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CONCLUSIONS 

Roasting of the ore was not investigated, because of the 

close proximity to the international boundary of the ore-body. The fumes 

from a smelter would have to be carefully treated to remove a l l poisonous 

or harmful substances, This would necessitate the use of costly apparatus, 

which would so increase the costs of treatment that smelting can not be 

considered,, 

Flotation i s not suitable, as arsenopyrite and pyrite Ire so 

similar i n their f l o a t a b i l i t y that they can not be separated by ordinary 

means. The best arsenopyrite concentrate that could be obtained con

tained only thirteen and a half percent (13.5$) arsenic, which i s con

siderably below the twenty percent arsenic required for a commercial con

centrate. 

Straight cyanidation of the ore may be commercial, i f the mil

l i n g i s carried out on a large scale. The tests indicate that a recovery 

of sixty percent should be obtained without undue d i f f i c u l t y . On a working 

head of 0„35 ounces of gold per ton, the recovery would amount to a l i t t l e 

over seven dollars a ton (figured on gold at thirty-five dollars ($35.00) 

an ounce). This means that large scale mining and milling methods would 

have to be adopted in order for the mine to show a pr o f i t . 

Investigators at Ottawa also think that straight cyanidation 

i s the best method of treating the ore, They obtained recoveries of 

slightly over f i f t y percent of the gold, and i t i s their opinion that i f 

the ore drops to 0.36 ounces of gold per ton or lower, the mine could not be 

operated at a p r o f i t . 

1. Report of the Ore Dressing and Metallurgical Laboratories - Mines Branch, 
, Department of Mines, Ottawa, November 1936. 



'The staff of the Consolidated Mining and Smelting Company think that 

i t i s impossible to treat the ore by any methods 

RECOMMBNDATIOHS 

If a cyanide m i l l i s to be used, the following points should be 

carefully considered; grinding,, the use of litharge or ammonia to re

duce the consumption of lime and cyanide, the effect of oxidation, and 

impounding of the tailings. 

Tests show that the finer the grinding, the higher the gold re

covery. Therefore the ore should be ground as fine as possible to i n 

crease the recovery. This i s an economic problem, the cost of grinding 

should be balanced against the gold recovery, and the grinding giving 

the highest profit chosen. 

It was found that lime may not be necessary for cyanidation, as 

the pulp i s slig h t l y alkaline; a test ran without lime gave nearly as 

good a gold recovery as another test ran under the same conditions with 

the exception that lime was added. Therefore the necessity of lime 

should be considered. Litharge was found to decrease considerably the 

consumption of lime and cyanide, so the use of this reagent should be 

carefully considered,, It may be found that litharge more than pays for 

i t s e l f by the decrease in consumption of cyanide and lime. 'investig

ators at Ottawa found that the use of ammonia greatly reduces the con

sumption of cyanide, so this should be studied also. The combination 

of reagents used i s decided from an economic standpoint, the cost of the 

1. Metallurgical Report on Wisconsin Mine Ore - The Consolidated Mining 

and Smelting Company of Canada, Limited. 

2. Report of the Ore Dressing and Metallurgical Laboratories- Mines Branch 
Department of Mines, Ottawa, Nov., 1936. 



combination should be balanced against the gold extraction and the 

combination giving the highest profit i s the one that should be used. 

Tests show .that o x i d a t i o n o f the ore decreases the g o l d r e 

covery. Therefore care should be taken to see that the ore i s m i l l e d 

as soon as possible after being mined. M i n i n g methods in which the 

ore l i e s i n the stopes for any length of time, such as shrinkage stoping, 

should be avoided i f possible* 

Impounding of the tailings i s worth considering. A sixty per

cent recovery on a head of 0*35 ounces of gold per ton means that the 

tailings w i l l contain 0.14 ounces of gold per ton. This cannot be 

profitably treated at the present time, but the technical aspect of 

milling i s being advanced so rapidly that i n the future some system may 

be developed whereby the tailings can be treated at a p r o f i t . 

LOCATION OF THE PROPERTY 

The property i s i n the Nelson Mining division, two or three 

miles south, south-west from the Porks of Midge Creek, which empties 

into the east side of Kbotenay Lake about twenty miles southerly from 

Proctor, B.C. 

The property i s reached from the railway at Midge Creek Station. 

A narrow road i s practically completed for about two and one-half miles 

up the creek; from there to the mine there i s a pack-trail which can be 

improved into a road. The total distance from the mine to the smelter 

i s fourteen miles. The elevation at the mine i s about 6300 feet, which 

i s about 4500 feet above the railway at Midge Creek. 

MICROSCOPIC EXAMINATION OF THE ORE 

The bulk of the ore was crystalline masses of pyrite and arsen-
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opyrite, which were fractured and brecciated, w i t h chalcopyrite forming 

veinlets along the fractures* I n these veinlets were a l s o s p h a l e r i t e , 

galena, t e l l u r i d e m i n e r a l , t e t r a h e d r i t e (?) and sm a l l p a r t i c l e s o f an 

unknown m i n e r a l * 

P a r t of the g o l d occurs i n f i n e l y disseminated p a r t i c l e s 

f a i r l y evenly distributed® The presence of a g o l d m i n e r a l i s i n d i c a t e d 

by the super-panning and i n f r a - s i z i n g r e s u l t s . Micro-chemical tests 

show the presence of a telluride, and fusion on pyrez glass shows a 

gold telluride. In the chalcopyrite could be seen minute particles, too 

small to be identified, of a yellow mineral which may be gold. 

No free s i l v e r could be found, and as the galena could not 

account for a l l of the silver i n the ore, the presence of a silver 

mineral i s indicated. There are two po s s i b i l i t i e s ; a mineral i n the 

chalcopyrite tentatively identified as tetrahedrite, or a gold-silver 

telluride. 

ANALYSIS OF ORE 

Au 0.44 oz 1 ton Si Og 29.5$ 

Ag - 1.88 oz 1 ton Pb 0.33% 

Fe 2 9 9 ? % Sb Tr. 

Cu - 0.43% Zn 0.93% 

As : 8.50% ' Ca 0 

S 30.5% Mg 0 

Arsenopyrite 18.5% 

Pyrite 48.9% 

Galena 0.35% 

Chalcopyrite 1.2% 

Sp h a l e r i t e : 1.5% 



5 0 

* 1 TREATMENT OF ORE PRIOR TO TESTS 

Two tests were started on:the remnants of an old batch of ore 

which had been ground to -10 mesh, but when a fresh sample arrived, i t 

was decided to start again with a mixture of the two samples* The new 

sample was ground to -10 mesh by the jaw-crusher and r o l l s . The two 

batches were thoroughly mixed, and carefully sampled by quartering and 

spl i t t i n g . The head sample was ground to -=100 mesh, and assayed to get 

an analysis of the mixture of the ore„ 

'Fine grinding was-done i n a b a l l m i l l using twenty^four rods. 

SCREEN ANALYSIS 

The screen analysis of the twenty minute grind used for the 

flotation tests showed approximately ninety-seven percent {27%) - 200 

mesh. Two two hundred gram samples of the -200 product were put through 

the infra-sizer for two hour periods to complete the analysis. 

SCREEN ANALYSIS: INFRA-SIZING RESULTS: 

MR.SFT % Wt MESH % Wt. 

4> 65 0.0 | 250 19.8 

65-100 0.1 250-400 21.7 

100-150 0.2 400-560 18*9 

150-200 2.4 560-850 12.3 

-200 97.3 850-1100 8.7 

1100-1700 7*9 

-1700 IQ«5.. 

100e0 
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F L O T A T I O N 
CONCLUSIONS 

I t was concluded that f l o t a t i o n i s not a s u i t a b l e method o f treat" 

ing the ore. Pyrite and arsenopyrite could not be separated s u f f i c i e n t l y 

t o give a commercial arsenopyrite concentrate. 

PURPOSE AND RESULTS OF THE TESTS 
The t e s t s were r u n i n an e f f o r t t o get an a r s e n o p y r i t e concentrate 

c o n t a i n i n g twenty percent {20%) arsenic, which would be accepted as an 

arsen o p y r i t e ore by the smelter at Tacoma. Previous work had been done 

on the ore by a group of students under the s u p e r v i s i o n o f Professor 

G i l l i e s , and i t was decided to start with the two tests (#6 and #13) 

which gave the best results. The tests were duplicated, and, while the 

percentage recoveries of the minerals in the concentrates checked f a i r l y 

well with those of test 13, the grades were considerably lower. Test 6 

could not be duplicated, the froths obtained were so different that the 

concentrates were not assayed „ 

Then separation in an acid c i r c u i t was thoroughly investigated and 

several other methods were tried, but the best concentrate that could be 

obtained assayed only thirteen and five-tenths percent (13.5%) arsenic. 

This was obtained by cleaning a bulk concentrate i n a high alkaline 

c i r c u i t . It was concluded that arsenopyrite and pyrite are so similar i n 

t h e i r f l o a t a b i l i t y that they can not be separated by ordinary methods. 

It was found that a bulk concentrate containing most of the gold 

could be brought up. The best gold recovery, ninety percent (90%) was 

obtained i n a concentrate containing sixty percent of the feed. Other 

bulk concentrates were brought up at a higher concentration ratio but i t 

was found that the gold recovery decreased i n proportion (roughly) to the 

decrease i n bulk of the concentrate. 
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iThe following r e s u l t s are i n d i c a t e d by the t e s t s ; 

1« I t i s impossible to separate pyrite and arsenopyrite by ordinary 

• f l o t a t i o n methods, 

2. Gold i s depressed by an a c i d c i r c u i t . 

3. C«esylic a c i d i s the best f r o t h e r f o r the ore t i n s p i t e of i t * s 

collecting power. 

4. In a high a l k a l i n e c i r c u i t , pyrite i s slightly more s e n s i t i v e to 

a c o l l e c t o r than arsenopyrite. 

5. The use of sodium s u l p h i t e (Na2 S03) instead of cyanide (KCN) i n 

the b a l l m i l l does not improve the recovery of gold. 

6. Blanketing does not give a good gold concentrate, .while blanketing 

and floating the blanket t a i l i n g s does not give a better recovery 

than straight f l o t a t i o n . 

7. Using carbon dioxide (CO,,) as the gas phase lowered the recovery 

of a l l the minerals, while using hydrogen sulphide (HgS);no con

centrate could be obtained. 

8. A bulk concentrate containing most of the gold can be floated, 

the gold recovery decreasing roughly i n proportion to the de

crease i n the percentage of feed in the concentrate. 

9. Z-6 (Pentasol xanthate) i s not as powerful a collector as the 

combination of #208 and #301. 

METHOD OP CALCULATING RECOVERIES 

The recoveries of the different elements were c a l c u l a t e d 

from the f o l l o w i n g ratio 

Weight of ellment i n concentrate 
Weights of elimeht i n concentrates and t a i l i n g 
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A' synopsis o f the methods of assaying (except f o r gold) w i l l 

be found i n another s e c t i o n . Gold was assayed by the n a i l s method. 

Since the work was s t a r t e d by d u p l i c a t i n g t e s t s 6 and 13 of 

the previous work, i t was decided to i n c l u d e a d e s c r i p t i o n of the t e s t s . 

I t was thought advisable t o a l s o i n c l u d e a' b r i e f d e s c r i p t i o n of the 

theory of f l o t a t i o n . 
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T E S T 6 

To try and separate the Chalcopyrite from the Pyrite and Arsen

opyrite by Differential Flotation, Using More Cyanide (KCN) and Also 

Zinfc Sulphate (Zn So 4), and Copper Sulphate (Cu 864) as a Reactivator 

Along With Potassium Xanthate. 

Ball M i l l Ore 1000 gms 

Cyanide (KCN) 0.25 gms (0.5# / ton) 

Zn S8, 0.25 gms (0.5# / ton) 4 
Soda Ash 1*25 gms (2.5# / ton) 

Time of Grinding 

Flotation Cell 

20 minutes 

Aerofloat #25 
;';Sresylis Acid 

Pulp density 

Pine O i l #5 

Conditioned 

Floated 

PH 

1 drop (0.079 #/ton) 
1 drop (0.068 #/ton) 

4:1 

6 drops (0.5#/ton) 

2 minutes 

20 minutes 

•8.1 

Pine o i l #5 was added one drop at a time (up to six drops) 

un t i l i t provided a froth. The bubbles were very copious but small, 

and gave a good concentrate. 

This concentrate was taken off and two pounds per ton of 

copper sulphate (Cu S6^) and one-quarter pound per ton of potassium 

Xanthate were added. Conditioned for two minutes and floated for 

twenty minutes. Good strong bubbles were produced and a good concen

trate obtained. 

pH of concentrate — 7,84 
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RESULTS 

PRODUCT 
Wt. In 

,/Glims. 
% of 
Feed 

Au 
Assay 

Au Ag " \ 
Ree Assay 

Ag 
Rec 

Cu 
Assay 

Cu 
Rec 

Feed 1000eO 100.0 

Conc.l 221. 2 2 a 1.52 .. 66.5 6.36 50 0.798. 

Cone.2 362 36 s2 0.22 17A 2.26 •28.7 0.33 30o5 

Tails 418 41.8 0.17 1.43 0.24 

Loss 41 . 

Total 1000 83.9 74.7 

Product 
As 
Assay 

As 
Rec 

Fe 
Assay 

Fe 
Rec. 

Feed 

Conc.l 6.53 22.2 30.7 " 22.9 

Gene.2 8*40 46.5 32.6 •'• 39.7 

Tails 5.08 26.7 

Loss 

Total .. 68.7 62.6 

CONCLUSIONS 

The chalcopyrite was about equally divided between the 

two concentrates, with not very good recovery in both combined. The gold 

recovery was f a i r l y good but the arsenic and iron recoveries were also 

higher than previously shown. Therefore the increased gold recovery was 

probably i n part due to the increased arsenopyrite and pyrite recovery. 
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T E S T IS 

To f r y and Obtain a C h a l c o p y r i t e Concentrate by Keeping the 

pH High and Depressing the P y r i t e and Ar s e n o p y r i t e by the Use of Lime 

and Cyanide. 

B a l l M i l l Ore • 

Lime 

Cyanide (KCN) 

Water 

1000 gms 

1.0 gms (2.0#/ton) 

.05 " (0.1#/ton) 

1000 » 

Time of g r i n d i n g 20 minutes. 

F l o t a t i o n C e l l 

Aerofloat #15 1 drop (0.079#/ton) 

G r e s y l i e A c i d 1 " (0.068#/ton) 

Pulp density 4:1 

Conditioned 2 minutes 

Floated 10 minutes 

pH 10.1 

Remarks: A very weak froth was obtained which brought up a 

small concentrate 

Added 5 o*c. concentrated S0^ and two drops of #301 

(0.02#/ton) and 2 drops of pine o i l #5 (0«08#/ton) Conditioned 2 mins and 

floated for 15 "minutes. Very copious f r o t h and very clear silvery con

centrate . 

pH - 3.9 

After 15 minutes the bubbles changed and a fourth con

centrate was taken off. 
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RESULTS: 

Product 
Wt.in 
Grams 

% of 
Peed 

Au 
Assay 

Au 
Rec. 

Ag 
Assay 

Ag 
Rec. 

Cu 
Assay 

Cu 
Rec. : 

Peed 1000.0 100.0 

Gone 1. 30.0 '3.0 2.40 2i.2; 16.48 23.6 11.2 86.5 

Cone.2. 25.0 2.5 0.60 5.6 4.12 6.1 1.2 10.2 

Cone 3. 330.0 33.0 0o43 42.7 2.60 45.3 Tr —-

Cone 4. 30.0 3.0 0.40 4.8 4.00 5.2 Tr 

T a i l s 585.0 58.5 

T o t a l 1000.0 100.0 

AS 
Assay 

AS 
Rec. 

Peed 
Cone 1 12.2 . 2.50 

Cone 2 16.6 3.10 

Cone 3 30.9 62.40 

Cone 4 16.0 4.30 

T a i l s ' 

Total 72.3 

CONCLUSIONS: 

Test 13 gave the most promising results of a l l the 

tests run. This test shows that i t i s possible to separate the chal-

copyrite from the arsenopyrite and pyrite. The gold recovery was not 

the highest obtained, but the concentrates were the best yet separated, 

and by varying the reagents together with a l i t t l e finer grinding the 

gold recovery could undoubtedly be greatly improved. 
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THEORY 01* FLOTATION 

The e s s e n t i a l phenomena o f f l o t a t i o n w i l l be considered under 

the f o l l o w i n g headings 

a) Polar, non-polar and heteropolar compounds. 

b) Formation and p r o p e r t i e s of f r o t h s . 

c) Promoters. 

POLAR, HON-PiLAR AND BETEROPOLAR COMPOUNDS 

- Substances such as sodium c h l o r i d e are i o n i z e d not o n l y i n the 

l i q u i d or d i s s o l v e d phase, but als o i n the s o l i d s t a t e * I t can be 

shown by X-ray a n a l y s i s that the c r y s t a l s of sodium c h l o r i d e c o n s i s t 

of a l t e r n a t e sodium and c h l o r i d e i o n s arranged i n a l a t t i c e such t h a t 

no two ions of opposite charge can be s i n g l e d out as being p a i r s . That 

i s , poles of e l e c t r i c i t y of opposite charge alternate; a substance of 

this nature i s called polar. 

Non-polar substances d i f f e r considerably from polar compounds. 

They do not ionize or c a r r y e l e c t r i c i t y , they have a low dielectric 

constant, they are not reactive 7or i f reactive, are involved in much 

slower reactions. Because of their lack of polarity, they differ from 

polar substances i n their structure. Non-polar compounds are aggregates 

or clumps of molecules held together loosely by cohesive or residual 

valence forces, while polar structures are aggregates of ions held to

gether by much stronger bondsc 

There exists between the polar and non-polar groups, a large 

number of substances which have sufficiently large molecules that polarity 

in different parts of the molecule can be considered. Heteropolar 

compounds are polar in one part, and non-polar i n another part. In the 
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liquid.form or i n solution they are poor electrolytes. 

The wettability by water, and ultimately, the f l o a t a b i l i t y , 

of minerals depends upon their polarity or non-polarity, and whether 

the capacity for hydration effects the polarity. It i s believed 

that there i s a transitional layer between a polar substance and water. 

Either ions migrate out from the surface and become hydrated, or i f 

they do not migrate, they adsorb water; i n either case a transitional 

layer is formed, which cements water to the substance. A non-polar 

substance does not hydrate, hence the liquid phase and solid phase are 

discontinuous. 

- FORMATION AND PROPERTIES Off FROTHS, 

A frothing agent must form a froth stable enough to carry 

non-wetted particles to the surface, i t may or may not possess the 

property of making the mineral less wettable by water. 

From a consideration of Gibb's Equation 

, dr 
a s "RT dc 

in which a - amount of material adsorbed at the interface. 

G - concentration i n the bulk of the solution 

R - constant 

T - absolute temperature 

dr - rate of change of surface tension with con-
dc centration. 

i t i s apparent that where a i s small, i s small, and that when a 
')"• ' "dc 

i s large, ™ i s large. Inorganic compounds tend to raise the surface 
dc 

tension and are poorly adsorbed, w i l l be small, and to produce 
dc 

much of a change in the surface tension the concentration w i l l have to 
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be considerably increased. On the other hand, organic capillary active 

substances are strongly adsorbed, and relatively small concentrations 

w i l l cause a considerable drop i n the surface tension. This explains 

why certain organic compounds are used as frothing agents. 
1. 

'Frothing can be traced directly to the dual native of 

frother molecules which have one water-avid (polar) part and one water-

repellent (non-polar) part. Both of these a f f i n i t i e s are sati s f i e d i f 

the molecules occur at bubble walls with their polar, hydrated end ad

hering to the water phase and their non-polar end away from i t , so that 

frother molecules concentrate at the interface between the f l u i d phases 

of flotation systems. As a result of the addition of a frother, the gas 

bubbles formed under the surface of a l i q u i d are more or less completely 

lined with a monomolecular sheath of froth molecules which allows each 

bubble with i t s l i n i n g to come into contact with other bubbles without 

coalescing: this forms a froth. Besides this the bubbles are made more 

elastic, and by lowering the surface tension the bubbles are less liable 

to break. 

PROMOTERS 

The term "Collecting Agent" goes back to the days of flotation 

with', o i l , at which time i t was used to designate certain o i l s , capable of 

bringing sulphide minerals in the froth i n greater abundance. The later 

term of promoters, applied in part to the synthetic chemical compounds 

that have replaced the collecting o i l s , i s perhaps better suited, but the 

term "Collecting Agent" is so well accepted and unambiguous that both 

names can be used. 
A promoter (or collector) may be defined as a heteropolar 

compound in which the polar part i s capable of reacting with or adsorbing 
1. Flotation - A.M. G-audin 
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at the surface of the minerals to be collected, while the non-polar part 

i s water repellent* 

Collectors may be divided i n two varieties;-

1, Those that form chemical compounds by metathesis with the 

surface of the mineral. Lead xanthate i s formed when galena i s floated 

by a xanthate, while cuprous xanthate i s formed when covellite i s ex

posed to the action of potassium xanthate. 

2. Those that do not form chemical compounds. Ferric xanthate i s 

not formed when pyrite i s floated by a xanthate; i t i s concluded that 

pyrite i s floated by some other coating. The mode of operation is not 

clearly understood, the reagent may be adsorbed on the surface of the 

mineral,,;or may be changed,at the surface to a different chemical form. 

In a pulp, as the bubbles rise to the surface they are bound to 

come i n contact with mineral particles. When a bubble collides with a 

mineral particle, a contact angle i s set up between the liquid and a i r 

phases. If the particle i s non-polar, the contact angle i s such that the 

air has a tendency to displace the water phase, and the particle w i l l tend 

to go into the bubble. On the other hand, for a polar particle, the con

tact angle i s such that the water tends to displace the gas phase, and the 

particle w i l l slide back into the water. 

When the mineral i s coated with the collector, the polar part 

of the collector adheres to the surface of the mineral and the non-polar 

sticks out, forming a surface that may be considered non-polar. Hie non-

polar surface i s water repellent, so when the coated particle comes i n 

contact with a bubble, the non-polar part w i l l attempt to get out of the 

water phase, It may be adsorbed by the monomolecular sheath of frother 

that coats the bubble. 
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"> Since the pulp i s i n a continuous s t a t e of a g i t a t i o n , 

bubbles are bound to c o l l i d e , and some c o a l e s c i n g w i l l take p l a c e * 

Two bubbles coming i n contact may coalesce, forming one bubble c a r r y i n g 

the mineral burden of the two. 

A study of the skeletons of d r i e d bubbles shows the i n s i d e s 

to be f a i r l y smooth, w h i l e on the o u t s i d e the p a r t i c l e s were one deep. 

I t was a l s o found that the p a r t i c l e s adhere t o the bubble w a l l w i t h 

the l a r g e s t area compatible under the circumstances. 

As the bubbles move upward there are two changes. There i s 

a r e l a t i v e downward d r a i n i n g of the water and the s o l i d s suspended 

i n the water, and there i s c o a g u l a t i o n of the bubbles. The d r a i n i n g 

of the water continues u n t i l the w a l l s of the bubble touch at one point, 

then as the pulp d r a i n s f u r t h e r between the bubbles they assume more 

and more of a polygonal o u t l i n e , the angles o f the polygon coming 

where three or more bubbles touch. The extent to which the bubbles 

w i l l assume a polygonal o u t l i n e w i l l depend upon the m i n e r a l i z a t i o n 

of the pulp, the s i z e of the bubbles and of the mineral p a r t i c l e s . 

During the d r a i n i n g of the water between the bubbles, the 

suspended m i n e r a l or gangue p a r t i c l e s escape q u i t e e a s i l y , but as the 

bubbles get c l o s e r to each other and l o s e t h e i r s p h e r i c a l shape, the 

adhering mineral p a r t i c l e s enmesh a number of gangue p a r t i c l e s . 



TEST 1. 

To Duplicate Test 6 of l a s t year* 

Charge t o B a l l M i l l Ore 
Water 
KCH 
WagCOg 

1000 gms. 
1000 gms. 
0.5 # / t o n 
2.5 f / t o n 

C e l l 

Time of g r i n d i n g 

Concentrate I . 

ZnS0 4 0.5 # / t o n 

- 20 minutes. 

Added Pine O i l # 5 . . 
C r e s y l i c A c i d 
A e r o f l o a t # 25 

0.24 # / t o n 
0.54 f / t o n 
0.06 # / t o n 

Conditioned 

Skimmed 

PH 

2 minutes 

20 minutes 

6.85 

At f i r s t the bubbles were tough and h e a v i l y 

m i n e r a l i z e d . A f t e r 5 minutes they were smaller 

and very copious. A f t e r 15 minutes the bubbles 
ro 

became c l e a n . Then the f e r t h turned darker and 

concentrate 1 B s t a r t e d . 
Concentrate IB. 

Added ( K-Et. Xanthate 

( CuS04 (&% s o l . ) 

Conditioned 2 minutes 

Skimmed 48 minutes 

pH 7.0 

0.197 # / t o n 

2.00 "§ / t o n 
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-'* TEST1. Con'*tV 

The bubbles were small and copious and the f r o t h 

was good. 

Concentrate 2. 

Added ( K-Et. Xanthate 0.197 # / t o n 

(CUSO4 (5 % s o l . ) 2.00 # / t o n 

Conditioned - 2 minutes 1 

Skimmed - 12 " 

pH - 7.02 

The f r o t h was composed of small and copious bubbles 

c a r r y i n g few s u l p h i d e s . , . 

Conolusion. 

Motw. This t e s t was not assayed, as a new batch 

of ore a r r i v e d and i t was thought t h a t b e t t e r r e s u l t s 

could be obtained with~the f r e s h oreV 



SI-

TEST 2. 

To Duplicate Test 13 of Previous Year. 

Charge t o B a l l M i l l . Ore 1000 gms. 
Water 1000 gms. 
KCN 0.10 # / ton 
Lime 2,0 # / t o n 

Time of Grinding - 20 minutes, 

C e l l Concentrate 1., 

Added C r e s y l i c A c i d 0.108 f / t o n 

A e r o f l o a t # 15 0.438 f / t o n 

Conditioned - 2 minutes 

Skimmed - 1 0 ' " 

pH - 7.2 

The. bubbles a t f i r s t were l a r g e , tough and w e l l -

armored, but a f t e r three minutes became small and 

copious. The small bubbles were d i r t y , but soon 

c l e a r e d . 

Concentrate 2. 

Added CuS0 4 1.0 .# / t o n 

Conditioned - 2 minutes 

Skimmed 10 " 

pH - 7.2 

The p e r s i s t e n t f r o t h was composed of s m a l l , l i g h t l y 

m i n e r a l i z e d bubbles. 

Concentrate 5A. 

Added Pine O i l - ' 0.8 # / t o n 

# 301 - 0.02 # / t o n 



S3 

Conditioned - 2 minutes 

Skimmed - 15 " 

pH - 7.2 

The f r o t h was f a i r l y p e r s i s t e n t , the bubbles were 

small and more m i n e r a l i z e d than those of previous t e s t . 

Skimming was continued 15 minutes t o d u p l i c a t e t e s t i n 

l a s t year's r e s u l t s , but as mineral was s t i l l coming up, 

skimming was continued i n t o another pan. 

Concentrate 3BU 

Skimmed - 9 minutes • 

pH 7.4 

This i s a c o n t i n u a t i o n of 3A, Skimming was continued 

u n t i l the bubbles were c l e a n . The f r o t h was the same as 

3A. : 

Concentrate 4. 

Skimmed • - 13 minutes 

ph - . 6.8 

This concentrate was taken t o d u p l i c a t e l a s t year's 

r e s u l t s . The f r o t h was the same as i n 3B, and l i t t l e 

m i n e r a l was c a r r i e d over. 

l u s i o n . 

This t e s t was not assayed, as a new batch of ore " 

a r r i v e d , and i t was f e l t t h a t b e t t e r r e s u l t s could be 

obtained by duplios.ting the t e s t w i t h the new sample. 
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TEST 5. 

To D u p l i c a t e Test 15 w i t h the New Mixture of Ore. 

Charge t o B a l l M i l l Ore - 1000 gms, 
Water - 1000 gms. 
KCN - ' - " '" ' ' 
Lime 

1000 gms. 
0.1 f / ton 
2.0 =f / ton 

Grinding Time - 20 minutes. 

Concentrate 1. 

Added - C r e s y l i c A c i d 0.108 # / ton 
A e r o f l o a t t 15 0.438 # / t o n 

Conditioned - 2 minutes 

Skimmed 10 " 

Small and p o o r l y m i n e r a l i z e d bubbles^ They were 

d i r t y f o r f i r s t 5 minutes, then c l e a n f o r remainder of 

time. 

Concentrate 2. 

Added - . Copper Sulphate 1.0 =§= / t o n 

Conditioned - 2 minutes 

Skimmed 10 " 

pH - 7.0 

F r o t h was very s i m i l a r t o previous concentrate, but 

l e s s m i n e r a l i z e d . . 

Concentrate 5. 

Added - Pine O i l 0.8 # / ton 

# 301 0.02 # / ton 



H 2 S 0 4 (1:1) 

Conditioned - 2 minutes 

Skimmed - 10 

pll - 4 . 4 

At f i r s t , a few bubbles t h a t were l a r g e and h e a v i l y 

m i n e r a l i z e d , came up. Almost e n t i r e surface of c e l l was 

covered w i t h a s i l v e r y scum t h a t was very p e r s i s t e n t . A f t e r 

a s i x minute p e r i o d , the bubbles became smaller and more 

copious. M i n e r a l i z a t i o n was heavy but l e s s than at s t a r t . 

Skimmed 15 minutes t o d u p l i c a t e l a s t year's t e s t , but as 

mineral was s t i l l being brought up, continued skimming 

i n t o another pan. 

Concentrate 5B. 

Skimmed - 12 minutes 

pH - 4 i 4 

Continu a t i o n of' $ 3. F r o t h was same as 3, except t h a t 

the bubbles were l e s s m i n e r a l i z e d . 

Concentrate 4, 

Skimmed - : 13 minutes 

pH - 4 . 6 

A f o u r t h concentrate was taken t o d u p l i c a t e l a s t year's 

t e s t . The f r o t h was weak and bubbles were d i r t y and poorly 

m i n e r a l i z e d . 



RESULTS. 

Product Weight 7° 
Feed 

Au 
oz/ton 

Cu Fe 
% 

As 
of . 
"/o • 

Au 
Rec. 

Cu 
Rec. 

Fe 
Rec. 

As 
Rec,; 

1 17.6 1.7 2.68 3.17 33.9 6.8 11.9 12.9 1.9 1.3 
2 21.1 .2.0 '1.24 2.02 31.5 7.0 6.6 10.9 2.0 1.7 
3 424.3 40.6 0.40 0.35 36,6 15.2 ;- 42.6 33.8 48.1 62,8 
3b 175.3 16.8 0.48 0.43 39.2 9.3 2X«3 16.4 21.2 18.3 
4 33.7 3.2 0.32 0.53 36.5 8.5 2,9 4.1 3.8 3.2 

.,' T 368.5 35.7 0.16 0.26 20.2 3.1 14.7 21.9 23.1 12.8' 

1040.5 100.0 100.0 100.0 166.0 100 „0 

% % % FeSIS CuFeS„ FSSl 
FeAsS CuFeSg FeS 2 £ R e, c, 2 .^ c. 

14*8 9.1 49.5 1.3 12.9 1.9 
15.2 5.8. 46.4 1.7 •10.9 2.1 
28.7 1,0 48,0 62.8 33.8 44.4 
20.2 1,2 60,2 18.3 16.4 23.0 
13.5 1.5 59.2 3.2 4.1 4.3 
6.7 0.7 30.0 12.8 21.9 24,3 

100.0 100.0 100.0 

Conclusions. 

The gold and arsenic r e c o v e r i e s checked f a i r l y w e l l w i t h those 

obtained i n Test 13 o f l a s t y ear. The copper and a r s e n i c grades 

are d i f f e r e n t , but t h i s i s due t o the d i f f e r e n c e i n the heads 

of the two batches. 
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TEST 4. -

To d u p l i c a t e Test 3,using l e s s s u l p h u r i c A c i d . 

B a l l M i l l 

C e l l 

Grinding Time 

Concentrate 1. 

Ore 
Water 
KCN: • 
Lime, 

20 minutes < 

1000 grs.-
1000 g r s . 
0.1 #/ t o n 
2.0 #/ t o n 

Added 0.108 # / t o n 

0.438 # / t o n 

C r e s y l i c A c i d 

A e r o f l o a t #15 

2 minutes 

- 10 11 

7.2 

The bubbles were small and not w e l l m i n e r a l i z e d . 

They were d i r t y f o r the f i r s t f i v e minutes and then f a i r l y 

c l e a n t o end of skim. The p e r s i s t e n c e of f r o t h was good. 

Conditioned 

Skimmed 

pH 

Added 

Conditioned 

Skimmed 

pH 

Concentrate 2. 

CuS0 4 

2 minutes 

•10 " 

7.2 " 

1.0 # / t o n 

The f r o t h was v e r y s i m i l a r t o # 1, but the bubbles 

were p o o r l y m i n e r a l i z e d . 

Added 

Concentrate Z'i 

Pine O i l 
#208 

.08 # / t o n 

.02 f / t o n 
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1:1 H 2 S 0 4 3 c.c. 

Conditioned - 2 minutes 

Skimmed - 15 " 

pH - 5 . 2 

Obtained a good f r o t h of tough and h e a v i l y armoredd 

bubbles, though not as h e a v i l y armored as i n ̂ concentrate 3, 

t e s t 3. 

Concentrate 5B. 

pH - 5.2 Skimmed - 12 minutes 

The f r o t h was same as concentrate 3, but bubbles 

became g r a d u a l l y weaker. 

Concentrate 4. 

pH - 5.4 Skimmed - 13 minutes 

Obtained poor f r o t h of weak, d i r t y bubbles, c a r r y i n g 

l i t t l e m i n e r a l . 

RESULTS. 

Cone. Weight Percent: Au 
of Feed Assay 

oz/ton 

•GU AS • GU •' FE A 3 ' •. AU 
Cu 
% 

Fe 
% 

As Cu 
% Rec 

Fe 
Rec 

• As 
Rec 

Au 
Rec 

1 13.4 1.3 2.96 4.45 32.3 5.5 13.5 . 1.4 0.8 
2 20.2 2.0 1.16 1.94 28.3 7.1 8.9 1.9 1.6 
3 452.2 45.0 0.48 0.43 36.3 13.2 43.6 55.1 70.3 
3b 146.9 14.5 0.36 0.31 39.1 8.0 10.3 19.4 13.7 
4 19.8 1.9 0.32 0.67 30.0 6.4 2 « 9 1,9 . -1.5' 
T 354.0 35.2 0.12 0.26 17.1 2 © 9 20.8 20.3 12 © 2 

1006.5 100.0 100.0 100.0 100.0 

10. 

6. 

56,i 

13.1 

1.' 

1 1.1 

100.0 
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• : • FeAsS GuFeS'r, • Weil / FoAsS, . CuFeSj> FeS ?, 

Gone. Grade Grade Grade Rec. - Rec. Rec. 
Arseno- Chalco- P y r i t e Arseno- Chalco- P y r i t e 

'; p y r i t e p y r i t e p y r i t e p y r i t e 

L 11.9 y . 12.7 46.0 0.8 13.5 1.5 

2 15.4 40.5 1.6 8.9 2.0 

3 28.7 1.2 43.0 70.3 43.6 47.6 

3b 17.4 0.9 62.0 13.7 10.3 , 22© 3 

4 13.9 1.9 46.6 1.5 2.9 2.3 

T . 6.3 0.7 27.9 X 2 * 2 20.8 24.3 

100.0 lob.o 100.0 

Conclusion. 

The r e s u l t s show th a t t he s l i g h t l y lower a c i d c i r c u i t does 

not e f f e c t the grade of t h e concentrate. The higher recovery 

of gold, a r s e n o p y r i t e and c h a l c o p y r i t e i n concentrate 3 i s due 

t o the increased bulk of the concentrate. 
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TEST 5. 

To Duplicate Tests 5 and 4, but using Mo Sulp h u r i c A c i d . 

Charge to B a l l M i l l . . • ' 
Ore - 1000. gms. 
Water - 1000 gms. 
KCN - 0.1 # / t o n 
Eime - 2.0 ft / t o n 

Grinding Time - 20 minutes. 

C e l l 
Concentrate 1. 

Added - , C r e s y l i c A c i d 0.108 ft / ton 
A e r o f l o a t 9.458 ft / t o n 

Conditioned - 2 minutes 

Skimmed - 10 " 

pH 8.65 
Obtained f a i r f r o t h , which c o u l d have been stro n g e r . 

Bubbles were weak and d i r t y . 

Concentrate 2. 

Added - CuS0 4 1.0 ft / ton 

Conditioned ,. - 2 minutes 

Skimmed - 10 " . 

pH - 8V37 

Fro t h was weak and d i r t y . Bubbles were l a r g e r . 

Concentrate 5. 

Added - - Pine O i l .68 ft / t o n 
• • ' -. ft 301 .02 ft / ton 

Conditioned - 2 minutes 

Skimmed - 15 - " 

pH - 8.20 
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F r o t h was composed of s m a l l , weak, d i r t y bubbles, which 

were not n e a r l y as h e a v i l y armored as those i n the t e s t s 

vrtiere HgSO^ was added* 

Concentrate 3 B. 

Skimmed - 12 minutes ph - 7.98 

Froth was a g a i n same as 3, composed of small bubbles 

c a r r y i n g l i t t l e m i n e r a l , not h e a v i l y armored , weak and d i r t y . 

Concentrate 4. 

Skimmed - 13 minutes pH - 8.00 

F r o t h was again weak and d i r t y , and was composed of small 

bubbles c a r r y i n g l i t t l e m i n e r a l . 

RESULTS. 

AU CU FE AS AU CU FE AS 

Cone. Wght. Per cent Gold Cu Fe As Au Cu Fe As 
of Feed oz/ton % % . % Rec Rec Rec Rec 

25.3 2.5 2.84 5.0 39.0 6.9 17i9 29.3 : 3.1 2.1 
2. 11.1 - 1.1 1.44 2.06 36.0 7.3 4.0 55*5 1.3 1.0 

3« 109.1 10.8 0.84 1.01 29.4 9.0 22.8 25.4 10.0 12.1 
3b. 37.5 3.7 0.44 0.54 37.0 10.2 4:« X 5.6 .~ 4.4- 4.7 
4. 41.7 4.1 0.42 0.66 35.5 10.8 4.4 6.8 4.6 5.6 

T. 783.3 77.8 0.24 0.15 31.3 7.7 46.8 27.4 76.6 74.5 

1008.0 100.0 100 100 100 100 



3X« 

FeAsS CuFeSg FeS FeAsS GuFeS ? FeSg 

Cone. Grade Grade Grade Rec. Rec. Rec. 
Arseno- Chalco- P y r i t e Arseno- Chalco- P y r i t e 

•> p y r i t e p y r i t e p y r i t e . p y r i t e 

1 • 15.0 14.3 54.0 2.1 29.3 3.0 

2 15.9 •5.9 54.3 1.0 5.5 1.3 

3 19.6 2.9 26.4 12.1 25.4 6.4. 

3b 22.2 1.5 46.9 4.7 5.6 3.9 
4 23.5 1.9 41.0 5.6 6.8 3.8 

33 16.7 0.4 47.0 74.5 27.4 81.6 

ioo.o 100.0- .100.0 

Conclusion. In concentrate 3 the grade of the gold is. h i g h e r , 

w h i l e the grade of t h e p y r i t e , a r s e n o p y r i t e and chalco

p y r i t e i s lower. T i s i n d i c a t e s t h a t the a d d i t i o n of HgSO^ 

improves the recovery of the three m i n e r a l s , but depresses 

the g o l d . 
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TEST 6. 

To Du p l i c a t e Test 5,: But Using More Sulphuric A c i d , 

Charge t o B a l l M i l l Ore - 1000 gms. 
Water - 1000 gms. 
KCN 0.1 ft / t o n 
Lime - 2,0 ft / t o n 

Grinding Time - 20 minutes . 

C e l l Concentrate 1. 

Added - C r e s y l i c A c i d 0.108 ft / ton 

A e r o f l o a t f 15 0.458 ft / t o n 

Conditioned - 2 minutes 

Skimmed - 10 " ^ 

pE - 8.68 

The f r o t h was weak; bubbles were d i r t y and not strong. The 

f r o t h .was- s i m i l a r t o t e s t ft5,'G 1, except t h a t bubbles were 

cleaner a t t h e end. 

Concentrate 2. 

Added - CuS0 4 1.0 ft / ton ' 

Conditioned - 2 minutes • . .. • 

Skimmed - 10 " 

pE - 8.18 

The f r o t h was weak and d i r t y , s i m i l a r t o Test ft5, C. 2. 

Concentrat e 5. 
Added - Pine O i l 0.8 ft / t o n 

• ft 208 0.02# / ton 
1:1. E 2 S 0 4 10 c.c. 

Conditioned - 2 minutes 

Skimmed - 15 " 

:.' pH - 3.67 



At f i r s t , obtained f r o t h of b i g , h e a v i l y armored bubbles, 

but a f t e r two minutes, the bubbles became s m a l l e r , even, -well-

armored and p e r s i s t e n t . This was the most p e r s i s t e n t f r o t h so 

f a r obtained i n the t e s t s . 

Concentrate 5 B. 

Skimmed - 12 minutes 

pH - 3.67 

Got a tough, p e r s i s t e n t f r o t h * of s m a l l , h e a v i l y armored 

bubbles at f i r s t , but i t r a p i d l y weakened, and a t the end, was 

very weak. 

Concentrate 4. 

Skimmed - 13 minutes 

pH - 4 

The f r o t h was poor. The bubbles were s m a l l , weak and 

d i r t y , and c a r r i e d l i t t l e m i n e r a l . 

RESULTS. 

1 ; \ AU CU FE A§ AU CU FE.. Ag 

Cone. Wght. % of Au ' Cu Fe As 'Au. ' Cu * Fe ' Asx ' 
Feed oz/ton % % % Rec Rec Rec ; Rec. 

1 31.6 3.1 2.64 5.8 38,7 6.8 20.2 39.2 4.0 2.6 

2 17,5 1.7 0.80 0.8 33.3 7.1 3.4 3.0 1.8 1.4 

3 602.2 58.9 0.44 0.32 37,1 11.7 64.8 41.0 71.1 83.1 

3b 55.2 5.4 0.32 0.40 35.8 8.8 4.4 4.7 6.3 5.8 

4 11.9 1.1 0.32 0.83 28.8 5.1 1.0 2.2 1.1 0.7 

T 304.1 29.8 0.08 0.15 16.3 1.8 6.0 9.9 15.7 6.4 

1022.5 100.0 100.0 100.0.100.0 



Gone. Grade Grade Grade E e c , ". Rec. Rec. 
Arseno- Chalco- P y r i t e Ar.- Chalco- P y r i t e 
p y r i t e p y r i t e . p y r i t e p y r i t e 

1 14.8 16.6 54.1 2.6 39.2 .3.6 
2 15.4 2.3 51.7 1.4 3.0 1.9 
3 25.4 0.9 53.2 83.1 41.0 68.5 
3b 19.1 1.1 54.5 •5.8 4.7 6.5 
4 11.1 2.4 45.8 0.7 2 • 2 1.2 
T 3.9 0.4 28.1 6.4 9.9 18.3 

100.0 100.0 100.0 

Conclusion. 

j l n a h i g h a c i d c i r c u i t , most of t h e mineral was brought up. 

The jgrade of the p y r i t e , arsenopyrite., and c h a l c o p y r i t e ^ was 

not improved i n concentrate 3; the higher recovery i s due to 

the increased bulk of the concentrate. The gold content of • 

the concentrate was lower, showing t h a t gold i s depressed i n an 

a c i d c i r c u i t . 
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TEST 7. 

To Test C o l l e c t o r s # 208 and # 501. and Frot h e r Pine O i l . 

Charge t o B a l l M i l l , Ore 1000 gms. 
Water- 1000 gms. 
lagCOg 4 # / t o n 

SON 
# 208 

0.1 # / t o n 
0.05# / t o n 

C e l l 

Added 

Conditioned 

Skimmed 

pH 

Grinding Time 

Concentrate 1. 

Pine O i l 

2 minutes. 

- 30 " 

7.82 

20 minutes, 

0.68 # / t o n 

For t h e f i r s t minute, the bubbles were s m a l l , and the 

f r o t h weak and d i r t y . Then got a f r o t h of l a r g e and small 

bubbles, which were ov e r - m i n e r a l i z e d . A f t e r f i f t e e n minutes, 

the froth'was much b e t t e r ; i t had j u s t the r i g h t p e r s i s t e n c e , 

the bubbles were of medium s i z e and not too h e a v i l y m i n e r a l 

i z e d . 

Concentrate 2. 

Added - # 3 0 1 

Conditioned - 2 minutes 

Skimmed , - 15 " 

0.07 #,/ t o n 

pH 7.68 
o 

The. Bubbles were not as l a r g e as i n Concentrate # 1, but 

were w e l l - m i n e r a l i z e d . The f r o t h was the r i g h t consistency. 



Concentrate 3. 

Added 1:1 H 2 S 0 4 3 c.c. 

Pine O i l 0.34 # / t o n 

Conditioned - 2 minutes 

Skimmed ' 6 11 

pH - 4.82 

The f r o t h was good; the bubbles,were small but d i d not 

,carry much m i n e r a l . 

RESULTS. 

AU CU FE AS Au" CU FE AS 

Cone. Wght. % of Au Cu Fe As Au Cu Fe As 
Feed oz/ton % % " % Rec Rec Rec Rec 

1 438.1 42.3 0.52 0.77 34.9 11.4 67.8 76.0 50.9 60.8 

2 232,4 22.4 0.32 0.14 36.6 8i8022.0 7.6 28.3 24.9 

3 31.7 3.1 0.24 0.09 33,3 9.3 2.3 0.7 3.5 3.5 
T 332.5 52.2 0.08 0.21 15.8 2.7 7.9 15.7 17.3 10.8 

1034,5 100.0 100.0 100.0 100.0 100.0 

Conclusion. The r e s u l t s ^show t h a t # 208 has more e f f e c t on gold and 

c h a l c o p y r i t e than # 3 0 1 . There i s l i t t l e d i f f e r e n c e i n the 

c o l l e c t i n g powers of the two reagents on a r s e n o p y r i t e and 

p y r i t e . 
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TEST 8. 

To Duplicate Test 7, Using C r e s y l i c A c i d as a F r o t h e r . 

Charge t o B a l l M i l l Ore - 1000 gms. 
Water - 1000 gms. 
Na 2C0 3 - 4 #/"ton 

KCN - 0.1 # / ton 
# 208 - 0.05 # / ton 

Grinding Time - 20 minutes. . . 

C e l l . Concentrate 1. 

Added - C r e s y l i c A c i d 0.11 # / t o n 

Conditioned - 2 minutes 

Skimmed - 30 " 

pH - 8.74 

For the f i r s t minute, the bubbles were d i r t y ; then f o r 
x 

the nest t e n minutes, the f r o t h was e x c e l l e n t . The bubbles were 

of medium s i z e , and not too w e l l - m i n e r a l i z e d , w h i l e the f r o t h 

had j u s t the r i g h t p e r s i s t e n c e . A f t e r t e n minutes, the f r o t h 

g r a d u a l l y weakened, and t h e bubbles became l e s s m i n e r a l i z e d . 

Concentrate 2. 
Added - # 301 0.07 # / t o n 

Conditioned - - 2 minutes 

Skimmed - 15 " 

pH - 8-03 

For the f i r s t minute,a t h i c k s i l v e r y scum was formed. 

Then got a f r o t h composed of l a r g e , m i n e r a l i z e d bubbles, which 

g r a d u a l l y became l e s s m i n e r a l i z e d . The bubbles at f i r s t ^ . were 

l a r g e , but g r a d u a l l y became smaller, then increased i n s i z e 

towards the end, and became very weak. 



8§» 

RESULTS. 

AU CU FE AS AU CU FE AS 
Cone. Tight. % of 

Feed 
Gold 
Oz/t. 

Cu. 
on % 

Fe As 
: % % 

Au ' Cu 
Rec Rec 

Fe 
Rec 

As 
Rec 

1 355.4 , 35.3 0.88 0.98 35.1 11.3 76.0 83.5 41.5 48.9 
2 288.0 28.6 0.24 0.07 35.8 9.2 16.8 5.2 35.2 32.2 
T . 363.5 36.1 0.08 0.13 18.7 4.31 7.2 11.3 23.3 18.9 

1006.9 100.0 100.0 100.0 100,0 100.0 

FeAsS CuFeS 2 -FeS* . FeAsS EuEeSo FeSp 
Cone. Percent 

Arseno
p y r i t e 

Percent 
Chalco-
p y b i t e 

Percent Recovery Recovery 
P y r i t e Arseno- Chalco-

p y r i t e p y r i t e 

Recovery 
P y r i t e 

1 24,6 2.8 48.6 '. 48.9 83.5 39.7 
2 20.0 0.2 54,5 32»2 5.2 36.0 
T 9.4 0.4 29.1 '18.9 11.3 24.3 

100.0 100.0 100.0 

Conclusion. 
Both pine o i l and c r e s y l i c A c i d produce food f r o t h s ; the 

. c h i e f d i f f e r e n c e between the two i s t h a t c r e s y l i c a c i d has 

more c o l l e c t i n g power t on gold and c h a l c o p y r i t e . 
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TEST 9. 

To Duplicate Test fc, Using Aero-float # 15 as a F r o t h e r . 

Charge t o B a l l M i l l Ore 1000 gms. 
Water 1000 gms. 
Ka 2 C 0 3 '4.# / t o n 

KCN 0.1 # / ton 
# 208 0.0.5 # / t o n 

C e l l 

G r i n d i n g Time - -' 20 minutes. 

Concentrate 1. 

Added . — ' A e r o f l o a t # 15 0.088 f / t o n 

Conditioned - 2 minutes 

Skimmed - 30 . " 

pH - 8.83 

For t h e f i r s t minute the bubbles were small and weakj 

then a tough, o v e r - p e r s i s t e n t f r o t h formed. The bubbles 

were over-mineralized, and g r a d u a l l y increased i n s i z e u n t i l , 

a f t e r f i f t e e n minutes, they were the r i g h t s i z e . At t h i s 

p o i n t , both the f r o t h and bubbles were good, and stayed t h a t 

way u n t i l the end of skimming. However, the bubbles grad

u a l l y became l e s s m i n e r a l i z e d . 

Concentrate 2. 

Added # 301 0.07 # / t o n 

Conditioned - 2 minutes 

Skimmed - 15 " 

pH - 8.05 



40. 

In the f i r s t minute, a thick scum of mineral formed, 

the bubble3 gradually formed, some of them large and heavily min

eralized. The froth was over persistent, The bubbles reduced 

in size u n t i l of medium size, and mineralization lessened;, but 

the froth was too tough the whole time, 

RESULTS 

Cone, Wght. foot Au Cu ...-Fe;.' As Au Cu Fe As 
Feed oz/ton $ ... % % Rec Rec Rec Rec 

1 358,4 34.8 0.56 1.05 55,0 11.90 56.5 91.8 42.3 50.2 

2 248.1 24.1 0.08 0.07 37,4 9.5 3.6 - 31.4 27 c6 

T 422,0 41.1 0,32 0,05 18,5 4.5 58.0 4,6 26.3 22 #2 

1028.5 100.0 100<,0 100.0 100,0 100 eo 

Cone, Grade 
; Arseno

pyrite 

Grade 
Chalco
p y r i t e 

Grade 
Pyrite 

Rec.; 

Arseno
p y r i t e 

Rec. 
Chalco
p y r i t e 

Rec. 
Pyrite 

1 25.0 3.0 47.7 50.2 91.8 39.5 

2 20.7 0.2 57.0 27.6 3.6 32.6 

T 9.8 0.2 28.7 22,2 4.6 27.9 .. 
100.0 100.0 100. 0 

Conclusion. Aerofloat #15 does not appear to be as satisfactory a 

frother. It produced an excellent froth, but the cresylic 

acid produced a better froth and collected more gold, 
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TEST 10. 

To Add # -gOl to t h e - B a l l M i l l Instead of # 208, 

Charge t o B a l l M i l l Ore 
Water 
Wa 2C0 3 

KCU 
# 301 

1000 gms. 
1000 gms. 
4 # / ton 

0.1,# / ton 
0.05 if / ton 

Grinding Time 20 minutes 

C e l l Concentrate 1. 

Added 

Conditioned 

Skimmed 

A e r o f l o a t # 1 5 

2 minutes 

30 " 

8.82 

0.088 # / ton 

For the f i r s t minute, the bubbles were s m a l l , weak and 

d i r t y . For t h e r e s t of the time,the f r o t h and'bubbles were, 

on the whole ?good, although the bubbles were s l i g h t l y over-

m i n e r a l i z e d . 

Concentrate 2. 

Added 

Conditioned 

Skimmed. - 15 " 

pH - 8.4 

Aerofloat # 15 
#208 
2 minutes 

0.44 # / ton 
0.07 # / t o n 

The f r o t h had the r i g h t p e r s i s t e n c e , the bubbles .were of 

medium s i z e and l i g h t l y m i n e r a l i z e d . 



RESULTS. 

AU CU FE AS AU CU FE AS 

Cone., Wghb. Percent Au oz Cu Fe As Rec Rec Rec Rec 
of Feed / t o n % %. % Au Cu Fe As 

1. 206.2 20.1 0.78 1.64 35.2 9.4 52.7 77.0 24.1 25.7 

2. 82.8 8.1 0.32 0.43 33.3 9.9 8.7 8.0 9.2 10.7 

T. 757.0 71.8,; 0.16 0.09 27.3 6.6 58.6 15.0 66.9 -63.6 

1026.0 100.0 100.0100.0 100.0 100.0 

FeAsS CuFeS ? FeS P FeAsS CuFeSg FeS g 

Cone. Sfrade Grade Grade Rec. Rec. Chalco- Rec. 
Arseno- Chalco- P y r i t e Arseno- p y r i t e P y r i t e 
p y r i t e p y r i t e p y r i t e  

1 20.5 4.7 50.0 25.7 77,0 23.3 

2 21.5 1.2 48.3 10.7 8.0 9.0 

T 14.4 0.3 40.5 63.6 15.0 67.7 

100.0 100.0 100.0 

Conclusions, 

-. #301 brought up more gold and c h a l c o p y r i t e than # 208. 

# 208nhas more c o l l e c t i n g power on arseno p y r i t e than # 301. 
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TEST 11. 

To Attempt t o Get a Bulk Concentrate. 

Charge t o B a l l M i l l . 

G r i n d i n g Time 

C e l l Concentrate 1. 

Added - A e r o f l o a t # 15 .068 # / ton 

Conditioned - 2 minutes 

Skimmed - 30 " 

pH - 8.63 

At f i r s t tine bubbles and f r o t h were good, then the 

bubbles became too lafcge end overmineralized, and the 

f r o t h too tough.' The f r o t h g r a d u a l l y weakened,so a f t e r 

f i f t e e n minutes, one drop of A e r o f l o a t # 15 was added. 

Thefroth and bubbles were good u n t i l the end of skimming. 

Ore 1000 gms. 
Water 1000 gms. 
Wa2C03 4 # / ton 

0.1 # / t o n 
0.05 # / t o n 
0.05 f / ton 

20 minutes. 



RESULTS. 

' Cone. Wght. % of Gold Cu Pe As Au Cu Fe AH 
Feed oz/ton % % % Rec Rec Rec Rec 

1 580.1 58 0.54 0.65 36.8 11.0 90.3 89.9 71.0 76.3 

T 423.7 42 0.08 0.10 20.3 4.7 9.7 10.1 29.0 23.7 

1003.8 100.0 100.0 100.0 100.0 

Cone. Grade Grade Grade Rec. Rec. Rec. 
Arseno- Chalco- P y r i t e Arseno- Chalco- g y r i t e 
p y r i t e p y r i t e p y r i t e p y r i t e • : 

1 23.9 1.5 53.2 76.3 89.9 69.8 

T 10.2 0.2 31.5 23.7 10.1 50.2 

100.0 100.0 100.0 

Conclusion. 

The t e a t shows t h a t a b u l k concentrate, c o n t a i n i n g 
•fif+y-<M<j.f1Kse) 

n i n e t y per cent of the gold i n SB per cent of the feed, can 
be obtained. 
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TEST 12. 

To Test the E f f e c t of High A l k a l i n i t y . 

Charge, to B a l l M i l l . Ore 
Water 
NaOH 

• • • # 208 

Grinding Time , - 20 minutes. 

C e l l - Concentrate 1. ' 

Added - Aerof l o a t # 15 0.044 # / ton 

Conditioned -. 2 minutes 

Skimmed - 30 " 

pH — .12.0 

At f i r s t a very tough d i r t y f r o t h of t i n y bubbles 

formed. The hubbies s l o w l y became l a r g e r and more m i n e r a l 

i z e d , u n t i l they were of medium s i z e . The f r o t h at f i r s t , 

was o v e r - p e r s i s t e n t j l a t e r i t improved, but was not s a t i s 

f a c t o r y at any time. 

Concentrate 2. 

Added - #301 0.07 # / t o n 

• 1:1 H SO^ s u f f i c i e n t t o b r i n g 
down the pH. 

Conditioned - 2 minutes 

Skimmed - 25 # 

pH - 9.42 

A s i l v e r scum coated the surface of the pulp. L i v e r bubbles 

completely coated w i t h mineral^, formed, and the f r o t h was over-

p e r s i s t e r i t . Bubbles g r a d u a l l y decreased i n s i z e , and became l e s s 

m i n e r a l i z e d u n t i l a f t e r e i g h t minutes the m i n e r a l i z a t i o n was 

sa/tisf a c t o r y . 

1000 gms. 
1000 gms. 

• 6 # / ton 
0.05 # / ton 
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RESULTS. 

AU CU F$ AS AU CU FE AS 

Cone . Wght. % of Gold Cu 
Feed oz/ton % 

Fe 
% . 

As Au 
% Rec 

Cu 
Rec . 

. Fe As 
Rec Rec 

1 254.4 24.8 0.64 1.45 35.3 10.4 45.6 82.3 29.i 8 30.8 
2 447.4 43.7 0.32 0.14 37.1 10.7 40.0 14.4 55.0 55.5 
T 321.9 31.5 0.16 0.05 14.2 3.7 14.4 3.6 15«2 i 3 © 7 

1023.7 100.0 100.0 100.0 100.0 100.0 

FeAsS CuFeS2 FeSp FeAsS CuFeSg FeS 9 

Cone » Grade Grade 
f P y r i t e ^ P y r i t e 
Arseno- ^Chalco-

Grade 
P y r i t e 

Rec. 
A'rseno-
p y r i t e 

Rec. 
Chalco
p y r i t e 

Kec. 
Pyrnfc e 

1 22.6 1.8 51.0 30.8 82.3 29.4 
2 23.3 0.9 54.5 55.5 : 14.1 55.2 
T 8.1 0.4 21.1 13.7 3.6 15.4 

100.0 100.0 100.0 

Conclusions. 
High a l k a l i n i t y does not improve the recovery, and the 

t e s t shows t h a t t h e r e i s no tendency f o r p y r i t e and arseno

p y r i t e t o separate. 
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TEST 13. 

To Clean Bulk Concentrate. 

Charge t o B i l l M i l l Ore 1000 gms. ;| 
Water 1000. ems. h| 
Wa 2C0 3 4 ft / t o n 'i 

ft 208 0.05 ft / ton 
ft 301 0.05 # / ton iHi 

Gri n d i n g Time - 20 minutes. iiH 

C e l l Concentrate 1. 
Added - Aerof l o a t ft 15 0.088 # / t o n ft' 

( t o t a l ) !)| 

Conditioned - 2 minutes 

Skimmed 30 " . . il 

jbH - 8.63 III 
The f r o t h was weak and d i r t y f o r the f i r s t minute; then 

l a r g e , over-mineralized bubbles and o v e r - p e r s i s t e n t f r o t h 

formed. The f r o t h g r a d u a l l y weakened and the hubbies became 

l e s s m i n e r a l i z e d . A f t e r 15 minutes, one drop of A e r o f l o a t 

ft 15 was added, and a good f r o t h of l i g h t l y armored bubbles 

of medium*size was obtained. 

Concentrate I. Cleaned 

Added 

Pulp d i l m t i o n 4:1 ( roughly ) 

. Skimmed 6 minutes 

pH 7.7 , 

Large, tough, h e a v i l y - m i n e r a l i z e d bubbles formed, but 

they g r a d u a l l y decreased i n s i z e and load of m i n e r a l . 



Mi 

Cleaner Concentrate 2, 

Added - Aerof l o a t # 15 0.044 # / ton 

Conditioned - 2 minutes 

Skimmed - 4 " 

pH _ 8.0 

The f r o t h was f a i i b l y tough; the bubbles were s m a l l , 

and not n e a r l y as h e a v i l y m i n e r a l i z e d as those of the 

previous concentrate. 

Cleaner Concentrate 3. 

Added - Aerof l o a t # 15 0.044 # / ton 

Conditioned - 2 minutes 

Skimmed - 6 " 

pH - 7.80 

A good f r o t h of s m a l l , l i g h t l y m i n e r a l i z e d bubbles 
was obtained. 

RESULTS. 

AU FE AS AU FE 
Cone. Wght. % of Cold Fe As Au Fe 

Feed oz/ton % % Rec» Rec. 
CI 

CC1 263.2 23.1 0.76 34.8 8.0 46.2 28.6 
CC2 72.8 7.1 0.60 31 * 5 11,2 8.0 
CC3 52.1 5.1 0.48 33.9 6.4 6.2 
COT 68.6 6.7 0.32 30.8 5.7 7,4 
T 591.6 58.0 0.20 24.1 30.5 49.8 

1021.3 100.0 100,0 100.0 



Conclusion, 

This attempt to get a c l e a n concentrate from a 

bulk concentrate was u n s u c c e s s f u l , as the c o n d i t i o n s 

were not r i g h t f o r depressing e i t h e r p y r i t e or arseno

p y r i t e . 



Test 14. 

To Get A Bulk Concentrate Using Z-6 (Pentasol Xanthate)  

As A C o l l e c t o r . 

Charge t o B a l l M i l l Ore 1000 gms. 
•, Water 1000 ems. 

Na 2C0g 4 ft /ton 

C e l l Concentrate 1. 

Added - Z-6 0.12 ft/ t o n 

A e r o f l o a t ft 15 0.088 # / t o n 

Conditioned - 2 minutes 

. . Skimmed 28 " 

pH - 8.98 
A goo€ f r o t h of w e l l m i n e r a l i z e d bubbles was obtained. 

RESULTS. 

/ AU : FE AS . AU FE 

Cone. Wght. % of Gold Fe As Rec Rec 
Feed oz/ton % % Au Fe 

1 456.5 45.2 0.62 34.3 8.9 76.4 55.8 
T 554.5 54.8 0.16 22.4 25.6 44.2 

1010.8 100.0 10.0.0' . 100.0. 

Conclusion. 

Z-6 i s not as s a t i s f a c t o r y a c o l l e c t o r as the combination 

of ft 208 and ft 301, as only seventy-six per cent of the gold 

was brought up i n f o r t y - f i v e per cent of the feed. 



TEST 15. 

To Get A Blanket Concentrate. 

Charge t o B a l l M i l l " Ore' 1000 gms, 
Water 1000 gms. 

Time of Grinding - 20 minutes. 

The charge from the b a l l m i l l was washed over a 

corduroy b l a n k e t . 

Cone. Wght. % Feed Au. oz Au 
' / t o n . Recovery 

1 179.8 18 0.44 18.0 

Conclusion. 
The t e s t shows th a t i t i s impossible t o recover the 

gold by a b l a n k e t . 
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TEST 16. 

To; Get A Blanket Concentrate and Then F l o a t the Blanket T a i l i n g s . 

Charge to B a l l M i l l . 

Time of G r i n d i n g 

Concentrate 1. 

Ore 1000 gms. . 
Water 1000 gms. 
Na 2C03 .4 # / t o n 

KCN 0.10 # / t o n 

20 minutes 

The charge from the b a l l m i l l was washed over a corduroy 

b l a n k e t . The t a i l i n g s were f i l t e r e d , p u t . i n t o a c e l l and 

d i l u t e d 4:1. 

C e l l Concentrate 2. 

Added # 301 
A e r o f l o a t # 15 
1:1 HgS0 4 

0.10 # / t o n 
0.088# / to n 
0,7 C . C . 

(to lower the pH) 
Conditioned 

Skimmed 

pH 

- 2 minutes 

- 15 " 

6.9 

One drop of A e r o f l o a t # 15 produced a weak f r o t h , so one 

more drop was added. This produced l a r g e , h e a v i l y m i n e r a l i z e d 

bubbles a t f f i r s t ; , but they lessened i n s i z e and mineral burden 

u n t i l a f t e r three minutes, the f r o t h was good'. 

Concentrate 3. 

Added 

Conditioned 

Skimmed 

pH 

CuS0 4 

# 3 0 1 
A e r o f l o a t #15 

2 minutes 

12 " 

6.78 

1 # / t o n 
0.05 # / t o n 
0.044# / to n 



53, 

A good f r o t h of s m a l l , w e l l - m i n e r a l i z e d bubbles a.r f i r s t , 

was obtained© T$e bubbles remained s m a l l , but slowly weakened 

and became d i r t y . ' ; 

RESULTS, 

Cone. Wght. % of 
Feed 

Gold 
oz/ton 

Fe 
. %'-. 

As Au Fe 
% Rec% Reo% 

As 
Reofo 

C - l 236.5 24.5 0,44 27.3 
C-2 285.12 30.0 ; 0.68 38.8 11.3' 48.5 39.1 41,4 
C-3 114.9 X 2«X 0.38 38.7 9.0 10.7 15.7 13.2 
T 317.3 33,4 0.16 13.5 

954.4 100.0 

Conclusion, 

FJoating the t a i l i n g s of a blanket concentrate does not 

give any b e t t e r recovery of the gold than s t r a i g h t f l o t a t i o n . 
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TEST 17. 

To Use Sodium S u l p h i t e ( Na^O^ ) Instead of KGH i n the B a l l M i l l , 

Charge to B a l l M i l l 

Time of G r i n d i n g 

Ore 
Water 
'Na2C0g 

# 208 
it 301 
lagSOg 

1600 gms. 
1000 gms. 
4 $ / t o n 

0.05 # / ton 
0.05 # / t o n 
0.10 # / t o n 

20 minutes. 

C e l l Concentrate 1. 

A e r o f l o a t '# 15' 

2 minutes 

30 " 

Added 

Conditioned 

Skimmed 

pH 7.98 

The f r o t h was good, as were the bubbles. 

$ 15 'was added whenever the f r o t h got weak. 

RESULTS. 

0.32 ,# / ton 

A e r o f l o a t 

Cone. ?/ght. % Au - Fe As Au Fe . As 
Feed. oz/ton % % . Reo% Rec. Rec. 

1 510.7 51.0 0.68 39.2 10.8 81.1 66.2 70.8 

T 507.0 49.0 0.16 18.9 
1007.7 100.0 100.0 

Conclusion. The use of sodium s u l p h i t e ( JfaS '03 ) i n the b a l l m i l l 

i n s t e a d of potassium cyanide ( KCN ) does not improve the 

gold recovery.-



TEST 18. 

To Duplicate Test # 17, But Using More Sodium S u l p h i t e . 

Charge to B a l l M i l l ' Ore 
Water 
Na 2C0 3 

Na 2SO g 

f. 208 
# 301 

1000 gms. 
1000 gms. 
4 # / t o n 

1,0# / t o n 

0.05 # / t o n 
0.05 f / t o n 

C e l l Concentrate 1, 

Added 

Conditioned 

Skimmed 

pH 

0.132 # / ton 
( t o t a l ) 

A e r o f l o a t # 1 5 

2 minutes 

- 30 #• 

8.42 

The bubbles were small and d i r t y at f i r s t , then became 

w e l l m i n e r a l i z e d . They increased i n s i z e u n t i l q u i t e l a r g e , 

Whenever the .froth, became weak, # a e r o f l o a t # 15 was added. 

RESULTS. 

Cone. Wght. % 
Feed 

Au 
oz/ton 

Fe 
% 

As 
' % 

1 . 689.4 

425.7 

58.0 0.64 ~ 

0.14 

38 . 3 ,10.6 

Au 
Rec 

Fe 
Rec 

As 
Rec 

75.1 79.8 

1015.1 
,13,5 

100.0 

Conclusion. The use of an increased amount of sodium s u l p h i t e 

has no e f f e c t on the recovery of g o l d . 
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TEST 19. 

To Separate P y r i t e and Arsenopyrite at a Low pH. 

Charge to B a l l M i l l 

C e l l 

Time of Grinding 

Ore 
Water 
Na 2C0 5 

Efa 2S0 5 

, 20 minutes. 

Concentrate 1. 

Added . 

Conditioned 

Skimmed 

A e r o f l o a t # 15 
# 301 
H 2 S 0 4 (1:1) 

2 minutes 
7 " 
5.6 

1000 gms. 
1000 gms. 
4 # / ton 

1 # / ton 

0.088 if / ton 
0..10 4 / ton 
3.2 C . C © ' *. 

A good p e r s i s t e n t f r o t h of l a r g e , w e l l - m i n e r a l i z e d hubbies 

was formed. The bubbles became s m a l l e r ; a t end of s i x minutes, 
,. an 

more-Aerofloat jf 15 was added. I n attempt-to get a hig h grade, 

concentrate the time of skimming, was c u t dcnsn. 

Concentrate 2, 
Added A e r o f l o a t ir 15 

# 208 
CuS0 4 

0.044 f / ton 
0.05 #/ t o n 
1.0 # / t o n 

Conditioned 

Skimmed 

pH 

- 2 minutes 

5 " 

5,12 

The f r o t h was tough and composed of s m a l l , f a i r l y 

w e l l - m i n e r a l i z e d bubbles, which soon became c l e a n . 



1 ' 
RESULTS. 

'Cone, fight. %Feed Au Fe As Au Fe As 
: . oz/ton % % Rec. Rec. R e o. 

1 150.7 15.0 0.86 40.2 10,5 30.6 20.2 20.2 
z 144.3 14.3 0.56 38.1 6.8 , 19.0 18,4 X 2 ® 5 
T 71119 70.7 0.30 50.4 

1006.9 100.0 100.0 

Conclusion. 

In a h i g h l y a c i d c i r c u i t , there i s no separation of p y r i t e 
and a r s e n o p y r i t e . 



" .* TEST 20. 

To Try S e l e c t i v e F l o t a t i o n by Taking a P y r i t e Concentrate and 

then an Arsenopyrite Concentrate. 

Procedure - To f l o a t the p y r i t e w i t h a small amount of Potassium 

E t h y l Xanthate followed by a more powerful c o l l e c t o r 

f o r the a r s e n o p y r i t e . 

Charge t o B a l l M i l l - Ore 1000 gms. 
Water 1000 gms. 
NaC0 3 4 # / t o n 

Time of Gri n d i n g - 20 minutes 

Concentrate 1. 

Added - Pine O i l # 5 0.069# / ton 
Pot. 2 t h y l Xanthate 0.01# / ton. 

Gand4tul.ned - '2 minutes 

Skimmed 35 f~ 

pH - 8,17 

Got a good f r o t h of w e l l - m i n e r a l i z e d bubbles. 

Concentrate 2. 

Added - Pine O i l #'5 0.069 # / ton 
Z-6 0.40 # / t o n 
CuS0 4 1.5 # / ton 

Conditioned - 10 " 

pH - 8.15 

A p e r s i s t e n t f r o t h , d i r t y : w i t h small f a i r l y m i n e r a l i z e d 

bubbles, was obtained. 



RESULTS * 

'Cone. Wght » ^Feed Au 
oz/ton 

Fe 
% 

As 
% 

Au 
Reo 

Fe 
Reo 

As 
Rec 

1 320.0 32.0 0.62 40.4 10,5 63.2 40.1 47.3 

2 20.9 2.1 0.44 36.1 9,7 3.0 ' 2.4 3.6 

T 660,4 65.9 0.16 28.0 5.3 33.8 57.5 49.1 

100.0 100.0 100.0 

Conclusions, 

The attempt t o get a p y r i t e concentrate by u s i n g small amounts 

of a weak c o l l e c t o r was a f a i l u r e . P y r i t e and arsenopyrite are 

so s i m i l a r i n t h e i r f l a a t a b i l i t y t h a t t h i s method of separating ,. 

them was a f a i l u r e . 



* • TEST 21. 

To Get A Bulk Concentrate and Clean I t i n a High A l k a l i n e C i r c u i t . 

Charge t o B a l l M i l l Ore-due 1000 gms. 
Cyanide 0.1 # / ton 

.' Wa2C0g 4.0 # / ton 

Time of G r i n d i n g - 20 minutes. 

Bulk Concentrate 

Added - A e r o f l o a t # 15 - 0.088 # / ton 
# 208 - 0.05 f / Ton 
# 301 - 0.05 # / ton 

Conditioned - 2 minutes 

Skimmed 19 " 

pH - 8.63 

At f i r s t t h e bubbles were l a r g e , but soon improved, 

producing a good f r o t h of over-mineralized bubbles. 

Cleaning of Bulk Concentrate. ' ' 

The concentrate of 582.0 gms. was t r a n s f e r r e d t o the 

500 gm. c e l l and d i l u t e d t o 4s1 pulp d e n s i t y . Sodium hydroxide 

was added to r a i s e the pH t o approximately 11.0. I t was found 

t h a t t h e f i r s t a d d i t i o n brought the pH t o 12.5"*. As t h i s was 

too h i g h , a few dfops of s u l p h u r i c a c i d were added. This was 

a g i t a t e d f o r one minute and the pH was found t o be 11.5. 

E v i d e n t l y the a g i t a t i o n was i n s u f f i c i e n t as at the conclus

i o n of the run, the pH was 9.10. - ' 

Cleaner Concentrate 1. 

Added - KaOH & H 2 S 0 4 ( l ; l ) 

Conditioned - 1 minute Skimmed - 8 minutes 

pH ' - 9.10 

The f r o t h was good and the bubbles were w e l l m i n e r a l i z e d . 



•i Cleaner Concentrate 2. 

Skimmed - 35 minutes 

pH - 8.92 

This i s a c o n t i n u a t i o n of 1. The skimming TO.S continued 

u n t i l the bubbles were cleam. • 

Cleaner Concentrate 5. 

Added ' - - Aerof l o a t # 15- 0.044 # / ton 
# 301 0.01 ft / ton 

Conditioned - 2 minutes 

Skimmed -

This t e s t was abandoned due t o mechanical t r o u b l e , but 

the f r o t h was s i m i l a r ' t o 1 and 8. 

RESULTS, 

Cone. Wght. % Au oz Cu Fe As Au Cu Fe Au 
Feed / t o n % % %• Rec Rec Rec Rec 

CI 582.0 61.5 

681 114.4 12.1 6.78 1.44 38.5 12.8 28.8 40.2 15.7 20.0 

*CC2 149.5 15.8 0.64 0.95 38.9 15.5 30.8 34.8 , 20.8 27.7 

CC3 

CT 318.1 33.6 0.36 40.5 9.2 36.9 46.1 40,2 

T 565.5 38,5 0.03 13.1 2.4 5.5 017.4 12.1 

947.5 100.0 100.0 100,0 100.0 

Conclusion, This t e s t gave t h e best grade of a r s e n o p y r i t e . I t i n 

dic a t e s t h a t i n a h i g h l y a l k a l i n e c i r c u i t , p y r i t e i s s l i g h t l y 

more s e n s i t i v e t o a c o l l e c t o r than a r s e n o p y r i t e . However, the 

grade of arsenopyrite was s t i l l not h i g h enough to warrant being 

c a l l e d an arsenopyrite concentrate. 
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' * ^ TEST 22. 

To Duplicate Test # 4. Using H gS as the Gas Phase. 

Charge to B a l l M i l l Ore 1000gms. 
. . . Water 1000 gms. 

Lime 2 ft / ton 
KCN 0.10 ft / ton 

Time of Grinding - 20 minutes. 

Concentrate 

C e l l CresyMc A c i d 0.109 # / t o n 
; . .Aerofloat ~lt 15 0.044 # / ton 

# 301 . 0.05 ft / ton 

Conditioned 2 minutes 

As a non-mineralized f r o t h was obtained, 1.0 ft / t o n 

CuSO^ was added. This had no e f f e c t so an e x t r a 0.15 ft / t o n 

\ of if 301 was added. The f r o t h was s t i l l non-mineralized^ so 

t h e t e s t was abandoned. 

Conclusion. 

Hydrogen shlphide (H^S) f o u l s the s o l u t i o n by p r e c i p i t a t i n g 

sulphur, which coats the mineral p a r t i c l e s . This i s explained 

r by the equation 
+ 2- • ~ t 
(H) (S) = K 

The i o n i z a t i o n constant K i s low, so that a s l i g h t increase 

i n the c o n c e n t r a t i o n of the hydrogen i o n w i l l cause sulphur to 

p r e c i p i t a t e . The c i r c u i t i s a c i d , so there w i l l be an excess of 

hydrogen i o n s , and sulphur w i l l have to p r e c i p i t a t e i n order 

t h a t e q u i l i b r i u m be maintained. The coating of sulphur i n h i b i t s 

f l o & a t i o n . 



, , TEST'25. 

To Duplicate Test -jf '4, Using GO? as the Gas Phase. 

Charge t o B a l l M i l l Ore 1000 gms. 
Water 1000 gms. 
Lime 2.0 # / t o n 
K5U 0.10 # / t o n 

Time of Grinding - . 20 minutes. 

Concentrate 1.' 

C e l l C r e s y l i c A c i d 0.11 # / t o n 
A e r o f l o a t # 15 0.044 # / ton 
# 301 0.05 # / t o n 

Conditioned - 2 minutes 

Skimmed - 10 " 

pH - 6.67 

The f r o t h was weak and d i r t y w h i l e the bubbles were 

small and l i g h t l y m i n e r a l i z e d . 

Concentrate 2. 

Added - CuSO^ 1,0 # / ton 

Conditioned - 2 minutes 

i Skimmed - 10 " 

pH - 6.60 

The bubbles were small and l i g h t l y mineralized} the f r o t h 

was weak and d i r t y . 

Concentrate 5. 

Added - Pine O i l 0.08 # / ton 
# 301 0.02 # / ton 
H 2S04 3 c.c. of 1:1 

Conditioned - 2 minutes 

Skimmed 15 " 

pH - 3.30 



A good p e r s i s t e n t f r o t h w i t h f a i r l y w e l l - m i n e r a l i z e d bubbles 
was obtained. M i n e r a l i z a t i o n l a s t e d only a short time. 

Concentrate 4. 

Added C r e s y l i c A c i d 
B a r r e t t # 634 
Soap 

0.218 # / ton 
±0.25 #/.ton-
14.0 # / ton 

Conditioned 

Skimmed 

pH 

2 minutes 

- 7 ' # 

5.78 

At f i r s t the bubbles were l a r g e and h e a v i l y m i n e r a l i z e d . 

A f t e r f i v e minutes, they changed r a p i d l y , producing a good 

f r o t h of small c l e a n bubbles. The concentrate had a p e c u l i a r 
-f/occu I a Hon 

appearance as iS. some £isiai*©a was t a k i n g p l a c e . 

Cone. Wght. foof . Au Fe As Au Fe As 
Feed oz/ton % % Rec. . Rec. Rec. 

1 4.6 .45 0.88 33,0 5.65 1.1 0.5 0.5 

-2 1.8 .17 - 31.3 5.8 0.3 0.2 

3 11.0 1.09 0.44 35.9 7 , g 1.3 1.3 1.5 

4 24.8 2.47 0.33 26.8 5.1 2.2 2.1 2.1 
T 967.0 95.82 0.36 30,0 7.1 S95.4 95.8 96.7 

1009.2 100.0 
100.0 100,0 ,100,0 

Cone l u s i o n . The concentrates produced by using carbon-dioxide as the 

gas phase were of lower grade than those i n which a i r was used. 

The carbonMipxide i n s o l u t i o n formed carbonic a c i d , which -must 

have reacted w i t h the m i n e r a l s , and coated t h e i r surfaces w i t h 

carbonate, w i t h the consequent r e d u c t i o n i n f l o a t a b i l i t y . 
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CONCLUSIONS tOyaaidaUoa) 
* • 

Straight cyanidation i s the best method o f treating the ore. 

A recovery of s i x t y percent should be obtained without undue difficulty^-, 

and with a head o f 0.35 ounces of gold per ton, cyanidation may be com

mercial i f .carried out on a l a r g e scale® 

Fineness of grinding i s important. Tests i n d i c a t e that the 

recovery increases as the grind gets finer. The problem of grinding 

w i l l be economic, the c o s t o f g r i n d i n g should be balanced .against the 

recovery and the g r i n d g i v i n g the maximum p r o f i t should be chosen. 

The use of lime i n cyaniding the ore apparently i s not essen

t i a l , as the pulp i s naturally slightly alkaline; a t e s t ran without 

lime gave n e a r l y as good a recovery as a t e s t ran under the same con

d i t i o n s , but with lime added^. Litharge was found to decrease the c onsum— 

ption of lime and cyanide and the use of this reagent should be consider

ed i f a m i l l i s put into operation. I t may be found that litharge may 

more than pay for i t s e l f by decreasing the sonsumption of cyanide (and 

lime, i f used)• 

Roasting the ore without line previous to cyanidation increased 

the gold recovery slightly, but the higher recovery i s more than o f f s e t 

by the increase in the consumption of lime and cyanide. Roasting the 

ore with lime did not affect the recovery, although i t did not use as 

much lime and cyanide as r o a s t i n g without lime. It was concluded that 

roasting the ore before cyanidation does not improve the recovery suf

f i c i e n t l y to be worth considering. 

The use of bromocyanide (Br CN) also increases the gold re

covery, but the increase i n recovery i s not sufficient to warrant the 

use of this chemical. 
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It was found that oxidation of the ore decreases the gold 

recovery appreciably. Therefore, i f a m i l l i s built, care should be 

taken to see that the ore i s treated as soon as possible after being 

mined, Stoping methods in which the ore i s l e f t for any appreciable 

time i n the stopes, such as shrinkage stoping, should be avoided i f 

possible. 

From an economic viewpoint i t was decided that flotation and 

cyanidation i s not suitable. The costs of treatment xvill be greatly 

increased by the addition of a flotation plant, while the overall gold 

recovery w i l l be reduced. This w i l l not be balanced by the reduced 

costs of cyanidation. The flotation tests show that a bulk concentrate 

containing most of the gold could be obtained. It was also found that 

the greater the percent of the feed in the concentrate the higher the 

gold recovery. The best flotation test gave a recovery of ninety per

cent of the gold, but sixty percent of the feed was brought up. The 

cost of floating the concentrate plus the ten percent gold loss i n 

flotation w i l l not be offset by the saving i n the cost of cyaniding 

forty percent of the ore. 

METHOD OF CALCULATING GOLD REC OVERT 

The gold recovery was figured from the following ratio 

Head Assay,- Assay of Tailing 
Head Assay. 



68, 

NOTES ON THE CHEMISTRY OF CYANIDATION 
i 
"The f o l l o w i n g equations are b e l i e v e d to pepresent the a c t i o n 

i n d i s s o l v i n g gold and s i l v e r by cyanide, 

1. 2 Au f 4 KCN f 0 4- 2Hg)-^ 2 KAu (CN) g t 2K0H Eisne r ' s 
Equation. 

2. AggS f 4 KCN-^-2 KAg (CN) 2 f KgS. 

The r e a c t i o n f o r s i l v e r i s r e v e r s i b l e , the d i r e c t i o n depend

i n g on the amounts and concentrations of f r e e cyanide and s o l u b l e s u l 

phides present. To keep the r e a c t i o n going to the r i g h t , the s o l u b l e 

sulphides should be removed i n some form. 

THE FUNCTION OF OXYGEN 

Oxygen appears to be an i n d i s p e n s a b l e f a c t o r i n the d i s s o l 

u t i o n o f g o l d and s i l v e r by cyanide s o l u t i o n s (except the h a l o i d com

pounds o f s i l v e r ) , although i t i s not yet s e t t l e d whether the a i d i s 

d i r e c t o r i n d i r e c t . E i s n e r ' s Equation shows the a c t i o n o f oxygen to 

be d i r e c t , but other i n v e s t i g a t o r s b e l i e v e that the oxygen acts as a 

d e p o l a r i z i n g agent. 

Atmospheric oxygen i s g e n e r a l l y the most u s e f u l agent, and 

i n many instances s u f f i c i e n t can be absorbed by the s o l u t i o n to accom

p l i s h a l l t h a t i s necessary. Ores t h a t form a reducing pulp may need 

more oxygen than can be s u p p l i e d i n t h i s manner. 

The use of chemical o x i d i z i n g agents has not met w i t h much 

success, as they f i n d to o x i d i z e the cyanide t o cyanates, and a l s o 

because of thebir c o s t . They have been used f o r o x i d i z i n g a h i g h l y r e 

ducing pulp before c y a n i d i n g . Bromo cyanide i s an o x i d i z i n g agent 

th a t has met w i t h commercial success, but only i n the case of t e l l u n i d e s 

and arsenopyrite g o l d o r e s . 

1. Manual of Cyanidation - Hamilton. 
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EFFECT OF REDUCING AGENTS 

Since o x i d a t i o n i s an indispensable f a c t o r i n c y a n i d a t i o n , i t 

follows.,that the presence of reducing agents w i l l be harmful. They w i l l 

rob the pulp of needed oxygen and thus r e t a r d or prevent c y a n i d a t i o n . 

Reducing agents must be removed from the pulp before c y a n i d a t i o n . 

RATE OF DISSOLUTION IN CYANIDE SOLUTION 

The r a t e of d i s s o l u t i o n of metals i n cyanide s o l u t i o n i n 

creases w i t h r i s e o f temperature u n t i l 85°C, and then decreases s l i g h t l y 

up to the b o i l i n g p o i n t . However, the decomposition of " f r e e " cyanide 

i n c r e a s e s w i t h r i s e i n temperature, and t h i s may o f f s e t any advantage i n 

the g a i n i n d i s s o l u t i o n . 

I t i s found t h a t the r a t e of d i s s o l u t i o n of gold increases 

r a p i d l y as the s t r e n g t h of s o l u t i o n i n c r e a s e s . I f the time f a c t o r i s not-

considered, the most e f f i c i e n t s trength of s o l u t i o n ranges from 0.07$ 

to 0.09$. However i t i s advisable to keep the s t r e n g t h of s o l u t i o n at 

a minimum c o n s i s t e n t w i t h good recovery, as i n s t r o n g s o l u t i o n s , the 

chemical and mechanical l o s s of cyanide i s much g r e a t e r . 

EFFECT OF ROASTING ON CYANIDATION 

Roasting an ore at an optimum temperature sometimes considerably 

increases the gold and s i l v e r recovery by c y a n i d a t i o n . Above the optimum 

temperature, i f a r s e n i c and antimony minerals are present, arsenates and 

antimonates are formed, which l o c k some of the gold, and lower the r e 

covery. Below the optimum temperature, the ore i s not e f f e c t e d s u f f i c 

i e n t l y to increase c y a n i d a t i o n . However, at the optimum temperature, 

some of the a r s e n i c , antimony and sulphur v o l a t i l i z e , l e a v i n g the charge 

s u f f i c i e n t l y porous f o r the cyanide to penetrate. I t i s best to add 
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some element t o ensure t h e ' v o l a t i l i z a t i o n . Charcoal w i l l form a r e 

ducing atmosphere, the carbon monoxide and d i o x i d e w i l l c a r r y away the 

v o l a t i l i z e d a r s e n i c , antimony and sulphur, and a t the same time prevent 

what i s l e f t forming arsenates and antimonates. 



TEST 24. 

To Cyanide the Ore, 

Charge t o B a l l M i l l Ore 
Water 
Lime 
Cyanide 

5000 gms. 
5000gms. 
10 # / ton 
5 $ / t o n 

Time of Grinding 20 minutes. 

Cyanidation Pulp Density 3:1 

Time of Cyanidation 48 hours. 

Lime Consumption.  

Lime added Lime Recovered 

2.5 gms. T i t r a t e d , 25 c.c. at 0.035 % — 0.00875 gms 

" , 25c.c. at 0.028 % -- 0.007 gms 

L e f t at f i n i s h , 1450 c.c, at 0.029^ - 0.402 gms 

1500 c.c. 0.417 gms 

Lime l e s t a 2.5 - 0.42 = 2.08 gms. 

Lime consumption / t o n of ore = (2000)(2.08) - 8.32# 

500 

Cyanide Consumption. 

KCU recovered. 

T i t r a t e d , 25 c.c. at ,005 % .00125 gms. 

" , 25 c.c. at .285 % — .071 gms. 

L e f t at finish,1450 c.c. at .19 % —2.755 gms. 
9 

1500 c.c. 
K8H l o s t — = 10 - 2.84 - 7*16 gms. 

EON added 

5 gms. 

5 " 
•;, 

10 gms. 
2.837 gms. 

KCH consumption » 7.16 # / ton of s o l u t i o n . 

Au recovery — 59.1 % 



Conclusion, 

A f i f t y - n i n e per cent of gold can be e f f e c t e d by 

c y a n i d a t i o n , w i t h moderate consumption of cyanide and li m e . 



TEST 25. 

To Roast the Ore a t a Low Temperature and ThenCyanide. 

Roasting. . Temperature of Roasting 475° C. 

Time of Roasting 2 hours 

Wght. of charge before r o a s t 9 5G0 gms. 

" 11 a f t e r " ,437.8 gms. 

% 'loss i n weight 12.4 % 

The roasted.charge was thoroughly mixed w i t h lime 

' ( 16 # / t o n >, moistened, and allowed t o stand f o r 

f o r t y - e i g h t hours; then i t was cyanided, 

Gyanidation. Pulp d e n s i t y 3:1 . 

Time of c y a n i d a t i o n 48 hours 

Lime Consumption.  

Lime added Lime Recovered. 

4.0 gms. T i t r a t e d , 25 c.c. at .004 % — 

2.2 gms. " , 2 5 c.c. at .041 % 0.0102 gms 

2.2 gms. L e f t at f i n i s h , 1 2 6 3 c.c. at .04 % 0.5052 gms 

8.4 gms. 1313 c.c. 0.5154 gms 

Lime consumption - 8.4 - 0.52 s 7.86 gms. 

. Lime consumption / t o n of ore : 2000X 7.88 = 36.0 ft 

437.8 

Qyahi-ciQ Consumption. . 

KCN added Titre.hed, 25 «1@S :R^e@vtr^d* . 
4.4 gms. T i t r a t e d , 25 c.c. &.% 0.0 % a 0.000 gms. 

8.8 gms. ft , 25 c.c. at 0 . 4 ^ = 0.100 gms. 

13.2 gms. L e f t at finish,1263 c.c. at .18 % z 2.318 gms, 

2.418 gms. 



KCN consumed = 13.2 - 2.42 = 10.78 gms. 

KCN consumption / t o n of s o l u t i o n » 2000 x .10.78 = 12.32 # 

1751 

Au recovery — 61.4 % 

Conclusion. Low temperature r o a s t i n g d i d not increase 

the recovery of gold enough t o warrant the increased cost 

of t h i s method of t r e a t i n g t h e ore. 
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TEST'26. 

To - Make A Bulk Concentrate and Then Cyanide I t . 

Charge t o B a l l M i l l Ore 
• Water 

lagCOg 

KCH 
203 

. . . # 3 0 1 

Time of Grind - ' 20 minutes. 

F l o t a t i o n . 

C e l l Concentrate 

Added - A e r o f l o a t # 15 - 0.132 # / t o n 

Conditioned - 2 minutes ; , 

Skimmed - , 3 0 " 

pH - 8.63 

A good p e r s i s t e n t f r o t h of w e l l - m i n e r a l i z e d bubbles was 

obtained. 

:l Gold recovery — 88.Z% 

Cyanidation. 

Time of Cyanidation - 48 hours 

f u l p d e n s i t y - 3 s l 

Consumption - Lime - 8.1 # / torn -
KCN - 3.05 # / ton 

Gold recovery f o r , C y a n i d a t i o n - 61.3$ 
O v e r a l l g o l d recovery . - - 54.0 % 

Conclusion. Cyanidation of a bulk concentrate i s not economical, 

as the t o t a l gold recovery i s lowered, w h i l e the cost of t r e a t 

ment would be con s i d e r a b l y increased, by the a d d i t i o n of a 

f l o a t a t i o n p l a n t . 

1000 gms. 
1000 gms. 
4 # / t o n 

0.10 # / ton 
0.05 f / ton 
0.05 # / ton 



TEST 27. 

To Make A- Bulk Concentrate f o r a. Future Cyanide Test. 

Charge t o B a l l M i l l , 

Time o f Grind 

Ore 
Water 
ffagGOg 

KCN 
ft 208 
ft 301 

20 minutes. 

1000 gms. 
1000 gms. 
4 %• / ^ o r i 

0.10 ft / t o n 
0.05 ft / t o n 
0.05 ft / t o n 

C e l l Concentrate 

Added 

Conditioned 

Skimmed 

pH 

A e r o f l o a t ft 15 

2 minutes 

30 » 

8,63 

0.132 

Concentrate 

T a i l i n g s 

670.0 gms. 

355.2 gms. 

1025,2 gms. 

Gold Recovery - 89.0 % 



TEST, 28.. 

To Test the E f f e c t of Litharge'on Cyanidation 

Charge i n B a l l M i l l 

Time of g r i n d i n g 

Ore ' 500 gms. 
Water 500 gms., 
KCN 5 ft / t o n of s o l . 
Lime 15 ft / t o n of ore 
L i t h a r g e 1.5 ft / t o n of ore 

20 minutes. 

Time -of Cyanidation. 

Pulp d e n s i t y 

48 hours 

3 s l 

Consumption 

Lime 

KCN 

S o l d Recovery 

9.64 ft / ton 

1.72 ft / t o n 

56.8 % 

Conclusion. 
r ec( u c e 3 

L i t h a r g e c o n s i d e r a b l y jaaoroasoc the consumption of lime 

and cyanide, probably because of i t s weak o x i d i d i z i n g power. 
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TEST 29, 

To Test The E f f e c t of L i t h a r g e on Cyanidation u s i n g 

Less Lime than Test 24. 

Charge to B a l l M i l l . Ore 500 gms. 
.. _ Water 500 gms. 

Lime 5 # / t o n 
KCN 5 # / t o n , 
Li t h a r g e 1.5$ / t o n 

Time of Gr i n d i n g - 20 minutes. 

Time of Cyanidation - 48 hours. 

Pulp Density - 3:1 

Consumption 

Lime - 3,12 # / t o n of ore 

KCIf - $,54# / t o n of s o l u t i o n 

Gold Recovery p 54.6 % 

Conclusion. 

L i t h a r g e again reduced the consumption of lime and 

cyanide. I f a c y a n i d a t i o n p l a n t i s i n s t a l l e d , the use of 

l i t h a r g e should be c a r e f u l l y considered. The use of l i t h 

arge may more than pay f o r i t s e l f i n the reduced consumption 

of lime and cyanide. 



TEST 30. 

To Roast the Ore i n Presence of Lime and then Cyanide. 

Roasting. Temperature - 550° C. 

Time of Roast - 2 hours 

Charge t o furnace - 500 gms. 

Wght. a f t e r r o a s t i n g - 452.8 gms. 

Loss in-weight - .47.2 gms. 

Per cent l o s s - 9.4 % 

Lime added - 5 ft / t o n ore 

The ore was d i s c p u l v e r i z e d t o -100 mesh and the lime 

added Before r o a s t i n g i n a reducing atmosphere. Before cy

a n i d a t i o n the lime was washed out and the ore reground f o r 

10 minutes i n a b a l l m i l l w i t h 500 gms. of water. 

C y a n i d a t i o n . Time of Cyanidation - 48hours. 

Pulp Density - 5:1 

Consumption. Lime 

KCN _ 

Cold Recovery 

10.5 ft / ton ore 

5.7 ft / ton s o l u t i o n . 

•56.9-

Conclusion. 

Roasting the ore w i t h lime d i d not a f f e c t the recov

ery much, and t h e r e f o r e t h i s type of treatment i s no good. 



TEST -31 

To Roast the Ore i n Presence of'More Lime than Test 26 and 

Then gyanjde. 

Roasting* 

: Temperature 

Time of Roast 1 

Charge t o ;furnace 

Weight a f t e r r oast 

Loss i n weight 

Per cent l o s s 

Lime added 

The ore was d i s c p u l v e r i z e d t o - 100 mesh and the 

lime added before r o a s t i n g i n a reducing atmosphere. 

Before c y a n i d a t i o n , the lime was washed out and 

the ore reground f o r 10 minutes i n a b a l l m i l l w i t h 500 gms. 

water. 

Time f o r Cyanidation. - 45 hours. 

Pulp Density. - 3:1 

NOTE. Due to an a c c i d e n t , the b o t t l e was broken and the t e s t 

was not f i n i s h e d . 

550 C. 

2 hours 

500 gms. 

460 gms. 

40 gms. 

8.0;.-$;'. 

25.0 # / t o n 
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T E S T 32 

To Test the e f f e c t of Bromooyanide on the Ore. 

Charge to B a l l M i l l .. Ore : 500 gms. 

Water 500 gms. 

Gri n d i n g Time - 20 minutes. 

Cyanidat i s n . • 

... Time of Cyaniding - 48 hours. 

Pulp Density - 3:1 

The ore was cyanided f o r 24 hours w i t h KCN and then 

f o r 24 hours more w i t h BrC¥ and KC1. The l a t t e r was added 

a f t e r the s o l u t i o n was 'reduced w i t h H^SO^ u n t i l excess 

a l k a l i n i t y of 0.008 %,wo.s reached. 

Consumption. 

Lime - 5.88 4f / t o n ore 

BrCK - 1.26 # / ton of s o l u t i o n 

KCH - 5.0 # / ton " . " 

Gold Recovery - 63.6 fo 

MOTE. When end of t e s t was reached, there was no BrCN 

l e f t . This t e s t wasrun as Test 35 age-in. 

.Conclusion. Bromooyanide increased t h e recovery of the gold. 

This i s probably due to t h e l i b e r a t i o n of a greater 

amount of f r e e cyanide. 



TEST 33. 

To Test t h e E f f e c t of Oxidation. 

Charge.to B a l l - M i l l . ' Ore 500 gms. 
Water 500 gms. 

Time of Gri n d i n g - 20 minutes 

A f t e r g r i n d i n g , the water.was f i l t e r e d o f f and the ore 

l e f t standing i n a moist c o n d i t i o n f o r f i v e days. 

Cyanidation* 

Time o f Gyanidation - 48 hours. 

Pulp density- - 3:1 

Consumption « 

Lime - 7,64 # / ton ore 

KCN - 4.07 # / t o n of s o l u t i o n 

Gold Recovery - 45.5 % 

Conclusion. The lower recovery may be due t o coating of 

the gold by. the products of o x i d a t i o n of some of the 

mi n e r a l s . 



TEST 34. 

To Test The E f f e c t Of Fine G r i n d i n g . 

Charge t o B a l l M i l l 

Time of Grinding 

Cyanidation. 

Time.of Cyanidation  

Pulp Density 

Consumption. 

Lime 

KCN 

Gold Recovery 

Conclusion. 

Ore 
Water 

500 gms. 
500 gms. 

1 hour 30 minutes. 

48 hours 

3:1 

20 ft / t a n of ore 

9 ft / ton of s o l u t i o n 

65.0 % . 

Microscopic examination shows th a t some of the gold 

i s very f i n e . F i n er g r i n d i n g w i l l unlock some of t h i s and the 

recovery w i11 t h e r e f o r e be higher. However the consumption o f 

lime and cyanide was in c r e a s e d . 



TEST 35, 

To TBstathe E f f e c t 0 f Bromooyanide. on the Ore. 

IjOTE. This i s a repeat of Test 32 w i t h more c a r e f u l 

c o n t r o l of excess lime and BrCN. 

Charge to B a l l M i l l Ore 
Water 

500 gms. 
500 gms. 

Time of Grinding 20 minutes. 

Cyanidati on 

Time of Cyanidation w i t h KCN - 44 hours 

" " " " BrCM - 4 hours 

Pulp Density - 3:1 

F i r s t charge - Lime 
KCN 

Second Charge - KCN 
BrCN 

6 # / ton of ore 
5 # / t o n of s o l u t i o n . 

5 # / t o n of s o l u t i o n 
).23 # / ton of s o l u t i o n 

Consumption 

Lime 

KCN 

BrCN 

Gold Recovery 

3.84 # / ton of ore 

9.17 -# / t o n of s o l u t i o n 

0.23 # / t o n " " 

56.7 % 

Conclusion. Bromooyanide d i d not increase the gold recovery 

i n t h i s case, but, as an i n s u f f i c i e n t amount was added, 

the r e s u l t s are of no use. 
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TEST 36 

To test the e f f e c t o f Cyanide (KCN) on a concentrate without using 

any lime to give protective alkalinity.' 

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

No further grinding was done, 

CYANIDATION 

• Tim© of Cyanidation - 48 hrs. 

Pulp Density - 3:1 

CHARGE 
• — 

KCN - 10#/ton of ore 

NOTE During the run, when samples of the solution were taken f o r 

determination of the protective a l c a l i n i t y and cyanide.'content, i t 

was found that c o l l o i d a l particles turned the .solution a light 

brown color. This prevented accurate determination by titration 

due to the need for a colorless solution in the methods previously 

..... described. Consequently i t was ascertained only t h a t there was an 

excess of cyanide and that the solution was alkaline. 

At the end of the run the solution was s t i l l colored, so 

after filtering,lime was added to the f i l t r a t e to flocculate the 

.particles' and give a clear solution, suitable for titration. This 

gave two residues, one containing the main bulk of the tailings and 

. no llme :; the other the finer particles, or slimes. 

CONSUMPTION 

• KCN - 8.61 #/ton of solution 

PH at end of run 3 11.0 

Gold Recovery - 61.4% 

Overall gold recovery 54.6% 
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TEST 56 

CONCLUSION: 

The r e s u l t s i n d i c a t e t h a t lime i s not e s s e n t i a l f o r the 

recovery of g o l d . The gold recovery was about t h a t u s u a l l y obtained, 

w h i l e the cyanide consumption was s l i g h t l y higher. 
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TEST 57 

To Cyanide the ore and f l o a t the t a i l i n g s . 

Charge to B a l l M i l l ore - 500 grs 

water - 500 grs 

CYANIDATION 

Time of Grin d i n g - 2 0 minutes 

Time of Cyanidation - 48 hours 

Pulp Density - 5:1 

time •10# /ton of ore 

EON 10# /ton of ore 

Lime - 9.32# /ton o f ore 

EON - 7.91# /ton o f s o l u t i o n 

Gold Recovery - 59.0$ 

FLOTATION 

No concentrate was taken. When the t a i l i n g s were 

t r a n s f e r r e d to a 500 gram machine and the reagents added, i t was 

found t h a t a d i r t y f r o t h of small bubbles was formed. 

A d d i t i o n s 

Consumption 
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TEST 38 

To Grind Extra Fine and Cyanide for forty eight (48 Hours). 

Charge to Ball M i l l Ore - 200 grs 

Water - 200 grs 

Time of grinding - S hours. 

Time of Cyanidation - 48 hours 

Pulp Density 5:1 

Added - Lime - 20# /ton ore 

KCN - 10# /ton ore 

This test was agitated for 12 hours before any reagents were 

added, and the PH was found to be 10.03. 

Consumption Lime - 19.85# /ton ore 

KCN - 9.75#/ton solution 

Gold Recovery - 72.7% 

CONCLUSION 

The charge that was ground for three hours gave the 

best recovery, due to the u n l o c k i n g o f some of the fine gold.. The 

grind i s 'feeyond. the present range of p r a c t i c a l grinding, but the ques

tion of fine g r i n d i n g should be seriously considered i f a cyanide mill 

i s decided upon. 



89 

TEST 59 

To Grind E x t r a Fine and Cyanide f o r N i n e t y S i x (96) hours. 

Charge to B a l l M i l l - Ore 200 grs 

Water 200 grs 

Time of Grinding - 3 hours. 

CYANIDATION 

Time of Cyanidation - 96 hours 

Pulp Density 5:1 

Added Lime - 30# /ton of ore 

KCN - 15# / t o n of s o l u t i o n 

Consumption - Lime - 29.70# /ton ore 

KCN - 14.70# /ton of s o l u t i o n 

Gold Recovery - 72.7% 

CONCLUSION 

The t e s t shows that f o r t y - e i g h t hours i s s u f f i c i e n t time 

to cyanide the p u l p , as tjyaniding f o r n i n e t y - s i x hours s gave no 

b e t t e r recovery than the f o r t y - e i g h t hour run. 
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A S S A Y M E T H O D S 

i 
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ARSENIC 

0.5 gms of ore i n 100 C.C. beaker. 

Add 85 C.C. Hg 0 and 10 c c n i t r i c c h l o r a t e . D i g e s t . 

Add 10 c.c. Hg S 0 4 

'. Take to fumes overnight 
a 

D i s t i l l a t i o n f l a s k . Add 3 gms ouproas c h l o r i d e , 2 grams f r r r i c 

f. c h l o r i d e and 90 c.c, concentrated H ' C I . . ' D i s t i l at 120° f o r 30 min

utes 

Catch d i s t i l l a t e i n 100 c.c. c o l d water i n 400 c.c. beaker , 

N e u t r a l i z e w i t h NH^OH, make j u s t a c i d w i t h H CI. Cool, make a l k 

a l i n e w i t h Na H G0g ?. add s t a r c h , and t i t r a t e w i t h Ig s o l u t i o n . 

SOLUTIONS 

Ig S o l u t i o n - 50 gms. KI i n 75 c.c. HgO. Add 25.5 gms Ig and 

leave i n warm'place-until a l l i n s o l u t i o n . B u l k to two l i t r e s . 

STANDARDIZATION ° 0.099 gms A s g O g i n 400 c.c. beaker, d i s s o l v e w i t h 

Na OH and a l i t t l e water. Make j u s t a c i d w i t h H CI, b u l k to 300 

c.c. w i t h water and c o o l . Make a l k a l i n e w i t h Na HCO^, and t i t r a t e 

w i t h s o l u t i o n , u s i n g s t a r c h as i n d i c a t o r . 
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C O P P E R 

1.0 grs of ore i n copper f l a s k 

6 grs sodium sulphate 

10 cc. HgS0A 

Fuse thoroughly u n t i l mass i s a l i g h t y e l l o w c o l o r . 

Cool s u f f i c i e n t l y to add 30-40 cc. water, 

5 drops H 01. 

Heat a t near b o i l i n g or b o i l i n g temp, f o r h a l f hour 

F i l t e r - Ppt. - Pb. 

F i l t . - Fe, Cu, Sb, As. 

D i l u t e to 300 cc. and warm. Pass i n H 2S gas u n t i l a l l sulphides are 

ppted, and s o l u t i o n c l e a r . 

F i l t e r P pt. - Cu, As, Sb, Pb, Sn. 

- F i l t - Fe 

Return ppt. to same beaker washing paper w i t h Cone, sodium polysulphide 

s o l u t i o n . 

Digest a t temp, below b o i l i n g u n t i l soIn. c l e a r and dark ppt. coagulates 

F i l t e r Ppt. - Cu, Pb. 

F i l t - As, Sb, Sn. 

Return ppt. to same beaker washing w i t h water, then hot 1:1 HNOg, then 

Bromine water. 

Add 5 cc. cone. Hg SO^ to ppt. lea d . 

Bake 

Add water and f i l t e r out lead . 

5 cc. HNO3 and evaporate n e a r l y to dryness 

Make j u s t a l k a l i n e w i t h 1:1 NH4OH. B o i l to e x p e l l excess 
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C O P P E R 

Just" a c i d i f y w i t h A c e t i c A c i d . 

Cool Thoroughly, 

2 g r s . KE and l e t stand 5 minutes. 

T i t r a t e w i t h sodium t h i o s u l p h a t e u s i n g s o l u b l e s t a r c h soIn, as 

i n d i c a t o r . 
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I R O N 

PROCEDURE - (Sulphides) 0.5 gm sample i n 100 C.C. beaker. Add 10 C.C. 

HNOg9 warm u n t i l red fumes d r i v e n o f f , and add 10 C.C. H 01. 

Warm, u n t i l the s o l u t i o n i s c l e a r , add 10 C.C. c h l o r a t e mixture, 

d i g e s t and add 10 C.C. 1:1 Hg SO^. 

Fume n e a r l y to dryness, c o o l , add 25 C.C. water, 5 C.C. 

H G l and b o i l . While s t i l l hot add "Sn G l g drop by drop u n t i l 

y e l l o w c o l o r o f Fc Gig disappears. Cool q u i c k l y , add Hg G l g 

. to n e u t r a l i z e excess Sn Gig, and t i t r a t e w i t h dichromate s o l -

u t i o n , u s i n g Kg Fc (ON), as i n d i c a t o r . 

A f t e r the Hg C l g i s added the p r e c i p i t a t e should be white. 

I f grey o r dark, m e t a l l i c Hg has been produced by excess Sn Gig. 

Must repeat. 
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L E A D 

>:s5 gms ore In f l a s k 

15 C.C. 1:1 HN0 3 

Digest s l o w l y 

/ 

5 C.C. H G l 

d i g e s t 
/ 

EO C.C. 1:1 HgS0 4 

5 gms Na g SO^ 

1 C r y s t a l t a r t a r i c a c i d 
/ 

Evaporate and fuse 
/ 

100 C.C. HgO 

5 gms t a r t a r i c a c i d 

Digest 

5 C.C. Cone. H 01. 

Digest 
/ 

D i l u t e t o 800 C.C. 

HgS gas u n t i l l i q u i d c l e a r 

F i l t e r on vacuum 
/ 

Wash 5 times w i t h 
hdt HgO 

Return to 400 C.C. beaker 
3-5 gms Na OH 

D i l u t e to 300 C.C. 

3 gms Ma 2 

Digest u n t i l b l a c k 

s u l f i d e s esyagulate 

F i l t e r through paper 
wetted w i t h Na OH 

Wash w i t h water. 
• . / . • 

Redissolve w i t h 1:1 HNO, (hot) and Br 
o 2 

water 

5 C.C. H CI 
/ 

Evaporate u n t i l 25 C.C. l e f t 

D i l u t e to 100 C.C. 

B o i l . 
F i l t e r hot and wash w i t h 1:1 HNO.* 

/ 3 
Evaporate f i l t r a t e to dryness and bake 

Add 20 C.C. 1:1 H G l 

F i l t e r o f f s i l i c a and wash w i t h hot HN0 3 

10 C.C. i : i H g S 0 A 

Evaporate to fumes. 

D i l u t e to 50 C.C. 

Add 5 C.C. Methyl a l c o h o l 
/ 

F i l t e r o f f Pb S 0 4 i n weighed Gouch 

c r u c i b l e 

(Weigh Pb as Pb S0 4) ' 



96 . 

SULPHUR 

Take a 0.5 gr. sample, moisten w i t h 40 cc. water and 10 cc. 

n i t r i c c h l o r a t e , heat to dryness s l o w l y . Add excess Na gG0 3 6 gma XS 

and £5 cc. water. B o i l 10 mins, d i l u t e to 100 cc. and b o i l again and 

f i l t e r through No. 1 Whatman f i l t e r paper, washing twice w i t h hot 

water. NagS0^_ i n f i l t r a t e , Fe and o t h e t i m p u r i t i e s i n the ppt. 

Redissolve ppt. i n 20 cc. 1:1 HCl. Add excess Na gC0 3 6 gms 

Xs and 25 cc, water. B o i l 10 mins, d i l u t e to 100 cc. and b o i l again, 

and f i l t e r . 

N e u t r a l i z e combined f i l t r a t e w i t h H C l , add 2 o r 5 cc. excess 

and b o i l . Add hot BaClg and continue b o i l i n g t i l l BaSQ^ ppt. s e t t l e s 

out. 

F i l t e r through No, 2 Whatman f i l t e r paper and Bash f o u r times 

w i t h hot water. I g n i t e and weigh as BaSO^. 

Wt. of BaSO, x 0,1375 x 1 0 Q „ % 

Wt. or sample 

High sulphide ores and concentrates are u s u a l l y taken down 

s l o w l y or over n i g h t w i t h c h l o r a t e mixture. 

Sulphate Sulphur 

Weigh 0.5 grs . sample, add 0.6 grs. Na ?C0 , 25 cc. water and 

b o i l - f o r \Q mins, d i l u t e to 100 ce, and b o i l again. Treat as f o r t o t a l 

Sulphur. 

Sulphur i s reported as t o t a l sulphur and sulphate sulphur, the 

Sulphide being taken by d i f f e r e n c e . 
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