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EZP1RIME3ITAL WORK INVOLVING THE FLOTATION OF OHRYSOOOLLA

GHAPTER I - INTRODUCTION

Sinoe tke advent of eommereial flotation in 1913 and 
its subsequent applications, many investigators have 
searched for a method of floating oxidized copper minerals <, 
Alteration of the surface of oxidized copper minerals by 
sulphidizing has been the basis for the major portion of 
the experimental worko

According to Allen and Ralston^, who did considerable 
work with sulphidizing reagents, the most Vnaturally sug
gested" reagent was hydrogen sulphide<, These authors, 
however, found when using hydrogen sulphide that sulphuric 
acid was necessary to neutralize the acid-consuming con
stituents present in many ores and also to decompose 
freshly formed iron sulphide= The large quantity of acid 
consumed under these conditions made the use of hydrogen 
sulphide too costly=

Sodium sulphide was also tried by the same investi
gators, but it was found that any large admixture of air 
in the pulp oxidized that reagent to sodium sulphate with 
little sulphidizing of the oxide minerals. Furthermore, 
acid soluble alumina, manganese dioxide, or basic sulphates

1* Rickard, To A, and Ralston, 0, G,, Flotation, 1917 
Mining and Scientific Press, San Francisco, pp, 360-378°



of iron eonsmnedl sodium, sulphide <> Allen and Ralston also 
tried poly-sulphides and sulph-hydrates of sodium and Gal- 
eium and found that the hydrates were more active than the 
sulphides.

In 19169 the Magma Copper Company2 operated a 25-ton 
eapaeity pilot plant for the separation of copper earhonate 
minerals from the ore pulp. Hydrogen sulphide gas, pro
duced by burning sulphur with crude oil, was added to the 
pulp at the rate of 1 to 3 pounds per ton of ore. A pine- 
tar oil mixture was used for floating the minerals. The 
extraction amounted to 83 per cent and the concentrate 
contained 14=68 per cent of copper.

The Kenneeott Copper Corporation^ placed a mill in 
operation in May, 1923, for the flotation of copper carbo
nates. The flotation reagents used were added in stages 
and comprised 3 pounds of sodium sulphide, 1 .2 0 pounds 
of calcium poly-sulphide, I .4 0 pounds of coal tar creosote, 
per ton of ore and steam distilled pine oil. The ex
traction varied from 72 to 75 per cent and the concen
trate contained 32 to 35 per cent of copper. Satisfactory 
recoveries were also obtained using hydrogen sulphide but

2. Callow, J. M., Transactions, American Institute of 
Mining Engineers, Vol. LVI, 1916, pp. 688-697°

3. Duggan, E. J.$ "Flotation and Leaching at Kenneeott, 
Engineering and Mining Journal, 126, 1928, pp. 1008-1015°
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the high cost and poisonous nature of the gas made its use 
impracticale

In 19328 Gaudin^- described a method other than sulphi-
dizing for the treatment of oxidized copper minerals0 The
method consisted in.

ne e o (1) crushing the ore* (2) subjecting the ore 
to a reducing heat treatment to decarbonate and de
oxidize the copper minerals, (3) grinding the re
duced ore to flotation size, and (4 ) floating with 
reagents customarily employed in native metal flo
tation, o o«<, Reduction need not be complete , as sur
face metallization of the mineral particles is said 
to be sufficient, in spite of subsequent grind, to 
permit ready collection of the copper-bearing min
erals o n

The writer could find no reference to subsequent commercial 
applications of this process.

Since approximately 1932, plants have operated using 
the so called nLeach-Float Method" for the treatment of 
oxidized copper minerals. This method consists in (1) 
dissolution of the copper with sulphuric acid, (2) preci
pitation of the dissolved copper in the ore pulp by iron,
(3) flotation of the cement copper and any sulphides pres
ent from the ore pulp. This method is metallurgieally 
satisfactory but in many eases the high cost of acid limits 
its use.

4 . Qaudim, A. M,, Flotation, 1932, McGraw-Hill Book 
Go., Hew York, pp. 312-314°



Another method whieh has been used for the flotation 
of copper carbonate minerals involved the use of fatty acids 
and soapso In a large-scale commercial plant at Katanga^ 
the ore pulp, heated to 95°$’$. was conditioned with 2.4 
pounds of soda ash and 1.5 pounds of sodium silicate per 
ton of ore treated. For flotation, 4 pounds per ton of a 
mixture containing 6 parts hydrolyzed palm oil and one of 
oleic acid or 12 parts corn oil to one oleic acid were used 
and a pH of 8.5 to 9 was maintained. With ore containing 
excessive amounts of talc, the tale was first floated with 
0.03 pounds pine oil to improve the grade of concentrate 
from 25 to 41 per cent of copper. Recovery was approxi
mately 90 per cent.

Referring to the flotation of ohrysocolla, Leininger,^ 
who did experimental work on the flotation of this mineral 
with soaps and fatty acids using a synthetic mixture of 
ehrysoeolla and a pegmatite gangue, obtained a satisfactory 
separation in alkaline circuits. The chief objections 
found were the necessity of providing large quantities of 
reagents and the low degree of selectivity obtained.

5° Barthelemy, R. B./’Katanga Ores Offer a Variety of 
Treatment Problems/’ Engineering and Mining Journal, Vol. 135, 
Ho. 9, 1934, pp. 401-403°

6. Leininger, Charles W., Experimental Work on the Soap 
Flotation of Ohrysocolla, Part II, Thesis, University of 
Arizona, 1937.



Leininger apparently did not experiment with ores.
The Ohio Oopper Company? started to operate a plant 

for the separation of malachite and azurite from the ore 
pulp in 1934° A non-sulphidizing collector not identified 
in the published description of the process combined with 
sodium ethyl xanthate and a reconstructed pine oil were the 
reagents used. A pH of 10 to 11 was maintained in the 
circuit. A concentrate was obtained with an average assay 
of 30 per cent of copper and approximately 75 per cent of 
the total copper.

Ludt and BeWitt experimented with dyes of butyl, hexyl, 
and octyl hydrocarbon chains as promoters and pine oil as a 
frother. These authors found that ohrysoeolla sorbed these 
dyes mere rapidly than silica. Synthetic mixtures of silica 
and ohrysoeolla were used in these experiments. The results 
were not conclusive and ores were not included in the ex
perimental work.

The object of the experimental work described in this 
paper was to further experiment with the separation of ehry- 
soeolla from copper ores by flotation methods employing new 
reagents and conditioning techniques.

7» ‘’Treatment of Oxide Ores at Ohio Copper’s Big Indian 
Hinej,” Mining World* Vol. 8* No. 1, Jan., 194o, pp. 11-14°

8. Ludt, R. W., and DeWitt, 0. C., ’’The Flotation of 
Copper Silicates from Silica,” Mining Engineering, American 
institute of Mining and Metallurgical Engineers, Vol. 1,
No. 2, 1949, PP° 49-51°



6

CHAPTER II - MATERIALS AMD EXPERIMENTAL PROCEDURE

Twb samples containing ehrysoeolla were used for the 
experimental work. One was a mixture of ehrysoeolla and 
quartz and the other was a mixed oxide-sulphide ore re
presenting a large ore body in the Southwest,

An analysis of the ehrysoeolla used for the mixture 
was furnished by the Tueson Station of the United States 
Bureau of Mines and is as follows:

Per cent
GuO 22.7*
SiOg 5 6 ,6
Al2©3 6,5FeO 9,5
Ca09 total 0,8
GaO, soluble in acetic acid 0 ,3 6
MgO 0,2
Mg0$ soluble in acetic acid 0,08
k2o 1 . 7Ha20 0,9
Loss on ignition at 1100°C 9s6

Total 99 o
Loss of water at 105oG 2,45
*A minor amount of the copper was present as 
malachite,
**Exeluding acetic acid soluble CaO and MgO,

The ehrysoeolla and quartz used for the synthetic 
mixture were ground separately in a disk pulverizer to 
pass a 65-mesh screen.

The ehrysoeolla. in the mixed ©xidized-sulphide ore 
which contained 0=70 to 0 ,9 0 per cent of copper occurred 
in an altered monzonite with a minor amount of malachite



and negligible quantities ©f pyrite and galena» Sulphide 
minerals of eopper were not observed in a polished bri
quetted sample of the ore„ The samples of the mixed 
oxidized-sulphide ore were ground in a laboratory ball mill 
to approximately 65-mesh for experimental work*

Nitrogen dioxide gas was obtained by the reaction of 
eonoentrated nitrie aeid and metallic copper which is as 
follows:

<3u 4- 4HN03 ■ Cu(N0 3 ) 2 * 2N02 4 ZEgOo

Sulphur dioxide gas was obtained by the reaction of 
concentrated sulphuric aeid and sodium sulphite which is 
as follows:

NagSO^ 4 HgSO^ - Na^SO^ 4 S02 4 H20o

The gasses were produced in a flask and mixed with 
the pulp by introducing them to the air inlet of a Denver 
flotation machineo

A typical procedure in the experimental work com
prised agitating a pulp of approximately 40 per cent 
solids in the flotation machine for 5 minutes to insure 
the wetting of all solid particles« Beagents were then 
added as required for the conditioning of the ehrysocolla



after whiek reagents were added.for flotation* The Glean
ing of rougher flotation concentrates was not attempted0
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CHAPTER III - EXPERIMENTAL WORK 

Preliminary Test A

Preliminary Test A was made to approximate the pH 
to be used Tor the flotation of ehrysoeolla after condi
tioning of the dry mineral with nitrogen dioxide gas.
A mixture of 1 part ehrysoeolla and 3 parts quartz, ground 
separately to 65-mesh in a disk pulverizer, was used for 
this testo A sample of 500 grams of the mixture was placed 
in a 4-liter bottle and the air displaced with nitrogen 
dioxide gas produced by the reaction of concentrated nitric 
acid and metallic copper, after which the charge was mixed 
by shaking the bottle for 2 minutes. The charge was then 
transferred to a 2-liter bottle and the air displaced with 
hydrogen sulphide gas after which the contents were again 
agitated for 2 minutes by shaking the bottle. The dry 
charge was then transferred to a Denver 500-gram capacity 
flotation machine, Water was added to produce a pulp of 
approximately 20 per cent of solids which resulted in a pH 
of 7,0, The flotation reagents comprised 1,0 pound of amyl 
xanthate per ton of. solids and 1 drop of methyl isobutyl 
earbinol frother and the pulp was conditioned for 5 minutes, 
and then treated by flotation, -The flotation of the 
ehrysoeolla was slow. Sodium sulphide was then added 
at the rate of 1»C pound per ton of solids but did not



improve the speed of flotation0 Sodium hydroxide was then 
added in stages and the speed of flotation observed at 
various pH values to a maximum of 1290o From observation^ 
a pH of 8,0 gave the maximum speed of floating ehrysoeolla.

After determining by visual observation the most satis
factory pH value$ sulphuric acid was added to reduce the 
pH from 12,0 to 8,0, Amyl xanthate, American Oyanamid 
Reagent 7128 and pine oil were then added at the rates of 
0,5s 0,068, and 0,08 pound per ton of solids, respectively, 
to determine the effectiveness of the latter two frothers. 
From visual observation, Reagent 712 and pine oil were 
tentatively adopted as frothers.

Preliminary Test B

In Preliminary Test A, it was observed by color change 
that a marked consumption of nitrogen dioxide occurred 
either by chemical reaction with the solids or by sorption 
by the solids. The object of Test B was to determine the 
relative consumption of nitrogen dioxide, sulphur dioxide, 
and hydrogen sulphide gases by reaction or sorption with 
ehrysoeolla and quartz separately, A sample of 30 grams of 
the mineral was placed in a one liter bottle which had been 
previously filled with the gas to be tested, and the bottle 
was closed with a stopper as quickly as possible. After



11
vigorously shaking for 15 seconds, the bottle was connected 
with a manometer as shown in Figure 1, and the decrease in 
pressure recorded in inches of mercury. The operation was 
repeated until the reading was constant,

The decrease in pressure using chrysocolla was 
inches of mercury for nitrogen dioxide in 15 seconds of 
shaking the contents of the bottle, 2=3 inches with sulphur 
dioxide after 15 seconds of shaking, and 14=4 inches with 
hydrogen sulphide after 5 minutes of shaking=

The decrease in pressure using quartz was 0=08 inches 
of mercury for nitrogen dioxide in 15 seconds of shaking the 
contents of the bottle, 0=07 inches with sulphur dioxide 
after 15 seconds of shaking, and 0=09 inches with hydrogen
sulphide after 15 seconds of shaking.

The results of this test indicated that the consump
tion of nitrogen dioxide and sulphur dioxide were very
rapid with chrysocolla, but the consumption of hydrogen 
sulphide was relatively slow. The consumptions of nitrogen 
dioxide, sulphur dioxide and hydrogen sulphide with quartz 
were very limited.
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Series 1. Conditioning Ghrysoeolla With 

Nitrogen Dioxide in the Dry State

Test 1

In Preliminary Test Ag it was observed that after 
treating the Ghrysoeolla with nitrogen dioxide in the dry 
state followed by a sulphidizing reagent, a satisfactory 
flotation of the ohrysoeolla was accomplished with a pH of 
8o0 using amyl xanthate as a promoter and Reagent 712 and 
pine oil as frothers.

A 500-gram sample of a mixture of 30 grams of the 
Ghrysoeolla and 470 grams of quartz was placed in a 4-liter 
bottle with 4 liters of nitrogen dioxide gas® The stoppered 
bottle was placed on revolving rolls and the contents were 
mixed for 10 minutes® In order to produce a pulp of lower 
pH; four additional liters of nitrogen dioxide gas were 
introduced into the bottle and the stoppered bottle was 
again placed on revolving rolls for 10.minutes® The solids 
were then transferred to a Denver 500-gram capacity flota
tion machine® Water was added to produce a pulp of appro
ximately 20 per cent of solids which resulted in a pH of 
4®0® The pulp was then conditioned for 10 minutes with 4 
pounds of sodium sulphide per ton of solids® The flotation 
reagents comprising 0®068 pound of amyl xanthate and 0®08
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pound of pine oil per ton of solids were then added and the 
pulp conditioned for 5 minutes and the pulp treated by flo
tation for 10 minuteso During the flotation sodium hydroxide 
was added in stages and a concentrate was removed at various 
pH values to a maximum of 12.0, The results are given in 
Table 1.

Table !<, Results of Test 1
Weight, Assay, Distribution,
Per Gent Per Cent Per Gent

 ___________  Popper_____
Concentrate 10«5 3°93 35=5
Tailing 89*5 0.83 6 4 .5
Heads 100.0 1.1* 100.0
*Assay by products

Referring to Table 1, the results showed a recovery 
of 35«5 per cent of the copper in a concentrate which con
tained 3o93 per cent of copper. It was again observed that 
the maximum speed of flotation occurred with a pH of approx
imately 8.0. . .

Test 2

The experimental procedure followed that of Test 1, 
with the exception, that the total nitrogen dioxide was.re
duced to 2 liters. The pH, after the addition of all re
agents, was 81 and remained constant throughout the flotation
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operatione The conditioning with sodium sulphide and the 
time of flotation were each increased to 20 minutes and
Reagent 712 was increased to G«408 pound per ton of solids*
The results are presented in Table 2*

'______Table 2* Results of Test 2__ -
Weight, Assay, Distribution,
Per Gent Per Cent Per Gent

 ____________________   Popper_____

Concentrate 12*5 7°02 77=3
Tailing . 87»5 0*29 22*7
Heads 100*0 1,13* 100,0
*Assay by products

The results of Table 2 indicate an extraction of 77*3 
per cent of the copper with a concentrate containing 7<>02 
per cent of copper. The improved results were obtained 
with only 25 per cent of the nitrogen dioxide used in Test 1, 
and were due to either increased time of conditioning and 
flotation or to increased amount of frother.
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Series 2. Conditioning Chrysocolla With.
Nitrogen Dioxide in an Ore Pulp

Test 3

In Test 3s the experimental procedure was changed in 
that the chrysocolla was conditioned with nitrogen dioxide 
in an ore pulp containing 40 per cent of solids hy intro
ducing the gas to the air inlet of the flotation machine„ 
The conditioning time with sodium sulphide was decreased 
to 15 minutes and the amount of Reagent 712 was decreased 
to 0.204 pound per ton of solids. The results of this 
test are given in Table 3«

Table 3. Results of Test 3 ____ _
Weightj Assay, Distribution,

. Per Cent. Per Cent Per Cent
' ____ __________  Copper _____

Concentrate 18.2 5°97 82.6
Tailing 81.8 0.28 17.4
Heads 100.0 1.32* 100.0
*Assay by products

Referring to Table 3$ the extraction was 82.6 per cent 
of the copper in a concentrate containing 5 = 97 per cent of 
copper. The increase in flotation time was believed to be 
the chief reason for the improved extractions of both 
Tests 2 and 3« Apparently the conditioning of chrysocolla 
with nitrogen dioxide in an ore pulp was as satisfactory 
as conditioning in the dry state.
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The ehanges In reagents msed in this test eemprised the 
redmetiom of nitrogen dioxide and sodixam sulphide to 0.18 
liters and 0.5 pound per ton of solids$, respectively, and 
the substitution of 0.5 pound pentasol xanthate for 2.0 
pounds of amyl xanthate. The amounts of frothers were also 
changed to obtain the desired volume of froth but any 
change in the amount of frother was not believed to be 
critical. The results of Test 4 are presented in Table 4®

 ________ Table 4. Results of Test 4________
Weight, Assay, Distribution,
Per Gent Per Gent Per Gent .

.  !___ Gopper _________
Concentrate 15®4 8.40 8$.0
Tailing 84®6 0.2? 15®Q
Heads 100.0 1.52* 100=0
*Assay by products

The results given in Table 4 indicated an extraction 
of 85=0 per cent of the copper with a concentrate which 
contained 8.40 per cent of copper. The results were some-* 
what improved over previous tests in extraction and grade 
of concentrate even though the amount of nitrogen dioxide 
was drastically reduced to about 2 .2 5 per cent of that 
used in Test 1.
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Test 5

The eiianges la experimental proeedure compared with 
Test 4 comprised the substitution of potassium-hexyl 
xanthate for pentasdl xanthate and the addition of Ameriean 
Gyanamid Heagent 425 at the rate of ©»5 pound per ton of 
solidso The conditioning time of nitrogen dioxide was re
duced from 15 to 5 minutes and sodium sulphide was elimi
nated « The results of Test 5 are given in Table 5®

 ____  Table 5° Results of Test 5
Weight, Assay, Distribution,
Per Cent'' Per Gent Per Gent

 ______________ ______ Copper____________ _
Concentrate 15 = © 7 <>49 73°©
Tailing "8 5.O 0=44 27=©
Heads lOOo© 1,54* 100,0
*Assay by products

The results of Table 5 indicated an extraction of 
73o0 per cent of the total copper with a concentrate con
taining 7=49 per cent of copper. The results show a de
crease in extraction as compared to that of Test 4 $ but 
due to changing more than one variable, the reason could 
not be given.
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Test 6

In Test 6, two flotation periods of 10 minutes eaeh 
were used. Prior to the seeond 10-minute period the pulp 
was eonditioned for 5 minutes with 0,5 pound of copper 
sulphate per ton of solids. The results are given in Table 6,

*Assay by products

Referring to Table 6, the extraction of 94°1 per cent 
of the copper in a concentrate containing 7,28 per cent of 
copper was higher than any extraction obtained prior to 
Test 6, Although too many variables were changed in Test 5$ 
including the substitution of Reagent 425 for sodium sulphide 
and reduction of conditioning time with nitrogen dioxide from 
15 to 5 minutes which resulted in loss of extraction, it 
was indicated in the results of Test 6 that more than the 
loss suffered due to these changes in experimental procedure 
was regained by conditioning with copper sulphate. The 
results of Test 6, however, could not be confirmed in sub
sequent tests.

Table 6, Results of Test 6
Weight, Assay, Distribution 
Per Dent Per Gent Per Cent
_____  Copper ____ ______

Concentrate
Tailing
Heads

20,G 7.28 94,1
80,0 0,11 5=9
100,0 1.55* 100,0
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Series 3° Conditioning Ctirysocolla With Various 
Acids and Hydrogen Sulphide Prior to Flotation

The object of Series 3 was to prove or disprove a 
suggested theory which involved the formation of a non
polar surface with minute quantities of soluble sorbed
copper on the surface of chrysoeolla in conjunction with
hydrogen sulphide and a promoter*

General Procedure

A sample containing 50 grams of chrysoeolla and 470 
grams of quartz was mixed with water in a flotation machine
to 40 per cent of solids* The pulp was conditioned for 5
minutes with a predetermined amount of one of several acids* 
Hydrogen sulphide was then added at the rate of 0*769 pound 
per ton of solids and the pulp was conditioned for 5 minutes* 
The pulp, was then conditioned for 5 minutes with 0*5 pound 
of potassium hexyl xanthate and 0*5 pound of Reagent 425 
per ton of solids, and the pulp treated by flotation for 
10 minutes* The pulp was again conditioned with 0*385 
pound of hydrogen sulphide for 10 minutes and then treated 
by flotation for 5 minutes. The concentrates were assayed 
separately for copper. In order to compare acid treatment 
prior to the introduction of hydrogen sulphide with the 
direct conditioning of the pulp with hydrogen sulphide,
Tests 7 and 8 were included in Series 3= The results for 
different acids are given in Tables 7 through 12, inclusive*



21
Table 7q Conditioning Clir.ysoeolla With Hydrogen Sulphide

Test
No.

Acid, 
Pounds Per 

Ton of Solids
pH Products Weight, 

Per Gent
Copper, 

Per Gent
Copper, 

Per Gent 
of Total

7 Hone Heads® 100 oG 1 = 40 100=0
8.3^ Cone o 1 6.5 7.92 3 6 . 8
8.5 Gone o 2 3.6 5.01 13.0

Total Gone. 10ol 6=88 49.8
Tailing 89.9 0 = 78 50 = 2

8 None. 7.8 Heads 100.0 1.45 100 = 0
8.3 Gone. 1 6 . 9 7.58 3606
8.5 Gone. 2 4.0 5.18 14.3Total Gone. 10.9 6 = 70 50.9Tailing 89.1 0.80 49.1

a« pH of pulp before addition of hydrogen sulphideo 
bo pH of pulp during flotation.
Go The assay of heads was by product calculations.



Table 80 G.oaditionlas Ghrysocolla With Hydrochloric Aeid
Test
HOo

Acid, 
Pounds Per 

Ten of Solids
pH Products Weighty 

Per Cent
Copper, 

Per Cent
Copper, 

Per Cent . 
of Total

9 0o05 7c9f8 = 3% 
8 = 5

Heads0 
Cone= 1 
Cone- 2 
Total Conc= 
Tailing

100 = 0
9-4 
2 = 0 
11 = 4 88 = 6

1 = 32 
7 = 42 
4-48 
6 = 90 
0 = 60

100 = 0 
52 = 9 

6 = 8 
59-7 
40 = 3

10 Ool l 7c9 Heads 100 = 0 1-33 100 = 0
8 = 3 . Cone = 1 9-8 7-34 54-1
8 = 5 Cone= 2 3-6 4-43 12 = 0

Total Cone = 13-4 6 = 56 66 = 1
Tailing 86 = 6 0 = 52 33-9

11 0 o 22 7-8 Heads 100 = 0 1-35 100 = 0
8 = 3 Gone= 1 9-8 7-88 57-3
8 = 5 ' Cone = 2 3-6 3-94 10 = 5

Total Conc= 13-4 6 = 82 67-8
Tailing 86=6 0 = 50 32=2

12 0 = 88 - 7-6 Heads 100 = 0 1-38. 100=0
8 = 3 Cone= 1 10 = 2 7-56 55-8
8 = 5 Cone = 2 3-6 4-05 10 = 5Total Cone= 13 = 8 6 = 64 66 = 3Tailing 86 = 2 0 = 54 33-7

13 1 = 32 7-5 Heads '100=0 1-39 100 = 0
8 = 2 Cone = 1 • 9o8 7-88 55-5
8 = 4 Cone = 2 2 = 4 5-29 9-1Total Cone = . 12 = 2 7-37 64=6Tailing . 87-8 0 = 56 ... 35-4 ..

a<= pH of pulp after addition of aoid. 
bo pH of pulp during flotation*
@0 The assay of heads was by product calculations»



Table 9° Conditioning Ghrysocolla With Sulptraric Acid
23

Test
Ho.

Acid j, 
Pounds Per 

Ton of Solids
pH Products Weights 

Per Gent
Copper, 

Per Cent
Copper? 

Per Gent 
of Total

14 0.11 7o8a
8.3%8.5

Heads0 
Gone. 1 
Gone. 2 
Total Gone. 
Tailing

100.0
9«0
2.4

11.488.6

1.31
7.995.62
7.49
0.51

100.0
55.1
10.3
6 5 . 434.6

15 0.25 7.6 Heads 100.0 1.36 100.0
8.3 Gone. 1 9.8 7.83 5 6 .38.5 Gone. 2 3*0 7.07 1 5 . 6

Total Gone. 12.8 7.65 7 1 . 9Tailing . 87.2 . 0.44 .. 28.1

16 0.87 7.2 Heads 100.0 1.33 100.0
8.2 Gone. 1 8.6 9.34 60.38.3 Gone. 2 3.6 4.97 13.4Total Gone. 12.2 8.05 73.7Tailing.... 87.8 0 . 4 0 26.3 .

17 1 . 3 6 7*4 Heads 100.0 1.39 100.0
8.1 Gone. 1 ' 8.8 9.34 58.9
8.3 Cone. 2 2.6 4 . 6 4 8.7

Total Gone. 11.4 8.27 67.6
Tailing . . 88.6 . . 0.51 . . . 32.4

a0 pH of pulp after addition of aeido
b, pH of pulp during flotation.
c. The assay of heads was by product calculations.



Table 10. Conditioning QJarysooolla With Sulphur Dioxide
Test
No. S02 Pounds Per 

Ton of Solids
pH . Products Weight, 

Per Gent
Copperj 

Per Gent
Copper, 
Per Cent 
of Total

18 0 .1 0 7*4a
8 .1%
8.3

Heads0 
Gone. 1 
Gone. 2 
Total Cone. 
Tailing

1 0 0 .0
1 0 .0

2 . 8
1 2 . 8
87 -2

1.23
7-29
5-29
6 .8 5
0 .4 0

1 0 0 .0
59-5
1 2 .0
71-5
28.5

19 o zv o 7o2 Heads 1 0 0 .0 1 . 0 6 1 0 0 .0
7-9 Gone. 1 9-2 6 . 8 6 59-6
8 . 0 Gone. 2 3.2 5-72 17-3Total Gone. 12.4 6.57 76.9Tailing 87 -6 0.28 23-1

20 1 . 0 0 7-5 Heads 1 0 0 .0 1.15 1 0 0 .0 -
8 . 0 Gone. 1 9-4 6 . 8 6 5 6 . 1
8 . 2 Gone. 2 4-6 5-35 2 1 . 4

Total Gone. 1 4 -0 6.36 77-5Tailing 8 6 . 0 0 .3 0 22.5

21 2 . 0 0 7-1 Heads . 1 0 0 . 0 1 . 1 8 1 0 0 . 0
7-7 Gone. 1 8 . 2 6 . 8 6 47-9
7-9 Gone. 2 3-2 4-75 1 2 . 9

Total Gone. 11.4 6.27 6 0 . 8
Tailing 8 8 . 6 O .52 39-2

a. pH of pulp after addition of acid.
b. pH of pulp during flotation.
c. The assay of heads was by product calculations.
One pound of sulphur dioxide is equivalent to 0.088 liters.
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Table 11. Conditioning Ghrysoeolla With Nitrogen Dioxide

Test NO2 pH Products Weight9 Copper9 Coppers
No. . Pounds .Per   Per Cent .Per. Cent. r Per, Cent

Ton of Solids  : :_____  of Total
22 0.11 7=6a Heads© 100.6 1.23 100.0

8.2b Gone. 1 6.6 9°07 48.7
8.3 Gone, 2 2.8 1.51 3*4

Total Cone.. 9«4 6.82 52*1
  . ;Tailing. .....90.6 ... 0,65.... 47*9

23 0.22 7*5 Heads 100.0 1.27 100,0
8.3 Gone, 1 7*3 6,97 40.1
8.4 Cone. 2 5=3 5=45 22.7Total Cone. 12.6 6.33 62.8

....... ............... Tailing ..... 87 = 4 .....0,54..... 37.2.

24 0.88 7=7 Heads 100.0 1.35 100.0
8.0 Cone. 1 7=3 8 . 9 6 4 8 . 4
8*3 Cone, 2 3*2 5=89 13*2

Total Gone. '10.5 8.02 '6-1.6
.............. .... Tailing ..8 9 . 5 ..... 0 . 5 8 .... 38 = 4.

25 1.33 7*4 Heads 100*0 1*33 100.0
7=7 Gone, 1 8.8 7=56 49=8
8.0 Cone. 2 3=6 5-45 14*8

Total Cone. . 12*4 6*95 6 4 . 6
.  ...  .............Tailing 87 = 6 .... 0 * 5 4..... 35,4.

a. pH of pulp after addition of a©id.
b* pH of pulp during flotation*
e. The assay of heads was by product calculations.
One pound of nitrogen dioxide is equivalent to Q*06l liters.'



Table 12» Conditioning GJlrysooolla With. AGetie Acid
Test
Hoc

Acids 
Pounds Per 

Ton of Solids
pH . Products Weight, 

Per Gent
Copper, 

Per Gent
Copper, 

Per Cent 
of Total

26 Ooll 7o8a Heads0 100 o© 1-34 100.0
8olb Gone. 1 6 . 4 8.80 42.0
8o2 Cone o 2 3.0 5-40 12.0

Total Gone. 9-4 7-71 54-1Tailing 90 = 6 0.68 45.9

27 0 o 22 7o7 Heads 100.0 1.29 100.0
8.1 Cone o 1 7-4 6.80 38.98o 2 Gone o 2 3-6 6.80 I8 . 9

Total Gone. 11.0 6.80 57-8 .
Tailing 88.0 0.62 42-2

28 OoSS 7o4 Heads 100.0 1-31 100.0
8.0 Gone. 1 608 7-88 . 40-98.1 Gone. 2 3-3 5-33 13-7Total Gone« 10.1 7-©5 54-6

Tailing 89-9 0.66 45-4

29 lo33 7-4 Heads 100.0 1-34 100.0
8.0 Cone = 1 6.8 6 .9 2 35-2
8.0.I Gone. 2 3-8 60 43 18.3Total Gone. 10.6 6-74 53-5.Tailing.... 9 0 .0 O-69 . . . 4 6-5

a0 pH of pulp after addition of aeido 
bo pH of pulp during flotation«
Co The assay of heads was by product calculations»

Figure 2 presents the extractions of copper with 
various reagents in graphical form.
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Summary of Results for Tests 7 te 29, IncLusive

10 The results of Tests 7 and 8 using direct condi
tioning with hydrogen sulphide without prior treatment with 
an acid $ a maximum extraction of 50 = 9 per cent of copper 
was obtained by flotation.

2o Referring to Tests 9 to 13$ inclusive, using hydro
chloric acid prior to the introduction of hydrogen sulphide, 
a maximum extraction of 67=8 per cent of copper was obtained 
by flotation with 0.22 pound of acid and a minimum of 59=7 
with 0 .0 5 pound of acid per ton of solids*

3= The results of Tests 14 to 17, inclusive, using 
sulphuric acid, a maximum extraction of 73=7 per cent and 
a minimum of 65=4 per cent of copper were obtained using 
0.87 and 0.11 pound of acid per ton of solids, respectively.

4. Referring to Tests 18 to 21, inclusive, using 
sulphur dioxide, a maximum extraction of 77=5 per cent and 
a minimum of 60.8 per cent of copper were obtained using
1.00 and 2.00. pounds of sulphur dioxide per ton of solids, 
respectively.

5= The results of Tests 22 to 25, inclusive, using 
nitrogen dioxide, a maximum extraction of 64=6 per cent and 
a minimum of 5 2 .1 per cent of copper were obtained.
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6. Referring to Tests 26 to 29, inelusive, using- 

aeetie acid, a maximum extraction of 57-8 per cent and a 
minimum of 53°5 per cent of copper were obtained*

7« Referring to conditioning the pulp with acid prior 
to the introduction of hydrogen sulphide, the results indi
cated an increase in extraction for each acid used* The 
results, however, with the use of acetic acid were not 
sufficiently higher than with direct hydrogen sulphide treat
ment to definitely indicate that prior treatment with acetic 
acid was beneficial*



Series 40 OoMitioning Chrysocolla Contained in an 
Oxidized-sulphide Ore With Nitrogen Dioxide in an Ore Pulp

In all tests prior to Test 30? the chrysocolla used 
was contained in a synthetic mixture of chrysocolla and 
.quartZo A 500-gram sample of an oxidized-sulphide ore was 
ground in a pulp of 60 per cent of solids to minus 65-mesh 
in. a laboratory ball mill. The pulp was transferred to a 
flotation machine and conditioned for 5 minutes with 0.18 
liters of nitrogen dioxide gas introduced to the air inlet 
of the flotation machine. Potassium hexyl xanthate and 
Reagent 425 were then added at the rate of 0.5 pound per 
ton of solids each and the pulp was conditioned for 5 
minutes. The pulp was then conditioned for 5 minutes with 
0.5 pound of copper sulphate per ton of solids and treated 
by flotation for 20 minutes. Pine oil and Reagent 712 were 
used as frothers. The results of Test 30 are given in 
Table 13.

Test 30

Table 13. Results of Test 30
Weight, Assay, Distribution 
Per Cent Per Cent.. Per Gent 
 ______ Copper ________

Concentrate
Tailing
Heads

19.6 1.18 30o480.4 0.66 69.6
100.0 0 . 76* 100.0

*Assay by products
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Referring to Table 13, the results showed a recovery 

of 3 0 .4 per cent of the copper in a concentrate which con
tained 1.18 per cent of copper.

Test 31

In Test 31, the pulp was conditioned with copper sul
phate prior to the addition of Reagent 425 and potassium 
hexyl xanthate, The results are shown in Table 14,

•  Table 14° Results of Test 31 ______
Weightg Assay, Distribution 
Per Cent. Per Cent . Per.Cent

 _____ ;_____ Copper _____
Concentrate 18,0 1,47 26,2
Tailing 82,0 0,91 73-8
Heads 100,0 . 1,01* 100,0
*Assay by products

The results of Table 14 indicated an extraction of 26,2 
per cent of the copper in a concentrate which contained 1,47 
per cent of copper. Changing the point of adding the cop
per sulphate apparently did not improve the results,

Test 32

The experimental procedure followed that of Test 3 0, 
with the exception that copper sulphate was increased from 
0,5 pound to 1,0 pound per ton of solids. The results are 
presented in Table 15,
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Table 15« Results of Test 32
Weight, 

Per Gent
Assays 
Per Gent 
Copper

Distribution, 
Per Cent

Concentrate 17°2 1,36 29°7Tailing 82,8 0,67 70,3Heads 100,0 0,79* 100,0
*Assay by products -

Referring to Table 15, the results indicated an ex-
traction of 29°7 per cent of the copper with a concentrate
containing 1 . 3 6 per cent of copper. The results were not
improved with an increase in copper sulphate,

Test 33

The nitrogen dioxide was increased to 0,7 liter in
Test 33° The results are presented in Table 16,

Table 16, Results of Test 33
Weight 5, Assay, Distribution,
Per Gent Per Gent Per Gent

Copper
Concentrate 16,2 1,30 28,2
Tailing 8 3 ,8 0 , 6 4 71°S
Heads 100,0 0,75* 100,0
*Assay by products
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The results given in Table 16 skewed an extraction ©f 

28.2 per cent of tke copper in a concentrate which con
tained 1„30 per cent of copper. Comparing the results of 
Test 33 with those of Test 32, an improvement in extraction 
was not obtained by increasing the amount of nitrogen di
oxide „

Summary of Results of Tests 30 to 33, Inclusive

The results of Tests 30 to 33, inclusive, definitely 
showed that the recoveries obtained by conditioning ehryso- 
colla with nitrogen dioxide when a synthetic mixture of 
ehrysoeolla and quartz was used were not duplicated when 
the Southwestern ore was employed. The extractions when 
the ore was used were from 26,2 to 3 0 , 4 per cent of copper, 
whereas the extraction when the synthetic mixture was used 
were 35°5 to 8$,0 per cent, excluding the extraction obtained 
in Test 6,

It should be noted, however, that the sulphidizing 
reagent was replaced by Reagent 425 in the experimental 
work on the Southwestern ore, and the results therefore 
cannot be considered comparable to those obtained with a 
synthetic sample.
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CHAPTER IT - SUMMARY

1, Experimental results obtained by conditioning a 
synthetic mixture of chrysoeolla and quartz in the dry 
state with nitrogen dioxide, followed by conditioning with 
hydrogen sulphide, yielded a maximum extraction of 77°3 

per cent of the copper by flotation.
2° The conditioning of a synthetic mixture of chryso

eolla and quartz contained in an ore pulp with nitrogen 
dioxide, followed by conditioning with sodium sulphide, 
yielded a maximum extraction of 8 5 °0 per cent of the 
copper.

3. The conditioning of a synthetic mixture of chryso
eolla and quartz contained in an ore pulp with various acids, 
followed by the conditioning of the pulp with hydrogen sul
phide, yielded the following maximum extractions of copper.

Acid, 
Pounds Per 
Ton of Solids

Maximum 
Extraction, 
Per Cent

Hydrogen sulphide only 
Acetic acid 
Nitrogen dioxide 
Hydrochloric acid 
Sulphuric acid 
Sulphur dioxide

None
0.22
1°330.22
0.871.00

50.357-8
6 4° 6 
6 7 .8  
73-7 
77-5

4- Experimental results obtained by conditioning chry
soeolla contained in an ore pulp, with nitrogen dioxide,
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followed by conditioning with, copper sulphate and substitu
ting Reagent 425 for sodium sulphide yielded a maximum ex
traction of 3 0•4 per cent of the copper by flotation. Ex
perimental work was not done with an ore with respect to 
conditioning with either hydrogen sulphide or sodium sul
phide following conditioning with nitrogen dioxide,

5° On the basis of the experimental work presented in 
- this paper9 the writer suggests, although he cannot offer 
proof, that the conditioning of chrysocolla with an acid 
resulted in the formation of soluble copper which was 
sorbed by the chrysocolla,

A test was made in which nitrogen dioxide was added to 
a pulp containing chrysocolla and the pulp was agitated for 
20 minutes, after which the solids were separated from the 
solution by filtration. The entire solution was evaporated 
to approximately 100 cubic centimeters and the presence of 
soluble copper tested with potassium ethyl xanthate with a 
negative result. On the basis of the theory that some 
soluble copper was formed by the reaction of chrysocolla 
with an acid and was sorbed by the chrysocolla, the writer 
further suggests that the soluble copper was precipitated as 
copper sulphide by either hydrogen sulphide or sodium sul
phide following conditioning with acid and that the copper 
sulphide was conditioned by xanthate for flotation.
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