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THB EFFECT OF aRIM)XH& OH TEE 
KLOATABILI1̂  bW AOTIVA^D 6HAS50AL 

gHOM QRii; iFULPS

CHAPTSB I

INTRODUCHOH

In July, 1941  ̂ certain meohanleal diffieulties were 
encountered in activating finely ground charcoal at a

. t i ' •

pilot plant employing the charcoal-cyanidation process at 
Salome, Arizona. The method employed for activation of 
the charcoal comprised placing the finely ground material 
in a cylindrical iron container of approximately 100- 
pound capacity and heating to about 600° 0. The container 
was equipped with a vent for the escape of moisture and 
adsorbed gases. The chief mechanical difficulty encountered 
was due to the rapid release of adsorbed gases which in 
turn caused spurting of charcoal through the vent with 
consequent serious loss of charcoal and danger of explosions. 
In addition to the mechanical difficulty described, the 
method was costly due to the low heat conductivity of 
finely ground charcoal which resulted in low capacity of 
activation and high fuel cost.

In view of the disadvantages described, T. G« Chapman*'

(1) Chapman, Thomas , Personal Communication, April 12, 194-6
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ezperimeatea with the aotlration. of coarse charcoal^ from 
1 to i inch sizes. He used an open assay muffle and found 
that a charcoal could he produced inthis manner with satis
factory adsorptive > properties for the purpose desired, namely, 
the adsorption of soluble gold from cyanide solutions. Chapman 
also determined that the dry grinding of such an activated 
coarse charcoal, which was a necessary step in its use for the 
purpose described, seriously affected its floatahility and 
that if its floatahility could not be improved by further 
experimental work, the method of activation of coarse sizes 
could not be employed.

The purpose of the experimental work described in this 
paper was to investigate the possibilities of improving the 
flotation properties of dry ground charcoals activated in 
relatively coarse sizes.

A survey of the literature did not reveal much infor
mation directly bearing on the subject but a survey did reveal 
the various steps which have been taken for the development 
of the oharcoal-oyanidation process of treatment at the 
University of Arizona which indirectly were related to the 
subject.

T. G. Chapman2 has described a process involving use 
of activated charcoal based on the simultaneous dissolution 
and adsorption of gold from cyanide solutions in ore pulps.

Chapman, T. Gr., A tiyanide Process Based on the Simultaneous
Dissolution and Adsorption of Gold, Milling Methods, Am.
Inst. Min. and Met. Sngrs., Vol. 134 (19397, P- 207



D. D. Rabb^ found in the aotiration of charcoal for the; '
adsorption of gold from oyanide solution that (1) rapid 
cooling by dip-quenching of an open container in water gave 
an improved adsorptive charcoal, (2) a temperature of -I45O0 F, 
produced & more satisfactory charcoal with respect to -adsorp
tive properties than any lower temperature, (3) charcoals 
properly activated and stored in closed hut not sealed con
tainers lost only 3*64 to 4,85 per cent of its adsorptive 
efficiency in a period of one year, (4) fine grinding to 
minus 150-mesh is essential to satisfactory recovery of 
charcoal by flotation, and (5) upon activation it was 
observed that the sooty amorphous appearance of finely 
ground (150-mesh) charcoal changes and becomes shiny and 
slightly graphitic. If the charcoal is ground after
activation there seems to be considerable finely divided 

: - : - ' -■ • ■ ‘ • ■ ' . ■
carbon present which is difficult to float from the ore
pulp. This material is not so noticeably present if the 
charcoal is ground and then activated.

The experimental work of Jf, 1. Evans^ comprised (1 ) 
methods for assaying gold-bearing carbonaceous materials,
(2) the cleaning of carbonaceous flotation concentrates,
(3) the extraction of the gold by amalgamation from the 
calcines of carbonaceous concentrate, and (4) the extraction

(3) kabb, D. 1)., fhe Motivation of Carbon for the Adsorption 
of Gold from Cyanide Elutions, Thesis, Univ. of Arizona,

■ 1938 1 ■ ■■ •  ̂ ' •. ■ :
(4 ) Evans, 2?. L., ^covery of Gold from Carbonaceous Material, 

Thesis, Univ. of Arizona, 1938



of gold from the calcines of carbonaceous concentrates by 
chlorination. : / \ ; - ■

H. D. Houghton^ worked on the extraction of gold directly 
from gold bearing carbonaceous products using sodium sulphide, 
and sodium sulphide-sodium hydroxide solutions.

J. H. Soule^ experimented vdth the removal of carbon 
from special flotation concentrates by (1) combustion in a 
muffle type of furnace, (2) burning by down draft technique, 
and (3) combustion in a brazier type( of burner. ;

H. B. Stewart^ and J. 0. Loving® investigated the 
accelerating effect of presence of activated carbon on the 
dissolution of gold when employing very dilute cyanide 
solutions and found a decided acceleration in the presence 
of activated carbon.

J. Y. Monfort? experimented with various frothing 
reagents for the flotation of activated carbon.

Referring to the survey of the literature as given, 
the only statement found which very directly bears upon the 
problem is contained in Babb’s ^  thesis and this statement

(5 ) Houghton, N. D. Jr., I'he Extraction of floM from Special 
notation Concentrates, Thesis, Univ. of Arizona, 1939

(6) Soule, J. H., The Removal of Carbon from Special flotation 
Concentrates, Thesis, Baiv. of Arizona, 1939

(7) Stewart, H. B., Experimental Work With Very Dilute Cyanide 
Concentrations in the Treatment ,of Gold Ores, Thesis,
Dniv. of Arizona, 1940

(8) Loving, 3*. C., The Effect of Activated Charcoal on the 
Rate of Dissolving Gold by Cyanide, Thesis, Univ. of 
Arizona, 1941

(9) Monfort, J. Y., A Study of Frothing Reagents for the 
flotation of Activated Carbon, Thesis, Univ. of Arizona,

, - 1 9 a  ; .(10) Babb, op. cit., p. 38
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is eonsidered to be of sufficient Importance to be repeated 
as follows:

"Upon activation It was observed that the , :
sooty amorphous appearance of finely ground 
{150-mesh) charcoal changes and becomes shiny 
and slightly graphitic. If the charcoal Is 
ground after activation there seems to be. 
considerable finely divided carbon present 

. which is difficult to filter from the solution.
This material is not so noticeably present if 
the charcoal is ground then activated, the 
pregnant charcoal may then be settled and 
filtered from solution by ordinary means, 
completely and easily."



1 ‘ ' ' ’ ■ .. ■ ■ G&l&Tm H  ' ■ . , ' , ■ -

MATERIALS AID EXPEBXMENTAL mTBODS OF PROCEDURE 
The pin© charcoal used for ~bhia experimental v/ork was 

obtained from the Southern Pine Chemical .Company of Jackson
ville, Florida. In a communication13- received from this 
company, it was stated that this charcoal was prepared from 
stumps of wood, reclaimed ten or twelve years after the 
original cutting; thus allowing the pitch to accumulate,
The stumps were retorted to extract volatile substances 
and to obtain charcoal as a by-product*

.: The charcoal as received was sized to minus one inch 
and plus one-quarter inch and activated as needed in the 
open muffle of an assay furnace^ the charcoal being placed 
on a wire screen* In activation, the volatile matter was 
largely removed and the temperature of the carbon was raised 
to incandescence for a period of six and one-half minutes* 

The charcoals used In the final experimental work were 
cooled by dipping a closed motal container into cold water 
and were dry stage ground to pass a 150-mesh screen in a 
laboratory Abbe mill with a ball to charcoal weight ratio 
of 18*5 to 1 * These charcoals were also: (1 ) heat treated 
at various temperatures maintaining constant time periods» 
(2) heat treated for various time periods maintaining the

tllj Ohapman, l1. 0., Personal Communication, Sept* 1 9# 1V41
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temperature constant, and (3) chemically treatedg Each 
charcoal was tested for adsorptive power employing pregnant 
gold solutions and tested for floatability from ore pulps 
containing gold, lime, and cyanide.

Other methods of activating and grinding were used in 
the preliminary tests and these procedures will be described 
in the individual tests.

The ore used in the experimental work was Harq.ua Kala 
tailing, a slimy silioious material containing not more than 
a trace of sulphides and with a heads assay of 0.077 ounce 
of gold per ton. The procedure used in laboratory testing 
was to agitate 500 grams of the tailing with 165 c.o. of 
water, 1.0 pound of lime, 4.0 pounds of activated charcoal, 
and 1.0 pound of sodium cyanide per ton of ore in an open 
bottle placed on revolving rolls for 48 hours. After

' - 1 j  • • •

agitation, solids were allowed to settle and a sample of 
the clear solution was removed for determination of free 
cyanide and lime. The ore pulp was then transferred to a 
500-gram capacity Denver Sub-A laboratory flotation machine 
and flotation reagents added and conditioned for five minutes 
The following flow sheet shows the above procedure and the 
final steps to test the floatability of the charcoal.



Tailing. Water* Lime, Cyanide. Charcoal
■ ' .. • • - . ' f ■ . ■

Agitata ̂ 8  hours
Ooniltion 5 minutes %vith flotation reagents

m o a t

Oonoentrate 
' T ~  

Refloat
Primary Oonoantrate

4 :.
Dry, weigh, 
and assay.

WffSaF"
4

Discard

Middling 
Decent

^ 1 -

Tilling

Add 2 lbs. charcoal 
per ton of tailing

.......  ' ....+ .

Agitata 15 minutes

Condition 5 mins. 
with reagents

FlLt
— ..........  . . 1  i . . . . . ,  i

Settle
Darren Solution

Evaporate in 
casserole and 

assay.

Concentrate 
4 '

Refloat
Secondary Concentrate
Dryi weigh, 
and assay.

Middling
l Z—

failings
Dry, weigh, 
and assay.
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f!b© reason for ®nploying the above flow sheet was that 
T.. 6. Gha$man^ found that a two-stage process, whereby fresh 
carbon was added to the tailing pulp of the first stage, rough 
floated, and advanced to the first stage, gave a maximum, 
extraction of carbon by flotation.

To test the adsorptive powers of the various prepared 
charcoals, single stage adsorptive tests were made by adding 
one gram of carbon to a solution of 168 cubic centimeters 
containing 0 .8 9 milligrams of gold. The pregnant solution 
and the activated charcoal mixture was agitated for one 
hour in an open bottle on revolving rolls, after which the 
carbon was separated from the solution by filtration and 
washed. The folded filter paper with the gold-bearing 
charcoal was then placed-in a scorifying dish and the filter 
paper charred in ah open muffle* The charred filter paper 
was added to a 20-gram crucible with a regular charge of 
assay fluxes, extreme care being taken to prevent possible 
dusting* This charge was then assayed by standard methods.

(1 2) Chapman, op. elh., p. 20?
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CHAPUR in

PRELIMINARY EXPERIMENTAL W m

Qualitative Settling Testa
The object of thebe qualitative settling tests was 

to observe the physical character of charcoal ground before 
and after activation*

One gram of ground charcoal (150-mesh) was placed in 
an 8-lnoh test tube containing water and then shaken 
vigorously. In all tests a considerable evolution of 
occluded gases was noticed after shaking. The settling 
rates wore observed for a period of 3 days* It was found 
that the charcoal that was activated before grinding would 
not settle after standing 3 days; The ehareoal that was 
ground before activation and heat treated activated charcoal 
settled more rapidly than charcoal that was ground after 
activation* Activated charcoal that was heat treated would 
settle more rapidly as the temperature was increased from 
350° to 1350° P., and at 1350° I, the charcoal would settle 
and provide a clear solution within 30 minutes.
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Prellmlaary Tests 1 to 12 inclusive
In general, the object of the preliminary aeml-q.uanti- 

tative Tests 1 to 12 inclusive was to determine the effects 
of temperature, time, and kind of charooal in the heat treat
ment of dry pulverizer stage ground activated charcoal with 
respect to its floatability from ora pulps. The assumption 
was made, although subject to some error, that the difference 
in gold extracted in Tests 1 to 21 inclusive was due to the 
difference in the floatability of the various charcoals.

j&ffeet of Temperature
Samples of dry ground activated pine charcoal in Tests 

1 to 7 inclusive were heated for 45 minutes to temperatures 
from 350° to 1350° SV and cooled by dipping the closed con
tainer in cold water. The heat and non-heat treated char
coals were tested for 48 hours in ore pulps containing gold, 
lime, and cyanide. The results of these tests are given in 
Table 1.
Table 1 - Effect of Temperature
ifest
No.

Temp, 
deg, F.

E®agents, lbs. 
per ton of ore

Extraction of (Sold,
per cent

Fine
Oil

Amyl
Zanthate

Primary
Concen
trate

Secondary
Concen
trate

Total
Concen
trate

1 (a) 0 .1 3 0.12 1 8 .8 I5 7T # . 9
2 '" 0 .1 3 J-5 .9 12. i> 2 8 .4
3 - c # 1- Vi 0.12 "7 F ? xl.9 4 5 .4
4 V . u 0.12 41»5 I8.0 1 6 0 .1
5 ,950 0 .1 3 0.12 .45.1^ 2 1 .0 0 0 .1
6 0 .i3 0 .1 2 - 0 6 .8 271 * 74 .9
7 1350 T).13 7 2 .3 --- 77j--- — 7977—

(a) Hot heat treated
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Interpretation of Hesuits
Referring to Table 1* the results of Tests 1 to 7 

Inclusive, indicated that all heat treated and the non
heat treated charcoals tested yielded unsatisfactory ex
tractions of gold from ore gulps. In Tests 2 to 7 inclusive 
It was shorn that the extraction of gold increased as the 
temperature of the charcoal heat treatment was Increased 
from 350° to 1350° F.
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Bf£eot o£ B a a
Samples of dry ground activated.plno charcoal were heat 

treated at 950° I. for periods of 1 to 4 hours and cooled by 
dipping the closed container into cold water. The heat treat
ed charcoals were agitated for 48 hours in ore pulps containing 
gold, lime, and cyanide. The results of these tests are given 
in Table 2.
Table 2 - Effect of Time
Test
So.

" H i e .
Hrs.

tieagents, lbs. 
per ton of ore

Extraction of Gold, 
per centPineOil Kero

sene
imyl
Xan-
thate

Primary 
Concen
trate..

Secondary
Conoen-

Total
Concen
trate

8 1 0.15 0.10 0.12 78 .5 M 8 5 .6
9 2 0.10 0.12. 8 2 .7 h#5___ 87.2
10 4 i 0.10 0.12 __ td___ 8 3 .1

Interpretation of Results
The results tabulated in Table 2 indicate that the high

est extraction of gold-bearing charcoal was obtained by heat 
treatment of the activated pin® charcoal for 2 hours. It is 
believed, however, that the experimental error involved in 
the tests might be within the difference JLn extraction of 
Tests 9 and 1 0, namely 4*1 per cent. The general conclusion 
to the effect that increased time beyond 45 minutes employed 
in Tests 2 to 7 inclusive improves the adsorptive power or 
floatabillty of the charcoal is believed justified.
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Comparlsion of Pine and Walnut Shell Charcoals
Samples of dry pulverizer stage ground activated walnut 

shell charcoal were heat treated at 950° F. for 1 and 2 hours
and cooled by dipping the closed container Into cold water. 
The heat treated charcoals were tested for 48 hours in ore 
pulps containing gold, lime, and cyanide. The samples of 
dry pulverizer stage ground activated pine charcoal were
prepared and tested in the same manner as the walnut shell.
The results of these tests are given in Table 3,
Table 3 - Comparison of pine and walnut shell charcoals
iestlELad of 
Ito, Charcoal

Time
Hrs.

iioagents, lbs .
« t of ore
Oil

ro» 
sone

Amyl
Zan-

Hztraction of Cold, 
>or cent■ nor ce

Primary | Second
Conoen-

lary 
Gonoen-

Totai
Oonoen-

"Hne
trate

Interpretation of Hesuits
The results tabulated in Table 3 indicate that dry 

ground activated pine charcoal gave appreciably higher 
extractions of gold from ore pulps than walnut shell char
coal.
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Proliininary feats 13 to 15 inclusive
In general, the object of the preliminary seni-quanti- ' 

tatlve Tests 13 to 15 inclusive was to determine the effects 
of various flotation reagents in the flotation of heat.and 
non-heat treated dry pulverizer stage ground activated pin© 
charcoal from ore pulps.

Comparison of Reagents on the ffloatability of Non-heat 
Treated Activated Charcoal

Samples of dry ground non-heat treated activated char
coal were tested for 48 hours in ore pulps containing gold*, 
lime* and cyanide. The gold-bearing ©hareoal was then 
floated by use of pine oil and amyl xanthate in Test 1 and 
a mixture of 40 and 60 per cents of pine oil and kerosene 
respectively with amyl xanthate in Test 13. Results of the 
tests appear in Table 4. .
Table 4 - Comparison of reagents on floatability of dry 
ground non-heat treated activated charcoal
lest
No.

Reagents, lbs. per ton 
of ore

Extraction of Gold, 
per cent

Pine 
. Oil

Kero
sene

Amyl.
Xan-
thate

Primary
Concen
trate

secondary
Concen
trate

Total 
Concen- 

... trate
1 0 .1 3 — • J.12 18 .8 18 .1

13 0.13 0.10 0.12 65 .5 ___ M _

Interpretation of Results
The extractions of gold in both tests were low, namely 

36.9 and 73*3 per cents for Tests 1 and 13 respectively.. The 
kerosene used in Test 13 no doubt accounted for the higher 
extraction as compared to Test 1 ,
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Cogiparison of Reagents on the Floatability, of Boat Treated 
AQtivated Charcoal .

Samples of dry ground activated charcoal were heated to 
950° F. for 45 minutes and cooled by dipping the closed con
tainer in cold water* The heat treated activated charcoal 
was agitated for 48 hours in ore pulps containing gold, lime, 
and cyanide. The gold-bearing charcoal was then floated with
the following reagents (l) xanthato and pins oil in Test 5,
(2) xanthate, pine oil, and kerosene in Test 1 4, and (3) xan-
thate with a mixture of 40 and 60 per cents of pine oil and 
kerosene respectively in Test 1 5* Results of these tests 
are given in Table 5*
Table 5 - Comparison of reagents on floatability of heat 
treated activated charcoals
T'est
No.

Reagents, lbs. per ion 
of ore

Extraction of Cold, 
percent

Pine
Oil

Kero
sene

Amyl
Xan
thate

Primary
Concen
trate

Secondary
Concen
trate

Total
Concen
trate

- J5 0 .1 3 . ■ — - 0.12 4 5 .1 21.0 '
0 .1 3 0.10 0.12 . 80 .5 ___ 3 .0

f f i e^L5 0 .1 3 0.10 0.12 8 0 .1 ___ ZiA___

Interpretation of Results
The extractions of gold in Teats 14 and 15 were satis

factory but that of Test 5 was unsatisfactory* The kerosene 
used in Tests 14 and 15 no doubt accounted for the higher 
extractions as compared to Test 5. Although the mixture of 
40 and 6© per cents of pine oil and kerosene respectively in 
Test 15 gave a higher extraction than when these two reagents 
were added separately to the ore pulp as in Test 14 it is



believed that the experimental error involved might explain 
the difference in the extractions of Tests 14 and 1 5*



Preliminary Tests 16 to 18 .inclusive’, Chemical Treatment 
of Activated Charcoal . : .

The object of the ^eliadiMUcy sehi-qhaaMtative Tests 
16' "to 18 inclusive was to render cblioidal charcoal float
able by Chemical treatment* T W  activated pine charcoal 
was ground in one stage in a pulverizer to O-mesh* In 
Tests 16 aid 17 altmi solutions containing 0.01 and 0.06 
per cents alum respectively were agitated with the charcoal 
for 30 minutes. In Test 18 Texaco soluble bill 4  drops per 
6 c.cl of pulp, v/as substituted for alum. The pulps were - 
filtered and washed and the charcoal then added to ore pulps 
containing gold, limo, and cyanide. The ore pulps, after 
4-8 hours agitation ;vero floated employing 0.13 and 0.2 
pound per ton of ore. of pine oil and amyl xanthate respeo- 
tivolyi The results of Tests 16 and 18 inclusive are given
in Table 6* •  ̂ ;' . '
Table 6 Chemical treatment
Test ..
No.

. Chemical» lbs* per ton 
of Charcoal

Extraction of gold, per 
cent by single stage 

flotation• Alum Texaco Soluble 
Oil -

16 2.0 . •* - ___ 19*0
17 12*0 1 6 .1
18 8 2 .0 33 .8

Interpretation of Results
The results of Tests 16 to IS inclusive, as shown in

. • ■ •t - . . .  ■ . - -

Table 6, indicated that the chemically treated colloidal 

charcoal gave unsatisfactory extraction of gold from ore 
pulps by flotation. In making these tests it should be 
noted that the charcoal was intentionally overground.
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PreXimlnary Tests 1 3. 1 9. and 20. Comparison of Various 
Methods of Dry Grinding Activated Ciiarooal .

In general, the object of the preliminary semi-quanti- 
tative Tests 13, 1 9. and 20 was to compare the effects of 
rarious methods of dry grinding activated pine charcoal with 
respect to its floatability from ore pulps.

Comparison of Pulverizer Grinds
The object of Tests 13 and 19 was to compare a pulverizer 

overground charcoal with a pulverizer stage ground charcoal. 
The ground samples were tested for 48 hours in ore pulps 
containing gold, lime, and cyanide. Amyl xanthate and a 
mixture of 40 and 60 per cents respectively of pine oil and 
kerosene were used as flotation reagents. The results are 
given in Table 7.

• Table 7 - Comparison of overground and stage ground charcoals
Test
Ho.

Reagents, lbs. per 
ton of ore

Extraction of Gold, 
per cent

Pine
Oil

Kero
sene

Amyl
4am-
thate

Primary
Concen
trate

Secondary 
Concern-. 
trate

Total
Concen
trate

,a 0.13i 0.10 0.12 30.2 ___ 5 .3
13 b 0.13 0.10 0.12 65 .5 7 .8 7 3 .3

(a) Overground lb) Stage ground

Interpretation of Results
The results given in Table 7 show that the finely 

divided overground charcoal in Test 19 was very difficult to 
float from an ore pulp as compared to the stage ground char
coal in Test 13.
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Coaparisoh of Pulverizer and Abbe Mill Grinds
The object of preliminary Tests 1 and 20 was to compare 

the pulverizer dry stage gr i M  of activated charcoal to char
coal stage ground in a laboratory Abbe mill. The samples 
were tested for 48 hours in ore pulps containing gold, lime, 
and cyanide. Amyl xanthate and pine oil were used as flota
tion reagents. The results are shown in Table 8.
Table 8 - Comparison of pulverizer and Abbe mill grinds

Ho.
Reagents, lbs. per ton 

of ore
Extraction of Gold, 

per cent
Pine Oil Amyl| Xanthate Primary 

Concen- 
- trate

Secondary
Concen
trate

Total
Concen
trate

l(a) :___0. JLl__ 0.12 T § . 8 .. 1 8.1 ■_ 3 6 .9
0.]E Z l 0.12 1 9 .8 1 5 .2 35+0

(a) Pulverizer grind (b) Abbe mill grind 

Interpretation of Results
Prom the results of the tests presented in Table 8, the 

extractions of gold obtained in both tests although unsatis
factory were approximately the same.
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Prcliiidnary Testa 1 and 21. Comparison of Methods for the 
Aativatlon-of Coarse P-lne Charcoal

JEn ̂ general the:'ohject of the sml-quantitative Tests 1 and 
:21'.:was^to-nomparo ĥ q thods for the aetiTation of ooarse pine ehar- 
ooal with rospect to floatahllity fran ore pulps after grinding, 

.The charcoal in -feet 1 was prepared by activating on a wire 
screen in an-open assay muffle whereas the charcoal in Test 21 

was activated in a closed preheated crucible in an assay muffle. 
In both cases the charcoals were heated to incandescence and 
cooled by dipping the closed container in cold water. . .

The activated charcoals» dry pulverizer stage ground, were 
tested for 48 hours in ore pulps containing gold, lime and 
cyanide. The results of Test 1 and 21 are shown in Table 9. 
Table 9 - Methods of activating coarse charcoal
Test
No.

Reagents,
______ - - - 01

lbs* per ton 
r ore

Extraction of Gold, 
per cent

Pine Oil Amyl Xanthate Primary 
Concen
trate .

Secondary
.Coneen- 
• trate

Total
Conoen-
trate

1 (a) 0 .1 3 0.12 _ 1 8 .8 1^.1
0 .1 3 0.12 4 9 .5 1 2 .3 .61V 8

(a) Activated on wire screen (b) Activated in closed pre
heated crucible

Interpretation of Results
Referring to Table 9 the results presented indicated a 

higher extraction of gold by coarse charcoal that was activated 
in a preheated crucible as:compared to coarse charcoal that was 
'-aoMvated^otifafwJ^ei-nej^en^Thy.-dlffereneasiliimextraotion is 
believed largely due to the difference in rate of cooling the 
activated charcoal rather than the floatability of the charcoal.
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, . . The writer believes that, on the basis of the experi
mental results presented in the preliminary tests, the follow
ing conclusions are justified.

1. Charcoal that was ground before activation.and heat 
treated activated charooal settled more rapidly in water 
than charcoal that was ground after activation.

2« The extraction of gold from ore pulps increased 
proportionally as the temperature of heat treatment of 
activated charcoal was increased from 350 to 1350° IV 

3* Increased time of heat treatment of activated 
ehareoal improved its adsorptive power of floatability 
from ore pulps* .

4 * Dry ground activated pine charcoal gave very . 
appreciably higher extractions of gold from ore pulps 
than dry ground activated walnut shell*

5> In flotation tests using non-heat treated activated 
charcoals, kerosene, pine oil, and amyl xanthata gava a . 
higher extraction of gold than pine oil and amyl xanthata.

6. In flotation tests using heat treated activated 
charcoals, a mixture of 40 and 60 per cents of pine oil- . 
kerosene respectively and amyl xanthata gave a higher 
extraction of gold than either pine oil-xanthate or xan- 
thate, pine oil, and kerosene added separately*

7* Colloidal charcoals that were chemically treated 
with alum, and Texaco soluble oil gave unsatisfactory
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extraotions of gold from ore pulps.
8. Overground oharcoal is very difficult to float from 

ore pulps as compered to stage ground oharcoal.
9. Extractions of gold by pulverizer and Abbe mill dry 

stage ground charcoals were approximately the same.
1 0. A higher extraction of gold by ccare® charcoal 

activated in. a preheated crucible was obtained as compared 
to coarse oharcoal activated on a wire screen.
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CHAPTER IV

: , . .. ; EIPERBIBNTAL >VORK

Heat Treatment of Dry Ground Activated Charcoal
In general, the main object of Tests 22 to 27 inclusive 

was to determine quantitatively the effect of temperature and 
time on the heat treatment of dry Abbe mill stage ground 
activated pine charcoal with respect to its floatabillty 
from ore pulps. In all tests, a mixture of 40 and 60 per 
cents of pine oil and kerosene respectively with amyl xan- 
thate were employed as the flotation reagents.

Another object of these tests was to determine the 
adsorption properties of these charcoals. Adsorption tests 
were made by agitating the various charcoals for 1 hour in 
a pregnant gold solution as described in Chapter II, page 9.

Effect of Temperature
Samples of dry ground activated pine ehareoal in Tests 

23 and 24 were heated for 2 hours to temperatures of 950 and 
1450° F. respectively and cooled by dipping the closed con
tainer in cold water. The non-heat treated (Test]22) and 
beat treated charcoals were tested for 48 hours in ore pulps 
containing gold, lime, and cyanide as described in Chapter II, 
page 7 * The results of these tests are given in Table 1 0.
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Table 10 - Effect of temperature
*9St:Jo.„_ ... ....._.... .. 22 . 23 .__ __ 24
Temperature, deg. F. (a) 950 U 56

Reagents, lbs. per ton of ore
Fine oil 0 .1 3 0.13 0 .1 3
Kerosene 0.10 0.10 0.10
Amyl xanthate 0.12 0.12 0.12

Gold, per cent
Concentrates 5 1 .4 65.8 8 6 ,3Barren solution 2.0 2.0 1.1
Tailing(b) 46.6 12.2 12.6

Assays, ounce gold per ton 
Barren solution 0.0003 0.0003 0.0003
Tailing(b) 0 .0 4 0.01 0.01

Adsorption Test,
Extraction, per cent 96.6 91.0 9 8 .9

(a) Ho reheating (b) Included secondary middling

Interpretation of Results
Referring to Table 1 0, the results of Tests 22 to 24 

Inclusive Indicated non-heat treated activated charcoal gave 
an unsatisfactory extraction of gold-bearing charcoal from 
an ore pulp whereas the charcoals heat treated at 950 and 
1450° F. gave satisfactory extractions* It can be noted 
that the barren solution assays in Test 22 and 23 were 
0.0003 ounce of gold per ton; therefore, the low extraction 
of gold is definitely attributed to poor floatabllity of 
non-heat treated charcoal•
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Effect of Time ,
Samples of dry ground activated pine charcoal in Tests

' ' ' ■' - - ■ ■ Q
23 and 25 to 27 inclusive were heat treated at 950 F. for 
1 to 4 hours and cooled ty dipping the closed container in 
cold water* The heat treated charcoals were agitated for 
48 hours in ore pulps containing gold, lime# and cyanide as 
described in Chapter II# page 7• The results of these tests 
are shown in Table 11*
Table 11 - Effect of time •
Test Ho. 25 23 25 ~ Z 7Time, hours 1 2 3 4

Reagents# lbs. per ton 
Pine oil 0*13 0*13 0 .1 3 0.13
Kerosene 0.10 0.10 0.10 0.10
Amyl xanthate 0.12 0.12 0.12 0.12

Gold# per cent 
... Concentrates 85*4 85.8 8 5 .1 85.6

Barren solution 2.2 2.0 2.1 2.0
Tailing(a) 12.4 12*2 12.8 12*4

Assays, ounce gold per ton 
Barren solution 0.0003 O.OOO3 O.OOO3 0.0003
Tailing(a) 0.01 0.01 0.01 0.01

Adsorption Tests#
Extraction. per cent 9 2 .1 9 1 .0 9 3 .3 94*4

(a) Included secondary middling

Interpretation of Hesuits
, The results tabulated in Table 11 indicated that increasing 

the time of heat treatment beyond 1 hour did not impair the 
adsorptive power or float&bllity of the charcoals. Heating 
for 45 minutes (Test 5) was not however sufficient for satis
factory results. It is believed that the essential factor
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in connection with time periods is the heat eoMuotivity of 
the finely ground charcoal. Apparently it took between 4 5 . 
and 60 minutes for the charcoal to reach the desired temper
ature and the effect of additional time after the temperature 
is reached is negligible. ‘
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Gtmparlson of Flotation Reagents
In "eneral, the object of the.quantltatiT© Tests 22, 23, 

25 to 27 Inclusive, and 28 to 40 inclusive was to determine 
the effects of various flotation reagents on the extraction 
of heat and non-heat treated dry Abbe mill stage' ground 
activated pine charcoal from ore pulps.

Another object of. the above tests was to determine the 
adsorptive properties of these charcoals. Adsorption tests 
were made by agitating the various charcoals for 1 hour in 
a pregnant gold solution as described in Chapter II, page 9*

Comparison of Reagents on the Float ability of Non-heat 
Treated Charcoal

Samples of dry non-heat treated activated charcoals were 
tested for 48 hours in ore pulps containing gold, lime, and 
cyanide as described in Chapter II, page ?• The gold-bearing- 
charcoals were floated by use of (1 ) a mixture of 40 and 60 

per cents of pine oil and kerosene respectively with amyl 
xanthate in Test 22, (2 ) pine oil and amyl xanthate in Test 
28, (3) pine oil, fuel oil, and amyl xanthate in Test 29, 
and (4 ) pine oil and. fuel oil in Test 30. Results of 
these tests appear in Table 1 2.



-29-

gable 12 — Oosaparlson of flotation reagents on non-heat 
treated ohareoal
feat too. 22 28 29 ^0 "• ...
Heagants, lbs. per ton 

Pine oil 0.13 0.13 0.13 0.13
Kerosene 0.10
fuel oil 0.10 0.10
Amyl xanthate 0.12 0.12 0.12

Gold, per cent ■ '
Concentrates 51*4 53.6 67.2 67.8
Barren solution 2.0 2.0 1.8 1.7falling (a) 46.6 44.4 31.0 30.5

Assays, ounce gold per ton 
Barren solution 0 .0003 0 .0003 0 .0003 0.0003Tailing(a) 0.04 0.036 0.026 0.026

Adsorption Tests
Extraction, per cent 96.6 96.6 96.6

(a) Included secondary middling

Interpretation of Results
deferring to %ble 12, the extractions of gold-bearing 

charcoals that were non-heat treated after activation were 
unsatisfactory. The fuel oil In Tests 29 and 30 no doubt 
accounted for the higher extractions of gold-bearing char
coals as compared to the results of Tests 22 and 28. The 
omission of amyl xanthate in Test 30 did not appreciably 
affect the extraction of gold. t
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Samples cf, dry ground activated charcoal vrer® heated to 
950° F, for 1 hour and cooled "by dipping the closed container 
in'cold water. The heat treated activated charcoals were 
agitated for 48 hours in ore pulps containing gold, lime, and 
cyanide as described in Chapter II, page 7* The gold-bearing 
charcoals were floated with the following flotation reagents 
(1) a mixture of 40 and 60 per cents of pine oil and kerosene 
respectively with amyl xanthat© in Test 25, (2) pine oil and 
amyl xanthate in Test 28, (3) pin® oil and fuel oil in Test 
29* and (4) pine oil, fuel oil, and amyl xanthate in Test 30. 
Results of these tests are given in Table 13.

Coraparison of Reagents ©a the Jloatability of Charcoals Heat
Treated for 1 Hour

Table 13 - Comparison of reagents on the floatability of ohar- 
coal heat treated for 1 hour
Blest No. 25 28 --------

Reagents, lbs.„per ton 
Pine oil 0 .1 3 0.13 0.13 0.13
Kerosene 0.10 —

Fuel oil 0 .1 0 0.10
Amyl xanthate 0.12 0.12 0.12

Sold, per cent
Concentrates 85*4 75.9 8 5 .8 86.1
Barren solution 2.2 1.8 1 .9 1.8
Tailing(a) 12.4 22.3 1 2 .3 12.1

Assays* ounce gold per ton . -

Barren solution 0.0003 0.0003 0.0003 0 .0003
Tailing(a) 0.01 0.02 0.01 0.01

Adsorption tost*
Extraction, ner cent 92*1 92*1 92.1 92*1

(a) Included secondary middling
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Interoratation of Results .
In these tests using ©hareoal that was heat treated for 

1 hour, extraction of gold-hearing charcoal employing the 
reagents pine oil and amyl xanthate in Test 28 was low. The 
fuel oil in Tests 29 and 30 and the kerosene in Test 25 no 
doubt accounted for the higher extraction of gold-bearing 
charcoal. It appears necessary to use either fuel oil or 
kerosene for satisfactory flotation extractions.
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Samples of dry ground activated charcoals were heated to 
.950° for 2 hours and. cooled hy dipping the closed Container 
in cold water. The heat treated activated charcoals were 
tested for 48 hours in ore pulps containing gold^ lime, and 
, cyanide as described in Chapter II, page 7* The gold-bearing 
charcoals were floated with the following flotation reagents 
(1 ) a mixture of 40 and 60 per cents of pine oil and kerosene 
respectively with amyl xanthate in Test 23, (2) pine oil and 
fuel oil in Test 31, (3) pine oil, fuel oil, and amyl xanthate 
in Test 3 2, (4 ) pine oil and amyl xanthate in Test 33, (5) a 
mixture of 66.7 and 3 3 .3 per cents of pine oil and fuel oil 
respectively in Test 34# and (6 ) a mixture of 6 6 .7 and 3 3 .3  

per cents of pine oil and fuel oil respectively with amyl 
xanthate in Test 35• Results of these tests are shown in 
Table 14.

Comparison of Heagenta on the Floatabllity of Charcoal Heat
Treated, for 2 Honrs ■ ' ■ ■ : ■•.. . • ......'
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Table 14 ~ Comparison of reagents on tho floatability ot 
enarooal heat treated for 2 hoars
Test No. 23 31 ‘ 32 33 34 35
Reagents, lbs.
per ton 
: Fine oil 0.13 0.13 0.13 0 .1 3 0 .1 3 0.13Kerosene 0 .1 0
Fuel oil 0 .1 0 0 .1 0 0 .1 0 0 .1 0
Jtayl xanthate 0 .1 2 0 .1 2 0 .1 2 0 .1 2

Gold, per cent -

Goncentrates 85.8 85.9 8 6 .1 85.4 78 .8 82.4
Barren solution 2 .0 2 .0 1 .8 2 .2 li8 1.9falling(a) 1 2 .2 1 2 .1 1 2 .1 1 2 .4 19.4 15.7

Assays, ounce gold 
per ton

Barren solution - 0.0003 0.000] 0 .0003 0.0003 0 .000; 0.0003faillag(a) 0.01 0.01 0.01 0.01 0.016 1 0.013
Adsorption Tests 

Extraction 
per cent 91.0 91.0 • 91.0 91.0 91.0 91.0

(a) Incited secondary middling

Interpretation of Results
In Tests 23, 31, 32, and 33 the extractions of gold were 

approximately the same. In Tests 34 and 35 the extractions 
decreased. In Tests 34 and 35 the foal oil was mixed with 
the pine oil before adding to the pulps whereas in the tests 
showing higher extractions the fuel oil, kerosene, and pine 
oil were added separately to ore pulps.
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Samples of dry ground activated charcoal were heated to; 
950° Fe for 3 hours and cooled by dipping the closed container
in cold water. The heat treated activated charcoals were tested
- ' ■ . . ' - ■

for 48 hours in ore pulps containing gold, lime, and cyanide as
described in Chapter II, page 7a % e  gold-bearing charcoals
were floated with the following reagents (1) a mixture of 40

and 60 per cents of pine oil and kerosene respectively with
amyl xanthate in Test 26, and (2) pine oil and amyl xanthate
in Test 36. Results of Tests 26 and 36 appear in Table 15*
Table 15 - The comparison of reagents on the floatability of 
charcoal heat treated for 3 hours

Amparlson of learnt a on the Floatability of Charcoal Heat
Treated for 3 Hours

{Test No. 26 36
Reagents, lbs. per ton 

Pine oil 0.13 0.13Kerosene 0 .1 0 *
Amyl xanthate ,0 .1 2 0 .1 2

Cold, per cent
Concentrates 85*1 85*3Barren solution 2 .1 2 .1
Tailing(a) 1 2 .8 1 2 .6

Assays, ounce gold per ton 
.Barren solution 0.0003 0.0003
Tailing(a) 0 .0 1 , 0 .0 1

Adsorption Tests,
Extractionv per cent ___92*1.___ ~22j2____

(a) Included secondary middling

Interpretation of Results
Extractions in Tests 26 and 36 were satisfactory and la 

Test 26 the pine oil and kerosene were added as a mixture.
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In Taste 34 and 35 when pine oil and fuel oil wore added as 
a mixture the extractions decreased appreciably. Apparently 
pine oil and kerosene may be added as a mixture without 
deoreasing extractions.
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Oomparigoa of Reagents oa the Floatabillty of Oharooal Heat 
Treated for 4 Hours

Samples of dry ground activated charcoal were heated to
950° F« for 4 hours and cooled by dipping tiie closed container
In cold water. The heat treated activated charcoals were tested
for 48 hours in ore pulps containing gold, lime, and cyanide as
described In Chapter II, page ?• The gold-hearing charcoals
were floated with the following reagents (1) a mixture of 40

and 60 per cents of pine oil and kerosene respectively with
amyl xanthate in Test 27, and (2) 'pine oil and amyl xanthate
in,Test 37• Results of tho tests ere given in Table 16*
Table 16 - Comparison of Reagents on the floatabillty of Char
coal heat treated for 4 hours
Rkgt So# 27 37
Reagents* lbs. per ton 

Pine oil 0.13 0il3
Kerosene . 0.10
Amyl xanthate 0.12 0.12

Gold, per cent
Concentrates 85.6 85*6
Barren solution 2.0 2.0
Talling(a) 12.4 12.4

Assays, ounce of gold per ton
Barren solution 0.0003 0 .0003
Tailing(a) 0.01 0.01

Adsorption Tests,
Extraction, per cent > 94. A - 94.4

(a) Included secondary middling

Interpretation of Results
In Test 27 the kerosene and pine oil were added as a 

mixture with satisfactory extractions. The results of Test 27
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confirm those of Test 26 and therefore confirm, the conclusion 
that kerosene and pine oil may "be used as a mixture without 
detrlmentEil effect In the flotation of heat treated charcoals.



Sondltiofling for Increased Time Periods With Flotation Heagents 
In general, the shief object of Tests 38 to 48 Inclusive, 

was to render the very finely divided portion of the activated 
charcoal, stage ground in an Abbe mill to 150-mesh, floatable 
by longer periods of conditioning with flotation reagents. 
Ten-gram samples of the activated charcoals, with 100 e.e. of* 
water and the various reagents, were agitated for 1 hour in 
bottles placed on revolving rolls and the conditioned char
coals then added to the ore pulps with gold, lime, and 
cyanide.

Another object of these tests was to determine the 
adsorption properties of these conditioned charcoals to 
determine any deleterious effect of the flotation reagents. 
Adsorption tests were made by agitating the various conditioned 
charcoals for 1 hour in a pregnant gold solution as described 
In Chapter II, page 9 . .

Activated Charcoal With
Flotation Reagents

In Tests 38 to 42 inclusive: the non-heat treated activated
charcoals were conditioned for 1 hour with the following amounts 
of flotation reagents per ton of charooali (1 ) 5 .0  pounds of 
kerosene in Test 38, (2) 6 .5 pounds of pine oil in Test 39,
(3) 8.0 pounds of Texaco soluble oil in Test 4 0, (4 ) 6.0 
pounds of amyl xanthate in Test 41> and (5 ) 6 .0  pounds of 
sodium oleate in Test 4 2. The various conditioned charcoals 
were agitated for 48 hours in ore pulps containing gold, lime.
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and oyanld© as described in Chapter JX, page 7. The results 
of Tests 38 to 42 inclusive appear in Table 17.
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Table 17 - Conditloning of non-heat treated activates charcoals
Teat Ho. 38 39 2.0
Conditioning reagents Kerosene Pine Texaco
, : ' ■ :: • • V ■ •
Reagents, lbs. per ton of 
charcoal •

Oil soluble oil
- : - '

Kerosene 5.0 . ##
Pin® oil 6.5Texaco soluble oil 8.0
Amyl xanthate . 4"
Sodium oleate — .

Gold* per cent
. • ■ ;

Concentrates TO-?'. 67.6 79.2
Barren solution 1.1 1.0 1.1
Tailing(a) 28.2 31.4 19.7

Assays, ounce gold per tor
0.00016Barren solution 0.00016 0.00016

Tailing(a) 0 .023 0.026 0.016
Adsorption Tests,

Extraction, oer cent 84.3 92.1 82.0
Table 17. continued

_____ ^ _ ____  _ 41 42
Conditioning reagents Amyl
Reagents, lbs. per ton of

xanthate Oleate
charcoal

Kerosene —
Pine oil .
Texaco soluble oil
Amyl xanthate; 6.0
Sodium oleate - 6.0

Gold, per cent
Concentrates 75.1 79.6
Barren solution 1.1 1.0
falling(a) 23.8 19.2

Assays, ounce gold per ton ’
Barren solution 0.00016 0.00016
Tailing*a) 0.02 0 .0 1 6

Adsorption Tests,
Extraction, per cent 91.0 91.0

(a) Included secondary middling



Interpretation of Results
As shown in Table 17* the bonditioning with flotation

. - - ' '
reagents of non-heat treated activated charcoals gave unsatis-
factory separations of charcoal by flotation from ore pulps. 
The barren solutions assayed 0.00016 ounce gold per ton; 
therefore, the low extraction of gold can bo attributed to 
the poor floatability of non-heat treated charcoals that 
were conditioned for 1 hour before being added to ore pulps. 
It can also be noted that the conditioning for longer periods 
with the flotation reagents used does not affect the adsorp
tive properties of the non-heat treated charcoals agitated 
in ore pulps containing gold* lime, and cyanide for 48 hours,
i.e. providing the time of adsorption is increased.
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In Tests 43 to 4 8, the activated charcoals were heat
■ - -O ' ' 'treated at 93d F. for 2 hours and conditioned for 1 hour 

with the following reagents per ton of charcoal: (1) 6.0 
pounds of amyl xanthate in Test 43, (2) 6.0 pounds of 
sodium oleate in Tost 4 4, (3) 6.0 pouMs of pine oil 
and fuel oil respectively in Test 45* (4) 6»5 and 6.0 
pounds of pine oil and kerosene respectively in Test 4 6*
(5) 5-0 pounds of Reagent B-4 8 in Test 47, and (6j 4.0 and 
6.0 pounds of Aersol O.T. and amyl xanthate respectively 
in Test 4 8. The various conditioned charcoals were tested 
for 4° hours in ore pulps containing gold, lime, and cyanide 
as described in Chapter II, page 7. The results of.these 
tests are shorn in Table 18, page 4 3.

Condittoning of Heat Treated Activated Shareoai With Flotation
Reagents ... ; .
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Table 18 - Conditioning of heat treated activated charcoals
test No. ___ , 45
Conditioning reagents Amyl Sodium Fuel Oil,
Reagents, lbs.per ton of 
charcoal

xanthate Oleate Pine Oil

.. • . • ,
Amyl xanthate 6.0
Sodltm oleate 6.0
Fuel oil mm 6.0
Pine oil 6.5

Gold, per cent
Concentrates 86.1 84.3 89.2
Barren solution 0.9 1.0 1.1 ,
TaHing(a) 1 3 .0 U - 7 9.7

Assays, ounce gold per ton & \ 9 •
Barren solution 0.00016 0.00016 0.00016
failing(a) 0,01 0.12 0.0075

Adsorption'Tests,
Extraction. ner cent 96.6 91.0 88.8

Table 18 - Continued
Test No. 4b V T ~ »■ -
Conditioning reagents Kerosene, B-46 Aersol O.T.

Pine oil Amyl xanthate
Reagents, lbs» per ton of 
charcoal

Amyl xanthate 6 .0
Kerosene 6.0
Pine oil 6 .5

■ B-48 . 5 .0
Aersol O.T. - 4 .0

Gold, per cent
Concentrates 8 6 .4 82,5 78.5Barren solution 1.0 1.0 1.0
Tailing(a) 12.6 16.5 20.5

Assays, ounce gold per ton
0.00016Barren solution 0.00016 0.00016

Tailing(a) 0.01 O.OI3 O.OI7

Adsorption Tests,
Extraction, oer cent — t e A ____ 82.5 96.6

(a) Included secondary: middling



Interpratatioii of Results
Heferringto Table 13, conditioning of heat treated 

activated charcoals xvith flotation reagent for 1 hour gave 
satisfactory separations of charcoal by flotation from ore 
pulps except in Test 4 8. The highest extraction of gold- 
bearing charcoal in these tests, namely 8 9 .2 per cent in 
Test 4 5, was obtained using heat treated activated char
coal which was conditioned with pine oil and fuel oil 
before adding to ore pulps#

The adsorption in Test 45 gave an extraction of only 
88.8 per ©eat of the gold. On the basis of present know
ledge, this can be attributed to the "slow charcoal” which 
required a longer period than 1 hour to adsorb the gold. 
When the charcoal was agitated in an ore pulp containing 
gold, lime, and cyanide for 48 hours, a low barren solution 
assaying 0.00016 ounce gold per ton was obtained.
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CHAPTSS T

G0KGLBSI0H8
On the basis of the experimental results presented in 

this paper, the writer believes the following conclusions 
are justified.

1. Son-heat treated activated charcoals gave unsatis
factory separations of gold-bearing charcoals from ore pulps, 
whereas charcoals heat treated at 950 and 1450° F. for 2 

hours gave satisfactory separations.. Although non-heat 
treated charcoals of satisfactory adsorption properties 
were used, as evidenced by barren solutions assaying 0 .0003  

ounce gold per ton, these non-heat treated charcoals gave 
low extractions of gold from ore pulps, a typical extraction 
being 51.4 per cent. Since heat treated charcoals of equal 
adsorption properties yielded satisfactory extractions of 
gold from ore pulps, approximately 86 per cent, it is 
evident that the lower extractions obtained with non-heat 
treated were due to the unsatisfactory separation of these 
charcoals from ore pulps by flotation.

2. The results tabulated in Table 11 indicated that 
increasing the time of heat treatment beyond 1 hour did not 
improve the adsorptive power or floatability of the charcoals. 
Heating for 45 minutes (Test 5) was not however sufficient 
for satisfactory results. It is believed that the essential
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factor in conneotioii with time periods is the heat conduc
tivity of the finely ground charcoal. Apparently it took 
between 45 and 60 minutes for the charcoal to reach the 
desired temperature and the offset of additional time after 
the temperature is reached appears negligible.

3. Referring to reagents for the flotation of char
coals the results show, in general, that non-heat treated 
activated charcoals gave unsatisfactory separations from 
ore pulps with all reagents used.

In tests involving activated charcoal heat treated for 
1 hour at 950 F., the results show that it is necessary 
to use either fuel oil or kerosene to obtain satisfactory 
separations of these charcoals from ore pulps. Pine oil 
and amyl xanthate gave unsatisfactory separations with 
these charcoals.

All combinations of reagents used in the flotation of 
charcoals heat treated for 2 hours at 950° F. gave satis
factory separations including fuel oil, kerosene, and amyl 
xanthate each with a frother of pine oil. It was found that 
pine oil and fuel oil which were added separately to ore 
pulps gave higher separations of charcoal than when these 
reagents were added to the ore pulps as a mixture, whereas 
pine oil and kerosene may be added as a mixture without 
detrimental effect.

The reagents, pine oil and amyl xanthate and a mixture 
of pin® oil-kerosene with amyl xanthate, gave approximately
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tiio earn© separations of oharooals heat treated for 3 and 4 
hours at 950° F,

4* In regards to conditioning of charcoals for in
creased time periods with flotation reagents, it was found 
that non-heat treated oharooals conditioned for 1 hour 
before adding to ore pulps gave unsatisfactory separations 
from ore pulps. .

The conditioning of oharooals by reagents prior to 
adsorption did not affect the adsorptive properties of 
these oharooals for periods of time up to 48 hours for 
the resulting barren solutions assayed 0.00016 ounce gold 
per ton. The low extractions of gold, therefore, can be 
attributed to the poor floatability of these gold-bearing 
charcoals*

^In general, the conditioning of heat treated oharooals 
by flotation reagents prior to adsorption gave satisfactory 
separations of charcoal by flotation from ore pulps. Tho 
charcoal conditioned with pine oil and fuel oil gave the 
highest extraction of gold-bearing charcoal in these tests, 
namely 89*2 per cent. The adsorption test for this charcoal 
gave an extraction of only 88.8 per cent of the gold. On 
the basis of present knowledge, this can be■attributed to 
the "slow charcoal" which required a longer period than 1 
hour to adsorb the gold. When the charcoal was agitated in 
an ore pulp containing gold, lime, and cyanide for 48 hours, 
a low barren solution assaying 0.00016 ounce gold per ton
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was obtained.
5» It is noted that the above results were obtained 

on dry, ground activated charooal. The recommendation is 
made that further work be done on wet ground activated 
charcoal for it is believed that the results will be 
materially different. •
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