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Chapter I 

Introduction

The experimental work described in this paper is mainly concerned 

with determinations of the rate of dissolution of gold in very dilute 

concentrations of sodium cyanide,/ In normal cyanide operations such 

data are usually of academic interest only for the reason that the 

strength of cyanide used is controlled not only by the rate of dis

solution of the ^ l d  from the ore but also by the requirement of free
- - ' -.... : ■

cyanide, usually not less than 0.10 pound of free cyanide per ton of
solution, for the precipitation of the gold by the zinc. In the pro

posed simultaneous dissolution and adsorption cyanide process activated 

carbon is substituted for zinc, and ainoe the adsorption of gold from 

cyanide solution by activated carbon does not necessitate the presence 

of any appreciable quantity of free cyanide, it follows that the only 
requirement for the strength of solution is the dissolution rate of

tgold from the ore*
■ . ;/ ' ■ ' ■ . ; ■. ■ / -

Although a great deal has been written about the cyanide process

in general, the writer found that a survey of available literature ,
J.j ' ' '■ ■ ■ ' : ■

contained very little information with respect to the rates of disso

lution of gold in dilute cyanide solutions,

Maelaurln^ states that the rate of dissolving gold is more 

_ rapid in dilute than in concentrated cyanide solutions. Furthermore, 

the rate of the dissolution of gold in cyanide solution passes through

(1) Maclaurin, J. S., The Journal of the Chemical Society, vol. 63, 
1893, pp. 724-737 and vol. 67, 1895, pp. 199-212.
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a maxletm going from dilute to concentrated solutions. Maclaurln reported 

that he found the moat rapid rate of dissolution with a 0.25 per cent 

potassium cyanide solution.
Julian and S m a r t ^  made a number of determinations of the solu

bility of gold in dilute solutions containing from 0.01 to 0.10 per 
cent of potassium cyanide. They found that the rate of dissolution of 

gold increased rapidly with increase in strength of solution up to and 

Including 0.10 per cent of potassium cyanide. They state, however,

"if the time factor is. left out of the question, es in eases where the 

gold and silver dissolve rapidly, but can be washed out of the ore only 

slowly, the most efficient strength of solution is toon from 0.07 to
0.09 per cent of potassium cyanide".

The most recent work on the subject, that of Barsky, Swalnson, and 
(3)Hadley, comperes dissolution rates using concentrations of solutions

.-.!r
from 0.01 to 0.50 per cent of sodium cyanide, obtaining the maximum dis
solution rate with a solution containing 0.05 pen cent of sodium cyanide.

As previously mentioned, when activated carbon Is substituted for 

zinc and added with the cyanide solution, no appreciable concentration 

of free cyanide la required for the adsorption of the gold. In addition, 

another Interesting possibility becomes apparent, namely, the offset of 

adsorption concurrent with dissolution on the rate of dissolution.

(2) Julian, H. F., and Smart, E., Cyaniding Gold and Silver Ores,
Griffin and Co., Ltd., 3rd Edition, 1921, pp. 64-SS.

(3) Barsky, 0., Swalnson, S. J«, and Hadley, *., Dissolution of Gold 
and Silver In Cyanide Solutions, Trans. Amer. Inst. Min. Met. Eng'rs.,

York, vol, 112, 1934, pp. 667-671;



Chapman states "by the law of mass action, since the gold is removed 

from the solution as rapidly as dissolved, the avidity of the solution 

for gold is maintained at a maximum, thus insuring the maximum speed of 

dissolution of the gold.".

Although Chapman did not mention it in his paper, it is possible 

that when activated carbon is present during the dissolution period, a 

couple consisting of gold and carbon is present which eight cause a 

faster rate of dissolution.

The object of the experimental work described in this paper ie to 

determine the rates of dissolution of gold in more dilute concentrations 

of cyanide than have been heretofore reported.

(4)

(4) Chapman, T. G., A Cyanide Process Based on the Simultaneous Dissolu
tion and Adsorption of Cold, Araer. Inst. Min. Met. Eng’re., Trams, vol, 154, 
1939, p. 211



Chapter II

Materials and Experimental Methods-
Ores •' , ; v;-> t > ,■ -- ■ : ; - -

Bi® gold ores used in the experieeatel work were the May Lundy,
Picecho, and Eagle Shawmut. The Hay Lundy material consisted of a
 ̂  ̂ :.- ' ' - : / ' - : / V ̂ *̂  5  ̂.' . ' ' '
composite sample of oxidized tailings from an old tailing dump in 

California which assayed 0.079 ounce of gold per ton. The sample of

Picaeho ore cane from a low-grade, ellieecms ore deposit in Califomie, 

located 18 miles from Yuma, Arizona, end'averaged 0.038 ounce of gold 

per ton. The Eagle Shawmut aample was taken "from a low-grade, sili

ceous, surface gossan deposit in California and assayed 0.074 ounce of 

gold per ton. - :

Sheet Gold

The sheet gold used for experimental work described in chapter 5 

consisted of small squares, one-tenth of a millimeter thick, each weigh

ing approximately 145 milligrams. The gold was first treated with a 

0.05 per cent sodium cyanide solution for 30 minutes, then washed and 

annealed in order to obtain uniformity of surface end to remove pos

sible effects of passivity. The gold, prepared as described, after 

weighting, was placed in a one liter capacity bottle, containing 200 c.e. 
of a known cyanide concentration either with or without activated carbon, 

and the bottle with open mouth placed on revolving rolls for three hours. 

The undissolved gold was then removed, washed, annealed and weighed, and 

the loss of weight was assumed to be the of gold dissolved. To



determine the correctness of this assumption, gold was recovered from 

the products of fear tests, namely, the pregnant solution, barren solu
tion of the charcoal pulp, and the charcoal. The results of accounting 

for the gold of these four tests ere presented in table 1 and indicate 
that the loes In weight is a rapid end fairly accurate method in de

termining the amount of gold dissolved.

fable 1̂ - Accounting of Gold in Four Tests Involving Sheet Gold

r Gold. mgs.
Feat No. Dissolved

M l

Pregnant
Solution

Barren
Solution

Charcoal Total Unaccounted 
■ for

1 2.11 2.03 2.03 0.G8 [less]2 5.01 4.95 4.95 0.06 loss)
3 .. 5 . 3 8 .. 0.01 5.41 5.42 0.04 fUl4 5.82 0.02 5.70 5.72 0.10

(a) Difference in weights at start and end of dissolution. 
Carbon

The carbon employed was pine charcoal obtained from the Southern Pine 

Chemical® Company of Jacksonville, Florida. The charcoal was dry ground 

to 150-meeh, heated in a closed container for two hours at a temperature 

of 1450° F. end cooled rapidly.

Grinding - - ' ’ ' - '

The work with geld ores involved first the working out of setiefaetery 

experimental methods in order to keep errors at a minimum* To determine 

the most suitable method of grinding, tests were mode on the Picacho ore* 

Grinding ore for test samples could he done either by dry grinding 25 

pounds of ore in a 24-inoh Bardinge ball mill or by wet batch grinding 

in an 8-inch Abbe ball mill, each batch weighing the amount required for 
the teat, usually 500 grams. The ball ratio to that of the ore being 

ground in each method was maintained appreartmatety constant. The result#



of the sizing tests for approximately 65-mesh grinds showed that an

average of 51.3 per cent of minus 325-mesh was produced by the Hardings

dry grind end 52.3 per cent by the A b W  wet grind.

1 Xh addition to determining the relative amounts of minus 325-mesh

material for each type of grind, four tests were made to determine the

extraction of gold for each type of grind. Two of these tests were mode

by usual cyanide methods and two by the charcoal cyan!dation method.

The results of these four tests are given in tables 2 end 3.

Table 2 - Extraction of Gold by Usual Cyanide Methods with Different 
Types of Grinds

Test No. Type of Grind
per cent

Total Cold Dissolved, 
per cent

1 Hardinge Dry 51.3 64.82 Abbe1 Wet 53.3 41.7

Table 3 - Extraction of Gold b% Charcoal Cyenldatlon with Different 
Types of Grind

Test No. Type of Grind Minus 325-nesh, 
per cent

Total Gold Dissolved, 
per cent

3 Herding# Dry 51.3 87.2
4 Abbd Wet 51.2 89.4
Referring to table 2, straight eyemidetiom dissolved 64.8 per cent of

the gold when the ore was dry ground in the Hordinge ball mill end 41.7 per 

cent when wet ground in tho Abbe? ball mill. Referring to table 8, extrac
tions of gold by the charcoal cyenldatlon method for the dry end wet ground 

ores mere 87.2 and 89.4 per cent# respectively. Although the results by 

straight eyanidatioe differed by 23.1 per cent, equally wide variations 

were obtained on the same ore when treated by cyamide with the sane type 

of grind. Since the charcoal cyanide method yielded approximately the 

same results with the two types of grind used end since the difference



let the cyanide results could not be directly attributed to the type of 

grind used, it was decided to use the dry grind solely as a matter of 

convenience.

Washing-

Tee cyanide tests were made on the Picaoho ore, maintaining all con

ditions constant except the manner of separating the pregnant solution 

from the solids*. *n one test the pregnant solution was separated from 

the solids by decantation using 5400 c.c, of wash water in two stages 

for 500 grams of ore, end in the other by filtering and washing, using 

254 c.c* of wash water. The results showed an extraction of gold of 

68.2 per cent when decantation was used and 69,3 per cent when filtration 

was employed. The tailings assayed 0.0138 and 0.0144 ounce per ton 

respectively, a difference of only 0.0006 ounce or 2.1 cents per ton.
The variances between the extractions and the assays of the tailings 

were so small that either method could be selected as satisfactory* 

Filtration was more rapid and convenient and consequently adopted. 

Standard Cyenldatlon

In teats involving ordinary cyenldatlon, a sample of 500 grams of 

ore is agitated with lino and cyanide in an open mouth bottle placed on 

revolving rolls for the required time period* The dilution of the pulp 

during agitation was usually 1.5 solution to 1 sdlftjrf After agitation 

the solids were separated from the solution with a laboratory auction 

filter. The free cyanide end protective alkalinity at the end of the 

agitation period were determined by standard methods*



Charcoal Cyanldatloa

The experimental method used for charcoal cyanidation tests follows. 

A sample weighing 500 grams was agitated in a bottle with lime, cyanide, 

end activated carbon for the required time period. Determinations of 

eywaido and lime were then made on the resulting solution after which the 

pulp was conditioned for 15 minutes with suitable flotation reagents, 

usually amyl xanthete and pine oil. The pulp was transferred to a 500- 

grea capacity Denver Sub-A flotation machine where a rougher concentrate 

was removed. The tailing pulp was transferred to the bottle, more char

coal added, end agitated for one hour. At the end of this time, the 

solids were allowed to settle end 1000 cc. of the barren solution re
moved for assay. Reagents end decanted middlings from the cleaner 

flotation of the rougher concentrate were next added, and tbo pulp 

conditioned for 15 minutes. The secondary flotation concentrate was 

then removed and cleaned.

Cyclic Test Procedure.

The procedure for the cyclic test la described in chapter 4.



Chapter III

Comparative Testa oa Gold Ores, with and without

May Lundy Tailing

Tea ayanide tests were made on the May Lundy telling which was ground 

to 3.5 per sent plus 65-mesh. Six teats were made by standard cyanide 

methods and four with eyaalde and charcoal, the finishing concentrations

varying from 0.02 to 0.0025 per cent of sodium cyanide. The procedures 

that were used are deaerlbed In chapter 2.
The details and results of tests 1 to 6 Inclusive are presented la 

table 4; The details of the four charcoal cyanide tests are given In 

tables 5 to 8 Inclusive and a summary In table 9.

Table 4 - Standard Qyanldatlon of May Lundy Tailing

teat dumber l 2 4 — B— 6
Cyanide-
’ Added, lbs. per ton of ore "T.I0. “T O T  " 0.6& .. _ 0.49
Consumed.ibs.per ton of ore 0.62 0.38 0.32 0.50 0.41 0#43
Finishing, per cent 0.020 0.015 0.018 0.005 0.003 1 0.00251

Lime-
Added, lbs. per ton of ore 3 3 3 3 3 3
In Solution, lbs. per ton 0.112 0.080 0.120 0.174 0.134 0.126

rime of Agitation, hours 24 24 16 24 24 24
Assays, ozs. gold per ton
Heads 0.078 0.077 0.078 0.080 0.091 0.066
Tailings 0.015 0.015 0.018 0.018 0.025

Gold Dissolved, per cent 80.7 80.4 77.0 78.3 72i5 1 63.9
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Table S - Charcoal Cyanldation, May Lundy Tailing, 0.74 lb. Cyanide.

_ _______
“"'Weight1,

grams
Tems'I—
100

Assays, ozs. 
gold per ton

Fer cent of 
total gold'

Heads 500.000 100.000 0.079 1C0.0
Primary Chorecal 1.530 0.306 17.820 65.7
Secondary Charcoal 0.736 0.147 3.170 5.9
Total Charcoal 2.266 0.453 13.050 74.6
Barren Solution 2168.000 433.600 0.00022 1.2
piddling 2.953 0.591 0.938 7.0
Sailing 496.300 99.260 0.0138 17.2

%ble £  - Charcoal Cyanldation. May Lundy Tailing, 0.62 lb. Cyanide.

Tost 8
Weight,
grams

Tons in 
100

Assays, ozs. 
__£pld perton

Per cent of 
total gold_

Heeds 500.000 100.00 _ _  0.071 100.0
Primary Charcoal 1.30 0.26 17.270 62.9
Secondary Charcoal 0.80 0.16 2.550 5.7
Total Charcoal 2.10 0.42 11.670 68.6
Sddling 10.60 2.12 0.192 5.7
Tolling 487.20 97.45 0.019 25.7

Table T - Charcoal Cyanldation. May Lundy Tailing. 0.62 lb. Cyanide.

Test 9
Weight,
grams

Tons in 
100

Assays, ozs. 
gold per ton

Per cent of 
total gold

Heads 500.000 100,000 0.084 100.0
Primary Charcoal ^ 1.36 0.272 18.870 60.7
Secondary charcoal 0.83 0.166 6.680 13.1
Total Charcoal ' 2.19 0.438 14.250 73.8
Barren Solution 2281*0 456.200 0.00022 1.2
Middling 6.22 1.244 0.188 2.8
iTailing 493.00 98.600 0.019 22.2
Table 8 - Charcoal Cyanldation, May Lundy Tailing, 0.49 lb. Qymal##*

Test 10
Weight, 
grams

Tons in 
ICO ,

Assays, ozs. 
gold per ton

Per sent of 
total gold

Heads 500.000 1t 0.079 100.0
Primary Charcoal 1.80 0.360 13.690 62.2
Secondary Charcoal 1.36 0.272 ____ 2.570 8*8
Total Charcoal 3.16 0.632 8.900 71.0
Barren Solution 2600.00 520.000 0.00006
middling 13.71 2.742 0.096 3.3
bailing 484.6 96.920 0.021 25.3
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Table 9^- Summery of Charcoal Cyanide Results

Test Number 7 :___3 ___ ___ 9 .10
Table Number for details 5 6 7 8
Cyanide-
Added, lbs. per ton of ore 0.74 0.62 0.62 0.49
Consumed, lbs.per ton of ore _ 0.38 — 0*45_ 0.48 0.35
finishing, per cent 0.015 0.006 0.007 0.009

Lime-
Added, lbs. per ton of ore 3 3 3 3
In solution, lbs. per ton 0.084 0.200 0.200 0.080

Charcoal, lbs. per ton of ore 6(a) 6(a) 6(a) 6(a)
Time of Agitation, hours 16 _ 16 16 16
Assays, ozs. gold per ton
Heads _ P 7 9 _ 0.071 0.084 0.079
Tailings 0.014 0.019 0.019 0«021

bold Extracted, per cent 81.6 74.3 76.6 74.3
(a)Added in two stages, 4 lbs. p*r ton to primary and 2 lbs. per t®i 
to secondary.

Interpretat1cm of Results
Referring to table 4, progressive decreases in the rate of dissolu

tion of gold with ordinary cyanide treatment are Indicated as the 

finishing strengths of the cyanide decreased. In test 1, table 4, the 

soluble gold amounted to 80*7 per cent with a finishing strength of

0.020 per cent of cyanide as compared to 63.9 per cent dissolved in 

test 6 with a finishing cyanide strength of 0.0025 per cent. The 

time of agitation for each test was 24 hours except teat 3 which was 

16 hours.
Referring to table 9, the per cent of gold extracted in the 

charcoal cyanldation tests amounted to 81.6 in test 7, with a finish

ing strength of 0.015 per cent cyanide, and 74.3 per cent in test 

10 with a finishing strength of 0.007 per cent cyanide. The time 

of agitation in each test was 16 hours.



The charcoal cyanide test* showed on the whole slightly higher 

extractions of gold than the standard cyanide tests even though the 

time of agitation was 8 hours less for the charcoal cyanide pulps.
A comparison of results, with and without activated carbon, 

using the same amounts of cyanide, showed that the tailings produced 

by the charcoal cyanide process ware lower in gold content than those 

produced by the standard cyanide method. The tailings produced in the 

presence of charcoal averaged 0.018 ounce gold per ton as compared to 

0.080 ounce for standard cyanide tests, a difference of 0.002 ounce or 
7 cents per ton*

Attention is called, as previously noted, to the feet that the 

agitation period for standard cyanide tests, except test 3, was 24 
hours, whereas in all charcoal cyanide tests the agitation period was 

16 hours. A comparison of results obtained for equal time of agita

tion, teets 3 and 7, showed that standard eyanidatlon dissolved 77.0 

per cent of the gold as compared to 81.6 per cent extracted in the 

presence of charcoal. . _

Although more gold was extracted In the presence of carbon based 

on both products and tailings assays, it cannot be stated that the 

rates of dissolution of the gold in the charcoal cyanide tests were 

faster than in the etendard cyanide tests, because of the possibility 

that pert of the gold extracted from the charcoal cyanide pulps might 

have been due to the flotation of undissolve* gold. Moreover, there 

was no method, known to the writer, for determining the extent, if 

any, of the flotation effeet*



Pioaeho Ore

Bine teats were made on the Picocho ore, four by charcoal cy- 

anidation, four by standard cyanidation, and one by standard flota

tion. Finishing strengths of cyanido varied from 0.005 to 0.002 
per cent. The time of agitation in all tests was. kept constant at 

five hours. Table 10 shows resalts obtained from standard cyanide 

tests. Details and results of the four charcoal cyanide teste are 

given in tables 11 to 14 inclusive end a summary in table 15. The 

results of the standard flotation test are presented in table 16. 

Table 10 - Standard Cyanidation of Pioaeho Ore

feet Number 11 12 13 14
ftrenide- .
Added, lbs. per ton of ore 0.30 6.30 0.15 0.15
Consumed, lbs. per ton of ore — 0.10______
finishing, per cent — — — 0.001

Lime-
Added, lbs. per ton of ore 3 2 2 2
In solution, lbs. per ton — — — 0.08

fime of agitation, hours 5 5 5 5
Assays, ozs. gold per ton
Heads 0.037(a) 0.038(a) 6.038(a) 0.058(b)
Tailings 0.0217 0.0245 0.0267 0*0300

Sold Dissolved, per cent 41.6 64.8 29.4 21.1
(a) Based on products assay
(b) Based on head assays of tests 11 to 13 inclusive.
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Table 11 - Charcoal Cyanidatlon, Plceoho Ore, 0.30 lb. Cyanide

Test 15
Weight,
grams

Tons in 
100

Assays, oze. 
gold per ton

Per cent of 
total gold

Heads 500.0 100.000 0.039 100.0
(primary Charcoal 1.33 0.266 12.290 83.7
(secondary Charcoal 0.63 0.126 1.850 6.0
(Total Charcoal 1.96 0.392 8.940 89.7
Barren Solution 2316.00 463.200 0.00007 0.8
Middling 3.40 0.680 0.060 1.1
felling 496.10 st.sao 0.0033 8.4

Table 12 - Charcoal Cyanidatlon, Plceoho Ore, 0.30 lb. Cyanide

Test 16
Weight,
grams

Tons in 
100

Assays, ozs. 
gold per ton

Per cent of 
total gold

Heads 500.0 100.0 0.038 100.0
Primary Charcoal 2.11 0.422 7.551 83.4
Secondary Charcoal 0.69 0.138 1.060 3.8
Total Charcoal 2.80 0.560 5.950 87.2
Barren Solution 2097.00 419.40 0.00007 0*8
Middling 4.80 0.96 0.046 1.2
felling 493.90 98.80 0.0042 10.8

Table 13 - Charcoal Cyanidatlon, Plcabho Ore. 0.15 lb. Cyanide

- - - . T
Test 17

Weight,
grams

Tons in 
100

Assays, ozs. 
gold per ton

Per cent of 
total gold

Heads 500.00 100.0 0 . 0 4 1 . 100.0
Primary Chorooal 1.78 0.356 10.080 89.5
Secondary Charcoal 0.94 0.188 0.621 2.9
Total Chareoe1 2.72 0.544 6.811 91.4
Barren Solution 2566.00 513.200 ' 0.00003 0.4
felling 498.80 99.760 0.0033 8.2

Table 14 - Charcoal Cyanidatlon, Picacho Ore, 0.15 lb. Cyanide

L  Test 18
Weight,
grams

Tons in 
100

Assays, ozs. 
gold per ton

Per cent of 
total gold

Heads 500.00 100.0 0.037 100.0
Primary Charcoal 1.44 0.288 9.860 77.1
Secondary Charcoal 0.93 0.186 2.187 11.1
Total Charcoal 2.37 0.474 6.844 88.2
barren Solution 2800.00 560.0 0.00003 0.5
felling 499.10 99.820 0.0042 11.3



fable 15 - Summery of Charcoal Cyanide Results

#st Number 15 16 17 18
Table Humber for details 11 12 13 14
Cyanide- . .

Added, lbs. per ton of ore 0.30 0.30 0.15 0.15
Consumed, lbs. per ton of ore 6.15 0.15 0.89 0,0$
Finishing, per cent 0.005 0.005 0.002 0.002

Lime- '
Added, lbs. per ton of ore 3 2 3 2
In Solution, lbs. per ton 0.20 0.20 0.014 0.28

Charcoal, lbs. per ton of ore 6(a) 6(a) 6(a) 6(a)
Time of Agitation, hours 5 5 5 5
Assays, ozs. gold per ton -

.

Heads 0.039 0.038 0.041 0.037
Tailings 0.0033 0.0042 6.0033 0.0042

OnId Extracted, per cent 89.7 87.2 91.4 88.2
(a)Added in two atagee, 4 lbs. per ton to primary and 2 lbs. per ton 
to secondary*

Table 16 - Standard Flotation, Plcacho Ore

Test 19
Weight,
grams

Tons in 
100

Assays, ozs. 
gold per ton

Per cent of 
total gold

Heads 500*0 100.0 0.038 100.0
Flotation Concentrate 1.13 0.226 12.389 73.6
diddling 5.74 1.148 0.229 6.9
Failing 493.13 98.626 0.0075 19.4

Interpretation of Results

Referring to table 10, teeta 11 to 14 Inclusive showed a decrease

in the rate of dissolution of gold with a decrease in cyanide strength,

conforming to previous results obtained with the May Lundy tailing*
• . .... . ■ -

Tests 11 and 12 when averaged showed en extraction of 53.2 per cent
" " ' : ' "  "  -

of gold with a starting strength of 0.01 per cent of cyanide es com
pered to tests 13 and 14 which had an average extraction of 25.3 per 

cent of gold with a starting strength of 0.005 per cent of cyaaide#



Beferring to table 15, the results of charcoal cyanide teats 15 

and 16, with the same starting strength of 0.01 percent of cyanide 
ee In tests 11 and 12, Indicated an average extraction of 88.5 per 
cent of the gold as compared to the 53.2 per cent obtained by the 

standard cyanide tests 11 and 12.
The results of tests 17 and IS, with the same starting cyanide 

strength of 0.005 per cent ee In tests 13 and 14, showed an average 

extraction of 89.8.per cent of the gold as compared to 25.3 per cent 

obtained by the standard cyanide tests 13 end 14.

The results of the tests on the Picecho ore showed that a high 

extraction of gold was obtained with a cyanide concentration as low 

as 0.005 per cent starting strength and 0.002 per cent finishing 

strength when charcoal was added with the cyanide. On the other hand 

when the charcoal was omitted, the extractions decreased from 89.8 per 

cent to 25.3 per cent. As mentioned in the interpretation of May 

Lundy results, the writer cannot state that the difference in ex

tractions was due to a difference in the dissolution rates of gold, 

with and without charcoal* . ;

The standard flotation test results on the Pioacho ore are pre

sented in table 16. The results indicated an extraction of 73.6 per 

cent of the gold in the cleaner concentrate and 80.5 per cent in the 

rougher concentrate. These results indicate the maximum amount of 

recoverable gold by standard flotation method* which is about 10 per 
cent lower than extractions obtained by the charcoal cyanidation



•If*

Eagle Shewrout Ore

four teats were made on Eagle Shawmut ore by standard cyanide 

methods. Since it was desired to use the remaining available time on 

a cyclic test end on sheet gold tests, charcoal cyanide batch tests 

were not made. The results of standard cyanidation tests are pre

sented in table 17.

Table 17 - Standard Cyanidation Tests. Eagle Shawmut Ore

Test Number 20 21 22 23
Cyanide- . ’ .
Added, lbs. per ton of ore 0.50 0.25 0.25 0.125
Consumed, lbs. per ton of ore 0.12 0.07 0 * 0 ?

finishing, per cent 0.016 0.006 0.003
WLme- ••

Added, lbs. per ton of ore 11 11 11 ii
In solution, lbs. per ton 0.124 0.140 0.122

rime of Agitation, hours 8 8 8 8
Assays, ozs. gold per ton ■

Heads 0.071 0.074
Tailings 0.014 0.028

Gold Dissolved, per cent feoTs 1 75.9 1 72.7 61.6

Interpretstion of Results

In table 17, test results again proved the fact that with very 

dilute concentrations of cyanide the dissolution rate of gold decreases 

in normal cyanidation with a decrease in cyanide concentration* Test 

20 showed an 80*3 per cent extraction of gold with an 0.016 per cent 
finishing cyanide, whereas test 23 showed an extraction of only 61.7 

per cent with a finishing strength of cyanide of 0.003 per cent*

The highest extraction of gold with standard cyanidation methods 

was 80.3 per cent with a finishing cyanide strength of 0.016 per cent. 

However, charcoal cyanide results obtained by T. G. Chapman on the Eagle 

Shawmut ore gave in one test as high as 89.3 per cent extraction with a 

finishing cyanide strength of 0.005 per cent.



Chapter If

i&ay-c 2Sgj SB. S2g.lg. OZl
The results of bsteh experimental tests on May Lundy tailing, 

Pieseho and Eagle Shavmut ores Indicated that somewhat higher ex

tractions of gold were obtained In the presence of carbon as 

compared to normal cyanidation, with the initial cyanide concentra

tion constant. Since the batch tests were made with more or less 

pure solutions, it was desirable to determine possible fouling 

offsets by flotation reagents and the reuse of solutions as might 

be encountered in practice.

A cyclic teat was made with Eagle Shawnut ore, employing the 

flowsheet which is shown on the following page.



g ^ Shajgut Cyclle Test

500 grama of ore, ground to 1.5 per cent plus 65-mesh, 11 lbs. of lime per ton of ore, and 750 o.c.

Placed in open mouth bottle and bottle placed on revolving rolls for 15 minutes
■ 'f

Cyanide added at rate of 0.25 lb. of cyanide per ton of ore 
Charcoal added at rate of 3.0 lbs. per ton of ore
' \
Bottle placed on revolving rolls for 8 hours

' {
Solids settled and sample of solution removed for free cyanide

and time determinations
. \ .

Amyl xanthate and pine oil added at the rates of 0.12 and 0.05 lb. par ton of ore
respectively and conditioned for 15 minutes in revolving bottle

{
Pulp transferred to 500-gin. capacity Denver flotation machine

water

i

Cleaned

Middling
Dried, weighed, and assayed Settled end decanted

Middling, pulp

Transferred to bottle and charcoal,added a# 
rate of 3.0 lbs. per ton of ore.

Agitated one hour

Solids settled end 1000 o.o. 
diluting solution removed

Solution removed

Deed as diluting 
water for flotation 

11_______

Thickened pulp

Amyl xanthate added at the
rate of 0.112 lb. per ton of ore

Conditioned for 15 minutes 
_________  |
Transferred to flotation machine 

and floated 
1______

f--------------------
Concentrate

iTransferred to bottle with 500 grams 
of new ore, 11 lbs. of lime, 0.25 of 
cyanide per ton of ore and sufficient 
water to make total solution 750 o.o.

ICycle repeated for a total 
of 7 new ore changes.

Solids
\

CompositedtAssayed

tTailing
4Settled
I___

tBarren solutiontAssayed

,V
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The results of the eyelte test are presented in tables 18 and 19. 

The results of batch charcoal cyanide tests made by T. G. 

available and are reported in table 20. - . , . . .. - -
with results of the cyclic test.

- ,1 - 'v , v.
Table 18 - Results of Cyclic Test on lagle r t a ™

Cycle
Finishing 
Cyanide, 
Per cent

Lime, Ihs. 
per ton

w t. of 
Comets., 
grams

Gold. mgs. Gold, tx:r cent
Each
cycle

Cumula
tive

Each
cycle

Cumula
tive

A 0.004 0.06 1.47 0.90 0.90 71.1
7o!o<Q “B .006 .16 1.92 0*8? 1.77 68.8

C .006 .08 2.175 0.915 2.685 72.3 70.7
D .005 .08 2.41 0.89 3.575 70.4 70.6
S .00 .00 4.57 1.235 X I i  I 97.6 76.0
F .005 .05 4.585 1.025 5.835 81.0 76.9
G .005 .07 2.75 0.97 76.7 76.8
Gib) — — 2.15 0.22 7.025 79.3

(a) Based on heads of0.074 
(b} Secondary concentrate.

ozo. gold per ton.

Table 19 - Sungnary of Cyclic

Weight,
grams

Tons in 
100

Assays, oza. 
gold per ton

Per cent of 
total gold

leads 3500.0 100.0 0.076
icBPoelte Genets. 22.03 0.630 9.30 77.4
final Middling 13.49 0.385 0.065 0.3
barren Solution — — 0.0002
Composite Tailings 3470.5 99.16 0.017 22.3

Table 20 - Results of Chapman's Testa on Eagle Shawmut Ore

Shopman's
Test
No.

Cyanide Lime, lbs.
per ton 

of Solution
Time,
hours

Gold
Extracted 
per cent

Added, Ibe.
per ton ore

Finishing, 
per cent

1 0.98 0.0075 ' A d d 16 75.3
2 1.46 0.03 Acid 15 71.2
3 1.46 0.03 Acid 15 79.2

0.75 0.024 0.075 9 81.7
5 0.50 0.016 0.120 9.5 68.8
6 0.25 0.005 0.110 9 89.3
9 0.25 0.008 0.130 16 77.4

Average — — — 77.6



Interpretation of Results

Referring to results given in tables 18 and 19, the extraction 

of gold in the cyclic test of 77,4 per cent, based on the products 

assay, compared favorably with the average extraction of 77.6 per 

sent from the seven charcoal cyanide tests of Chapman shown in 

table 20, which were made under more favorable conditions of longer 
time of agitation and higher cyanide strengths. These results in

dicated that there was little, if any, cumulative loss in the 

extraction of gold due to the deleterious effects of flotation re

agents and fouled solutions.
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Chapter V

Experimental Wort: Using Sheet Gold 

Aa prerlously stated, the results of batch experimental tests on 

three gold ores Indlested that higher extractions of gold were obtained 

in the presence of activated carbon as compared to normal cyanidatlee, 

with the initial cyanide cmwentratlon constant. Since a method could 

not be devised with gold ores to prove that the higher extractions of 

gold from the ores were due to an increase in the dissolution rate of 

gold ceased by the presence of carbon, it was decided to compare the 

dissolution rates of gold, using cyanide solutions with and without

aetivated carbon, employing pure sheet gold. The procedure using
: ' ■■ ...... :: :..' - ..... ■ " .■............... ;sheet gold is described in chapter IT* “

As the experimental work progressed, it became evident that the

gold usea in charcoal cyanide pulps did not have a clean bright

face after treatment. A microscopic examination of the gold, after 

treatment with cyanide alone, showed a smoother brighter surface on 

the whole as compered to gold treated in cyahide charcoal pulps* ;

In several tests the piece of sheet gold used with the charcoal 

cyanide pulp was next used for a test not employing carbon, In tbs 

same manner, a piece of sheet gold used in e test not employing carbon 

was next treated with a charcoal cyanide pulp. This interchanging 

of gold, in pulps with and without activated carbon, was for the 

purpose of insuring more uniform surface properties of the gold used.



However, the writer now realizes that instead of a direct transfer 

at this point, the gold from the charcoal pulp should have been 

agitated with a cyanide solution before further treatment in order 

to remove any impurity on the surface and to remove the rough sur
face present after the charcoal cyanide treatment.

Table 21 shows results obtained by varying the cyanide concen

tration b from 0.06 to 0.005 per cent of sodium cyanide, maintaining 

all other variables constant. „ »

Table 21 - Rates of Dissolution with Sheet Gold

............ ..-...-.... ..:..... ... -...-..:.... ....■

Best
No

Cyanide, 
Per cent

Carbon,
grams

Start
ht of gold. mgs.

Description of 
Gold used

Finish Dissolved

1 0.05 None 145.56 143.45 2.11
2 .05 None 140.60 135.59 5.01 Iron Teat 5
3 .05 None 137.63 131.77 5.86 From Test 6....
4 .05 None 130.18 124.39 5.79. From Test 7
5 .05 10 145.98 140.60 5.38 ..... (a).......6 .05 10 143.45 137.63 5.82 From Test 1
7 .05 10 135.59 130.18 5.41 From Test 2
8 .05 10 131.77 • ,6.43 From Test 39 .03 None 151.46 146.07 5.39 e)
10 .03 10 152.65 147.57 5s08 - . .. 1
11 .01 None 149.63 145.23 4.40 o)
12 .01 None 148.93 142.36 6.57. i r m  Test 13
13 .01 10 151.23 148.93 2.30 ..... (a)______
14 .01 10 145,23 144.70 • - 0i53 -v From Test 11
15 .01 1 142.36 139.98 2.38 From Test 12
16 .005 None 146.14 148.49 ____ a
17 .005 10 m . e o 138.60 0»20 la
(a) Washed with cyanide, sodium hydroxide end alcohol, dried and 
annealed*

Interpretation of

1. Referring to the results presented" in Table 21 involving four 
comparative tests to determine the effect, if any, of the presence of

' ' ' ' ' - : ' ' ■ ; , : ‘i
carbon, the results indicated a more rapid rate of dissolution in the 

presence of carbon when employing a cyanide starting strength of 0.05
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per cent. The amounts of gold dissolved In tests 3 and 7 were 

#.86 and 5.41 milligrams respectively which indicated a somewhat 
faster rate of dissolution without carbon. The results of the 

remaining three comparative teats showed, however, a faster rate In 

the presence of carbon, the maximum difference occurring in tests 1 
and 5 in which the gold dissolved amounted to 2.11 and 5.38 milligrams 

respectively. T^e average weight of gold dissolved in tests 1 to 4 
Inclusive without carbon was 4.69 milligrams, whereas the average 

weight of gold dissolved in tests 5 to 8 inclusive with carbon was 
5.76 milligrams. T^e increased rate of dissolution in the presence 

of carbon amounted to 22.8 per cent.
2. It should be.pointed out, however, that the interchanging 

of gold previously described was possibly beneficial to the dis

solving of gold without carbon, in that the pitted structure 

following treatment in charcoal cyanide pulps probably increased 

the rate of dissolution with straight cyanide. In test 1, the amount 

of gold dissolved was 2.11 milligrams, whereas in test 2 the amount 
of gold dissolved by employing gold previously treated in a char

coal cyanide solution amounted to 5.01 milligrams.

S. The results from tests 9 and 10 with 0.03 per cent starting 

strengths of eyenide showed a slower rate of dissolution in the 

presence of earbon as compared to normal cyanide amounting to 5.8 

per cent.
4. Tests 11 to 14 inclusive with 0.01 per cent starting strength 

of cyanide indicated a very substantial decrease in the rate of dis

solution in the presence of carbon. The average weight of gold



dissolved without carbon amounted to 5.49 as compared to 1.42 

milligrams of gold dissolved in the presence of carbon.

5. The results of teats 16 and 17, using 0.005 per cent cyanide 

starting strengths, showed a further substantial decrease in the rate 

of dissolution in the presence of carbon amounting to 3.65 and 0.20 
milligrams of gold dissolved without and with carbon respectively.

6. The progressive rapid decreeses in the rates of dissolu

tion in the presence.of carbon es compared to straight cyanide with 

decreasing cyanide concentrations suggested the possibility of the 

adsorption of cyan!do by the activated carbon. Referring to tests 

14 and 15 which employed 10 and 1 grams of oarbon respectively, the
amounts of gold dissolved were 0.53 and 2.38 milligrams respectively 
'■ ‘ , "" ' ; ■" " ' ' ' 
with 0;01 per cent of starting cyanide. The finishing strengths of

sodium cyanide in teats 14 end 15 were none, and 0.006 per cent

respectively, whleh indicated cyanide was adsorbed by charcoal.

7. Two additional tests were made (not included in table 21) 

to confirm the adsorption of cyanide by charcoal and to determine 

quantitatively the amount of such adsorption. In one teat 200 c.o. 

of 0.01 per cent cyanide-solution were agitated in a revolving 
bottle for three hours. In the other test 2.0 grams of activated 

carbon were added to the cyanide solution, other variables remain

ing constant. The loss of cyanide in the first test was 5.0 per 

cent and in the second 47*5 per.cent which amounted to a decrease 

in solution-strength from 0.0095 to 0.00525 per cents due to the 

presence of carbon.



TSSZS. 18 to 27 inclttslTe .. .. - : .. r ::
T®ata 18 to 27 inclusive were made with two objectives in mind; 

first, to use gold with a freshly treated surface in every ease with 

no interchanging of gold aa was done heretofore; second, to add suf

ficient cyanide to the charcoal cyenido teats in order to compensate 

for the adsorption of cyanide by activated carbon. The results of 

these testa are presented in table 22. „

Table 22 - Rates of Dissolution with Sheet Gold — -i... ^ -

0 Cyanide, per seat Charcoal
*Start Finish

0.05 — .- □.05 None lJ
.05 0.042 2
.05 .041 - ■ • 8 ■
.0105 .0099 None □

. . 0 1 0 5 .009
.0105 Non#
.01475 __{

„.^01475 .00978 1./.......
-.01475 3

dried end annealed. 

Interpertation of Results
;The results of tests 18 to 21 inclusive were erratic, but the

comparison of the results

results of teato 20 end 21 .1th charcoal gsr. sn srerege .sight of 
dlsiolTsd of 2.20 BllllgraM to that of 2.52 milligram, reapac- 

tively. In these tests geld was dissolved 14.5 per cent faster in

the presence of charcoal.

2. Referring to tests 82 to 27 inclusive, the results ob

tained were also erratic due probably to experimental errors involved



la treating the aurfaeee of the gold. % e  everage weight of gold

dlaeolved In testa 82 to 24 inclusive without - ' ----- * * ‘ 1
1.22 milligrams as compared to 1.95 milligrams for tests 85 to 27 

Inclusive with activated carbon. The wide fluctuation of results 

in these tests, however, hardly make a direct comparison worth while.
• .‘t : :Tests 28 to 39 Inclusive

A new lot of sheet gold was used for tests 28 to 39 inclusive, 

and special pains were taken with the preparation of the gold sur

faces. The results of these tests presented in table 23, gave

consistent results than heretofore obtained.

fable 23 - Rates of Dissolution with ssa

»st Cyanide. per cent Charcoal 
g r e a t s _

_ ....  We
Finish

" -w.w
Start
(a)Start Finish

28 o.ou 78.22 0.25
29 .011 None____ 81.43 78.11 ..™

.011 Hone _ 7 5 . 3 5 3.14
31 .0148 — 2 74.14 71.07 3.07
32 .0148 2 79.46 2.81
33 .0148 — 2 80.58 77.29 5.29

(b) ..
..3*— 0.011 0.0105 79.52 76.42 3.10

.011 .01 None 88.39 85.13
_36__ .011 .0105 None 81.63 78.34 3.29
37 .0148 .0105 ___2 . 85.76 3.64HZ .0148 .01 2 77.64 74.42 3722
t5L—. .0148 .01 2
and annealed.
(b) Washed with hot sodium hydroxide, cyanide, hot water, dried and 
annealed.

Interpretation of Results

1. The average of the results of tests 28 to 30 inclusive em

ploying straight eyanidatlcm showed that 2.73 milligrams of gold 

dissolved, whereas the average of the results of tests 31 to 33 in-



elusive euploylag charcoal cyanidation indicated that 3.22 milligrams 

of gold were dissolved, therefore, the charcoal cyanide pulps dis

solved 18.0 per cent more gold than straight cyanide pulps in a given 

time period.' ' " ■ /" ' ' "

2. The average of results of tests 34 to 36 inclusive eaploy-
- ̂ ' V ' ... . ' ' ■ '

lug straight eyeml#tion hut omittisg alcohol for drying showed that

3.22 milligrams of gold were dissolved, whereas the average of the 

results of tests 37 to 39 Inclusive employing charcoal cyanidation 

indicated that 3.37 milligrams of gold were dissolved. Therefore, 

the charcoal cyanide pulps dissolved 4.7 per cent more gold than 

the straight cyanide pulps in a given time period.

Tests 40 to 51 inclusive

Tests 40 to 51 inclusive were made with a finishing strength of 

approximately 0.05 per cent of cyanide. Although tests 1 to 8 in
clusive and 18 to 21 inclusive were also made with approximately
0.05 per cent of cyanide, it was believed desirable to make addi

tional tests 40 to 51 Inclusive, to obtain more data with respect 

to the higher cyanide concentration. The gold used for tests 40 

to 51 inclusive was the sheet gold remaining from tests 34 to 39 

inclusive. The results of tests 40 to 51 inclusive ere given In

table 24.



Table 24 - fit "1th Sheet Gold

■ g a g g a g gEI51EEi.£$?$*l
i a m m w M W : M

l i M l W E E p

MMaana

i ^ i * E a E a i « r a

mMmwmammmE
Interpretation of Hesults

1. deferring to table 24, the results of six tests employing 

solutions of 0.05 per cent finishing cyanide without activated carbon 

showed"a total of 14.70 

16.Q3r Milligrams using charcoal cyanide
. .. , |r - .... -w ...-a":

concentration. The presence of

creased rate of dissolution which amounted- to 9.0 per cent.

? h-

..'A/? - -
Kith
■‘"ill tlj

A summary of results of tests made with
• ." • ‘ ^ ,* *' - ■ . . <

in table 25. In preparing table 25,

the treatment of

130731



Tabl# 25 - Suiaaary of Results on Dissolution Rates of Sheet Gold

[Teat | Oyanide, per cent [ Charcoal, it of Gelg, mgg. | Description
No. Start 1 Finish 1__sraae. Stort 1 Finish Dissolved] of Gold used
2 0.05 — None. 135.59 5#01 From Test 5
3 .05 — Hone 137. « 131.77 ...---5*8#... From Test 6
4 .05 — Hone 130.18 124.39 From Test 7
6- .05 10 143.45 137.63 5.®2 From Test 1
7 .05 10 _ .135.59 130.18 5.41 From Test 28 .05 10 131.77 125.34 6.43 From Test 3■ p

18 .05 Hbae 67.35 64.95 2.40 (
19 •05 Hone 75.69 73.70 1.99 (a
20 .05 0.042 2 -71.79 69.54 2.25 e)21 .05 2 75.19 72.40 2.79 a i

40 .052 Hone 76.42 74.35 2.07 From Test 34
41 .052 .051 Hoae 83.13 83.06 2.07 From Test 35
42 .052 .. .051 Hone 78.34 75.75 2.59 From Test 36
43 .058 #060 2 85.76 82.95 From Test 37
44 .058- .051 2 74.42 72.05 2.37 From Test 3846 .058 .048 2 76.50 73.94 2.5$ ?ron T.et 39

46 .052 None 74.35 71.95 2.40 From Test 40
47 .052 Hone 83.06 00.31 2.75 From Test 41
48 .052 Mono 75.75 72.93 2.82 ' From Test 42
49 .058 — 2 82.95 79.97 2.98 From Test 43
50 .058 — 2 72.05 69.54 2.51 From Test 44
51 .058 — 2 73.94 71.14 2.00 From Test 45
29 .011 None 81.43 78.11 3.32 <>>____ _
30 .011 — None 78.49 75.35 3.14 i!b)34 .011 0.0105 None 79.52 76.42 3.10 jE
35 •on .01 Nbao 88.39 85.13 ..3.26 336 .011 . W e Hone 81.63 78.34 3.29 g
31 .014# 2 74.14 71.0? 3.07 i[b
33 .0148 — ..8 .. 80.58 77.29 3.29 <g
37 .0148 .0105 B 89.40 _ 85.76 3.64 <g
38 .0148 .01 2 77.64 74.42 3.22 ig
39 .0148 .01 2 79.76 76.50 3.26 iE(a)Washed ?jith sodium hydroxide, cyanide, water, alcohol, dried and 
annealed.
(b) V/ashed with sodiun hydroxide, cyanide, hot water, alcohol, dried 
and annealed.
(o) Washed with hot sodium hydroxide, cyanide, hot water, dried and
annealed.
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Interpretation of Results

1. The everago result of teste employing charcoal oyenidation 

showed en increase in dissolution rate over the average result of 

tests employing standard cyanidation. This difference was 3.55 

milligrams of gold per test, or 6.5 per cent more gold dissolved by 

charcoal oysnlde pulps them by straight eyealdetlon in a given time

P * r l ° 4 -  . . . - ,  ........ : . . . . . . .  :■ . ...

2. The rates of dissolution of gold employing sheet gold can

not, however, be correlated to the dissolution rates of gold from 

ore pulps due to the great difference in the area of the gold 

surfaces involved. < . , . -



Chapter VI

Conclusloaa and Ifecmanendattoas

% e  writer, from the results of the experimental work presented 

la this paper, offers the conclusions which follow:

1. The average extraction of gold from four cyanide tests on 

the May Lundy tailing was 75.5 per cent for 24 hours of agitation as 

compared to 76.f per cent for four charcoal cyanide tests for 16 hours 

of agitation*

2i The average extraction of gold from four cyanide tests on 

the Pioacho ore was 39.2 per cent as compared to 89.1 per cent for 

four charcoal oyenlin teste* the time of agitation constant.

3. .The average extraction of gold from four cyanide tests on 

the Eagle Shmmit ore was 72.S per cent as compared to 77.6 per cent 

for seven charcoal cyanide tests.

4. The results of the cyclic test on the Eagle Shawmut ore in

dicated that there was little, if any, cumulative loss in the extraction 

of gold due to the fouling of solutions or carbon by reagents.

5. Normal cyonidetion employing very dilute cyanide concentra

tions of 0.02 to 0.002 per cent showed marked decreases in the 
dissolution rate of gold from ore pulps as the concentration of the 

cyanide decreased.

6. Charcoal cyaeidation of ore pulps employing very dilute eye- 

aide concentrations showed an increase in extraction over that made by 

normal cyaeidation, and in many instances effecting an extraction as 

high eg that obtained by the maximum cyanide concentration used over



a longer period of agitation*

7. Tho average of each series of tests employing sheet gold

showed that the use of charcoal cysnidation resulted in a faster rate 

at dissolution of gold than normal cysnidation with the same finish- 

ing concentration of cyanide. - :

8. The writer cannot suggest any method of securing more re-
' . . . .  v , .. .: /

liable data for deteralnation of dissolution rates of gold from tests 

using sheet gold.  ̂ !

9. To ascertain whether there is a possible flotation effect in 

charcoal oyanidation of ores, the writer suggests that a. flotation 

test-be riado on e large scale to obtain a gold charcoal concentrate 

which would then be treated with sodium amalgam to determine the 

presence of uaedsorbed gold. A tost should then be made with sodium 

amalgam on gold hearing.charcoal prepared from a pregnant g^Ld oym- 

nide solution. In the event that some of the gold in the charcoal 

prepared from: an ore pulp is recovered by.amalgamation end that

none can be amalgamated;from the charcoal prepared from the 

pregnant solution it could be rather safely assumed that some of 

the gold in the charcoal cyanide process is being floated rather 

than dissolved end adsorbed*
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