 0.51 1b of alkali per ton of sclution, To
this, 10.2 ce of 5-per-cent sodium cyanide solution and 0.25 gram of lime
were added.

At the end of 24 hours the test was stopped, snd again the solution
tested; it was found %o contain 2.65 1b of free cyanide and 0.62 1b of
alkall per ton of solution,

hesgent Consumpiion

Pounds per ton of solution Pounds per ton of ore
Cyanide Lime Oyanide Lime
Added 470 18.50 14.10 55.50
Remaining 2.65 0.62 7.95 1.86
Consuned 2.08 17.88 6.15 53.64
Gold Extraction

Head ABESY «veevsve k00 05 per ton

Tails Assay........2.69 oz per ton

Fxtraction = (4.00 wfég% x£100 - 327 4



Test No. 12: In this test 200 grams of ore was mixed with 6 grams
of lime, 21.8 ce of 5-per-cent sodium ocysnide soluticn, and 578.2 ce of
distilled water.

At the end of 1 hour the solutlon was tested and found to contain
3.05 1b of free oyanide and 1.06 1b of alkali per ton of solution.

ikt the end of 17 hours the sclution was tested and found to contein
1.60 1b of free cyanide and 0.44 1b of alkali ner ton of solution. To
this, 9.6 cc of 5-per-cent sodium cyanide sclution snd 7.22 grems of lime
wvere added.

At the end of 24 hours the test was stopped, and again the solution
tested; it wss found to contain 1.90 1b of free cysnide and .38 1b of

glkalli per ton of solution.
RBeagent Consuaption

Pounds per ton of solution Pounds per ton of ore
Cyanide Linme Cyenide Iine
Added 5.07 20.74 15.21 62.22
femaining 1.90 .38 5.70 1.14
Consumed 3.13 20,36 9.51 61,08

3old Extraction

Hend ABBOY.........4.00 o2 per ton

Teils Azsay........2.21 os per ton

Extraction = W = 44.7 %

4.00
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Test No. 13: In this test 200 grams of Golden Cycle calcines and
600 co of stock solution, containing 3 1b of free cyanide and 1 1b of
alkali per ton of solutlion, were sgitated for 24 hours.

At the end of 1 hour the solution was tested and found to contain
2.67 1b of free cyanide and 0.40 1b of alkali per ton of solution. Here,
2 grema of lime wes added.

At the end of 24 hours the test was stopped, and again the solution
was tested; it was found to contain 2.46 1b of free cyanide and 1.62 1b
of alkall per ton of solution.

Reagent Consumption

Pounds per tonm of solution Pounds per ton of ore
Cyanide Line Cyanide Lime
hdded 3.00 7.67 9.00 23.00
Remaining 2.46 1.62 7.38 4.86
Consumed 0.54 6.05 1.62 18.14
Gold Extraction

Head Assay.........0.42 oz per ton

Tails Assay........0.08 o2 per ton

Fxtraction = {0:42 *30112?8) 10 _a.0¢

The pregnant solution was tested to determine the amount of oxygen
dissolved; it was found to be 7.33 mg of oxygen por 1. From this it wes

caloulated to be 91.6 per cent saturated.
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Test No. 141 In thia test 200 grams of Golden Cyele caleoines and
600 co of stock cyvanide solution, containing 3 1b of free eyanide and 1
1b of alkasli per ton of solution, were agitated for 68 hours.

At the end of 1 hour the solution was tested and found to contain
2.72 1b of free cyanide and 0.40 1b of alkall per ton of solution. Hare,
2 grams of lime was added.

At the end of 68 hours the test was stopped, and sgain the solution
wag tested; it was found {to contmin 2.68 1b of free cysnide and 0,32 1b

of alkxli per ton of solutdon.
Reagent Consumption

Pounds per ton of solution Pounds per ton of ore
Cyanide Line Cyanide Iime
Added 3.00 7.67 9.00 23.00
Remaining 2.68 0.32 8.04 0.96
Consumed 0.3< 7.3% 2.96 22.04

Hend Assay.........0.42 oz per ton
Tails Assay........0.05% o2 per ton

Extrection = (2:42 2050 X300 . 455 ¢

The pregnant solution wes tested to determine the amount of oxygen
dissolved; it was found to be 5.40 nmg of oxygen per 1. From this it wae

caleulated to be 67.5 per cent saturated.



Test No, 15:¢ This test was designed to determine the effects of the
re~use of bsrren solution. In thig test 200 greaus of the ore wag mixed
with 7 grama of lime and 600 co of astock cyanide sgolution, contsining 2.94
1b of free cyenide snd 0.70 1b of alkali per ton of solution, and weg eg-
iteted for 24 hours. The stock cyanide solution was ssturated with oxy-
gen and contained 6.19 mg per 1.

At the end of 24 hours the solution was tested and found to contain
7.68 1b of free cysnide and 1.50 1b of alkali per ton of smolution. The
pulp was filtered through a Buchner filter and preeciritated with zine dust.
The solution wss tegted snd found to contain 0.46 1b of free eyanide and
1.40 1b of slkali per ton of solution.

Heagent Consumption
Pounds per ton of solution Pounds per ton of ore

Cyranide Lime Cyenide Lime
Added 2.94 243 s.éz Te .12
Remaining 0.46 1.5C 1.38 4.50
Consumed 2.48 22.54 T.44 67.62

Gold Extrzction

Head ASSAY.....vs...4.00 02 per ton
Tells ABB8Y.........3.08 0% per ton
- ¥xtrection = (400 0 =23.0%

The barren solution was added to 200 grams of fresh ore and 6 grems
of lime. The solution was made up to 3.30 1b of free qyaniﬁa per ton of
) solution by sdding 20 ce of S5-per-cent sodium cyanide solution.

At the end of 40 hours the pulp was filterad through & Buchner fil-

ter; the solution was precipiteted with zinc duast and was then tested and
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found to contain 0.20 1b of free cyenide mnd 0.22 1b of alkell per ton of

golution,
Reegent Consumption
Poundg pey ton of solution Pounds per ton of ore
Cyanide Lime Cyanide Lime
Added 3.30 21.40 9.90 64.20
Remaining 0.20 9.22 2.60 0.66
Censumed 3.10 21.18 $.30 63.54
Gold Extraction

Hesd ABBEY.....vs++4.00 08 per ton
Talls ASBEY........2.72 08 per ton
Extraction = £4.00 = 2,72) 2 100 = 30.0 ¢

4 .00

The Monomolecular Law constant (K) wes determined, and from this it
was culculsted that 20.5 per cent of the gold would be leached from the
ore in 24 hours.

The burren solution was added to 200 grams of fresh ore snd 7 grams
of lime. The sclution wae mede up to <.94 1b of free coyenide per ton of
solution by edding 20 cc of 5~per-cent sodium oysnide solution.

At the end of &4 hours the solution was tested and found to contain
1.02 1b of free cyanide and 1.34 1b of &lkall per ton of solution. The
vulp was filtered through & Buchner filter and the solution was precip-
itated with zine dust. It was tested and found to contain 02.72 1b of free

cyanide snd 1.30 1b of slkali per ton of solution,
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Reagent Congumption

Pounds per ton of solution Pounds per ton of ore
Cyanide Lime Cyenide Lire
Added 2.94 23.54 8.82 7.62
Reraining 0.72 1.30 2.16 3.90
Consumed .22 2224 6.66 66.72

Gold Extraction
Head A888Y.........4.00 08 per ton

T&ila ASM}'.-.-;-uQuS&. 05 }u}ar 1’-0!1

Ixtraction = (4.00 ”426g4) x 100 = 29.0 %

The barren solution was added to 200 grams of Golden Cvcle calcineas
snd 2 gzrams of lime. The solution was made up to 2.26 1b of free cvanide
per ton of soclution by mdding 10 cec of 5-per-cent scodium evyenide solution.

At the end of 24 hours the pulp was filtered through a Buchner fil-
ter and the solution wes precipitated with zlnc dust. It wae tested end

found to contain 0.46 1b of free cyvanide and 2.54 1b of alkall per ton of

golution.
Peagent Consumption
Pounds per ton of solution Pounds per ton of ore

Crenide Lime Cyanide Lime
Added 2,26 7.97 6.78 23.91
Remaining 0.46 a.54 1.38 1.62
Consumed 1.80 7.43 5.40 22.29

Gold Extraction

Head hsBaY.........0.42 o8 per ton

Tails Assay........0.03 o8 per ton

Extraction = (0:42 '09223) x 100 . 93.0 %




The barren solutlion waes added to 200 grams of fresh Golden Cycle cale
cines and 2 grems of lime. The solution was made up to 3.76 1b of free
cyanide per ton of solution by adding 20 ce of S-per-cent sodium oyanide
solution,

At the end of 24 hours the pulp was filtered through a Buchner fil-
ter sand the solution was precipiteted with sinc dust. It was tested and

found to contain 3.38 1b of free cysnide and 0.32 1b of alkali per ton of

solution.
Reagent Consumotion
Pounda per ton of solution Pounds per ton of ore
Cyanide Lime Cyanide Lime
Added 3.76 7.21 11.z28 21.63
Remaining 3.38 0.38 10.14 1.04
Conaumed 2.32 6.83 1.14 20.59

Gold Fxtyection
Heed Aos8Y.........0.42 03 per ton
T&ila ﬁﬁﬁa}'-.«..--.ﬁai}l 03 i}ﬁr m

Fxtrection = £0:42 ~00;211 x 100 97.6 %

The vpregnant solution was tested to determine the amount of oxygen
dissolved; it was found to be 2,52 mg of oxygen per 1. Fron this it

wag celeculated to be 34.4 per cent saturated.



Oxygzen Consumption

The amount of oxygen used in lesching of the ore was determined.
This was accomplished by plecing ore in & Winchester boitle snd stopper-
ing the bottle with a two-hole rubber stopper. Through one hole a length
of glaess tubing extended to the bottom of the bottle; through the other,
& short length of glass tubing extended slightly into the bottle. To the
external end of the glaas tubing short sections of rubber tubing were
gealed, with 8 pinch-cock on each. The bottle was made air-tipght by seal~
ing the stopper and tubing with shellac snd by conneeting the endsz of the
rubber tubing with a short length of glass tubing (Plate 6).

The stock cyanide Bolution waas ndded through the tubing extending to
the bottom of the bottle, snd thus the &ir wss sllowed to escape through
the short length of tubing. After the golution had been added, the tube
ing was scaled off by securing the pineh-cocks tightly.

The bottla was then agitated on the roller agitutor.

At the end of the period of sgitation the short length of tubing was
gttached to & manometer, the pinch-cock opened, and the amount of vacuunm
observed. Then the volume of air in the boitle was determined by adding
a known amount of water until the bottle was filled. Ry sssuming that
only the oxygen in the azir was used in the leaching, the amount consumed
could be determined.

The percentage of oxygen in the air was also obtained by an Orsat
analysis. However, this could not be done on the same ssmple used in
the sbove method.

The results of these tests are tabulated on the following pages.
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Plate No. 61 Illustrstion of Apparatus Used in Oxygen Consumption Tests



Test No. 1: In this test 200 grams of Golden Cycle calcines, 2
grams of 1ime,‘and 600 ec of oxygen-saturated cymnide solution were
sealed in the special Winchester bottle end sgitated for 46 hours. At
the end of this time the bottle was sttached to & wmanometer and & vacuum
of 29.0 mm of Hg was measured.

The volume of gss in the bottle &t the start of the teat was found
to be 1777 ce.

Standard conditions during the tegt

Temperature Atmospheric Pressure
(Degrees ¥) (mm Hg)
Start 67 610.00
Finish 62 617.00
Caloulations

Volume of oxygen in the bottle at the start of the test:
1777 x 20.91 = 371.5 ce

Volume of ges remaining in the bottle:

5555 x 1777 = 1683 ce

Volume of ges (oxygen) consumed)

1777 - 1683 = 94 ce

Percentage of the original oxygen present consumed:

D4 . x 100 = 25.30
A5 5-30 %
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Test No, 2: In this test 200 grams of Golden Cycle culcines, 2
grams of lime, and 600 c¢¢ of oxygen-saturated cyanide solutiocn were
sealed in the gpeclal Winchester bottle and agltated for 48 hours. At
the end of this time the bottle wes attached to & manometer and a vacuum

of 15.0 L of Hg wes measured.

The volume of gss in the bottle at the start of the teat was found
to be 1840 cec.
Standard conditions during the test

Temperature Atmospheric Pressure
(Degrees F) (om Hg)
Start 66 614.2
Pinigh 72 617.7
Calculations

Volume of oxygen in the bottle st the start of the test:
1840 x 20.91 = 385.0 ec

Volume of gas remalning in the bottle:

61 12""1 .O . P
"“é2§§75“§“" x 1840 = 1784 ec

Yolume of gas {oxygen) consumed:
1840 - 1784 = 56 oo

Percentage of the original oxyzen present congumed:

56 = 14.
385 x 100 = 14.55 %
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Test No. 31 In this test 200 gresms of Golden Cycle czlcines, 2
grems of lime, and 600 ce of oxygen-saturated cyanide solution were
sealed in the special Winchester bottle and agitsted for 66 hours. it
the end of this time an Orsast analysis was performed on the gsa in the
bottle to determine the percentsge of oxygem; it was found to contain
18.3 per cent oxygen.

The volume of gug in the bottle &t the start of the test was found
to be 1812 cec. |

Stapdard conditions during the test

Tenmperature Atmospheric Pressure
(Degrees F) (mm Hg)

Start 66 614.2

Finish 76 618.9

Galeulations
Volume of oxygen in the bottle at the start of the test:

1812 x 20.91 = 378.5 cec
Velume of oxygen in the bottle at the finish of the teat:
1812 x 18.30 = 332.0 cc¢
Volume of oxygen consumed:
378.5 = 332.0 = 46.5 co
Percentage of the original oxygen present consumed:

_Aé.‘_i - 3
T35 X 100 = 12.29 %



Tast No. 43 In this test 200 grams of the ore, 7 grams of lime, and
600 co of oxygen-saturated cyanide sclution were sealed in the special
Winchester bottle and agitated for 45 hours, At the end of this time the
bottle was attached to a manometer and s vacuum of 19.0 mm of Hg was
measured.

The volume of gas in the bottle at the stert of the test was found

to be 1832 ece.

Stendard conditions during the test
Tempersture Atmospheric Pressure
{(Degrees F) (mm Hg)
Btart - 616.5
Finish 73 619.3
Calcu on,

Volume of oxygen in the botile at the atart of the testsy
1832 x 20,91 = 383.0 c¢e

Volume of gas remaining in the bottle:

616.§ -~ 1900 =
153 x 1832 = 1780 ce

Percentage of the orlginsl oxygen present consumed:

2%
335 * 100 = 13.58 %



Tent No. 53: 1In this test 200 grams of the ore, 7 grems of lime, and
600 ce of oxygen-saturated cyanide solution were sealsd in the special
¥lncheater bottle and agitated for 46 hours. At the end of this time an
Orsat analysis wasg performed on the gas in the bottle to determine the
percemtnge of oxygen, sulfur dioxide, and carbon dioxlde present; it was
found to contain 18.1 per cent oxygen and no sulfur dioxide or carbon diw
oxide.

The wolume of gas in the bottle &t the start of the test was found
to be 1813 ce.

Stendard conditions during the test

Temperature Atmogpheric Pressure
{Degrees F) {mmn Hg)
Start 71 616.5
Piniah 73 619.3
Calenlstions

Volune of oxygen in the bottle at the start of the teat:
1813 x 20.91 = 378.4 co
Volume of oxygen in the bottle at the finish of the teat:
1813 x 1810 = 328.0 ce
Volume of oxygen consumed:
378.4 - 328.0 = 50.4 cc

Parcentage of the original oxygen present econsumed:

O. Yy - .
gggtﬁ-x 100 = 13,33 %



CONCLUSION

The foregoing cyanidation tests indicate that an efficient extrac-
tion of gold from this ore was not obtained. However, the suthor be-
lieves that these investigationsg do indicate several points where addi-
tional research will improve the extrasction.

In the sodium hydroxide wash, zrsenic was dissolved from the ore.
Therefore, 1t appesars thet compounds of arsenic are scluble in alkaline
solutions. However, with tests performed on pregnent seclutions, which
were made alkaline by the addition of lime, no trace of zrsenic could be
found. This wes investigsted extencively, by both chemical and spectro-
scopic methods. The distillation method for the guantitative anslysis
of arsenic was performed_on the solution in mmounts varying from 25 ce
to 250 cc; no arsenic waes detected. The solution was teken to dryness
on & hot plete, snd the salis remaining were analyzed by use of the spec-
troscope; ersenic wes not found to be present. 4&s it was thought that
the srsenic might have been driven off by drying the sclution on the hot
plate, the sclution was placed in csrbon electrodes snd wes allowed to

dry slowly, then excited with the spectroscope, and the spectrum was an-
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alyzed. Apain, no arsenic was found to be present.

The following is offered ws 8 possible explenstion for the sbsence
of arsenic in the pregnant solution: Arsenic isvéiSﬂalved by sodium hy-
droxide tc form soluble sodium srsenate, ﬁaBAaOA, formed from the ionlzed
sodium cyenide; the sodium arsenste i precipitsted as qulckly as teken
into solution by celeium lons to form an inscluble c¢alcium-arsenic com-
pound, GaAAagﬂg. If this possibility exista, then & more efficient so-
dium hydroxide wash followed by leaching without the addition of lime,
mizht conceivebly lmprove the extrzction. It would remove the srsenic
from the ore, which iz universzally considsred & hindresnce in cyvanidetion.

By using a relative high concentrstion of csleium cyanide, 8 much
better extrrzction was obtxined. The use of pueh concentrations should
be investigected more thoroughly, with speclal atitention ziven to the ra-
tio of free cysnide to the amount of dissolved arsenic, antimony, lead,

and copper. Oigler 20/ citee the cyenidetion of = difficult cyaniding ore

20/ cGisler, op. cit., p. 4.

in which the gold extraction wes improved by meintaining & ratic of four
parts free cvanide to one part dissolved metal. ¥With a high concentra-
tion of cyanide there would be increused cost of chemleals, but, with

en ore us high in gold ae this, the ineressed exirazction wonld more than
overcone these increased costa. #Haintaining of so high a ratio of free
cyanide to dissolved interfering metsls might permit reusing the sclu-
tiong. The fouling of solutions will be eliminated, it is said, by zain-
teining a high retio. This fect wes partially verified by these inves-
tigations, but because of the over-all low extrectlon obtained, this fuct

was not clearly defined. It can be seen, however, from these investiga-
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tions that the so-called fouled solutions can be re-used to cobtain &
good recovery from s free-cyaniding ore, as was done for the Golden Cycle
ealcines.,

The highly coniroversial issue of the role of oxygen in cyanidation
was given considersble thought. This is a most interesting issue, but
no definite conclusions in this respect can be drawn from this work. How-
ever, from the oxygen consumption tects it is seen that spproximately 13
per cent of the oxygen present was used up. The procedure used in these
tests did not allow the solution to be tested to determine the amount of
oxygen dissolved in solution. This, if done, would have proved intereat-
ing. TFigner's equation has been accepted, but what is there to prevent an
intermediate reacticn like the following from taking nlace without oxypen?

Au - NeCN - Ho0 = AuCN - HaOH - & Hp

The strong &lkali in turn night diesclve the surocysnide to form the well-

known sodium surocyanide, Naau(CN),. Julian end Smart 21/ stated that in

21/ Julien and Smert, op. cit., p. 70.

their work they have found hydrogen to be present on the cathode. If
this were the csse, then the role of oxygen would be merely that of 2 de-
polarizing agent., PFurther investigstion on this point would require
more complete equipment and very close control of the amany factors, but
would help to clesr up many yet unsnswered gquestions in the dissolution
of gold eand silver.

The amount of oxygen necessary for the dissolution of gold veries
from 2 1/2 to 6 mg of oxygen per 1. But with this ore the amount of oxy-
pen was well under this flgure. This bears out the atstement that the

precence of arsenle in ore denudes the solution of disseolved oxygen.



The effsct of sine dust versus aluminum dust precipitstion brought
out the fact that aluminum does not tske the oxygen out of precipitated
solutions as does the 2inec dust. A further investigstion of this might
conceivably help in overcoming the problem of re-use of solutions after
precipitation. Reducing agents, it is known, will denude the solution of
dissolved oxygen and reduce the efficiency of extraction when used over
again. The relationship of these denuding substunces with zinc ia ancther
subject requiring more iavestigstion. It might be concluded that arsenic

compoundg are reducing agents, as they sct ag such in these teste.

lime consumption is rather high with this ore, averaging from 60 %o
70 pounds per ton of ore. This being so, limestons daposits nesr the
mining operztion should be located and burned %to produce lime for use in
the mill, Aveilable alkelinity in the lime was not delfermineds agcord-
ingly, the lime consumption figure mey very with other limeg containing
more or less avallable alkalil,

s & final conclusion to this problem, I would say that if it were

posaible to make & gelective lend~-zine flotation, keeping the pvrite and
arsenopyrite depressed, snd then roasting the tuils from flotation with
the type of roaster developed by the Dorr Comsany in the "Fluosolids

Proceass®™ 22/, this followed by cyanidation of the calcines, & zood

22/ PRamsey, R. H.,, Research and Development Qpaayﬂew Phase in Milling:
EBE. &nd Hinq JO‘J:I’., lea Mg, no. 2; lgng, pp- l{)&""lm.

" monetary recovery would be obtained.
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