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Flotation of sulphide minerals from their ores is achieved by a 
process in which two or more conditioning steps are carried 
out prior to afroth flotation step. The first step comprises con 
ditioning a pulp of the ore in the presence of at least one al 
kaline agent selected from a group of agents which is defined 
in the specification which follows. The pulp is then further 
conditioned in the presence of a member of the xanthate fami 
ly offlotation reagents and sufficient dispersing agent to effec 
tively disperse the host rock minerals. The resulting pulp is 
then subjected to froth flotation. Preferably there are three 
separate conditioning steps, namely conditioning carried out 
in the presence of (1) one of the hereinafter defined alkaline 
agents, (2) a member of the xanthate family of flotation re 
agents, and (3) sodium silicate. The invention is particularly 
valuable for the recovery of metallic sulphides from ores con 
taining talcy minerals or natural slimes and the invention has 
been applied with signal success to the flotation of copper 
nickel sulphide ores containing over 40 percent weight of 
talcose host rock minerals. 

ABSTRACT 

27 Claims, 1 Drawing Figure 
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FLOTATION OF COPPER-NICKELSULFIDE ORES 
This application is a continuation in part of application No. 

727,268, filed May 7, 1968 now U.S. Pat. No. 3,596,838. 
This invention relates to the flotation of sulphide minerals 

from their ores and is especially valuable in the case of sul 
phide ores containing appreciable quantities of talcy-type host 
rock minerals. In prior flotation procedures with appreciable 
amounts of such host rock minerals, large quantities of the 
host rock are floated with the sulphides, thereby making the 
operation uneconomical or resulting in low grade concen 
trates which are difficult or impossible to up-grade, and, in 
many cases, poor recoveries of the sulphide values. 

In addition to the above described ores, generally referred 
to as talcose ores, this invention is especially useful for the 
recovery of sulphides from a broad field of host rock materials 
such as those contained in mud seams, graphite, and ores with 
natural slimes that interfere generally in the same manner in 
the flotation of sulphide ores containing talcose type minerals. 

In the past, the method of treating such ores has been either 
to deslime the pulp before flotation resulting in major sulphide 
value losses, or a pre-float made ahead of the sulphide float 
also resulting in major sulphide losses, or where the ore is of 
sufficiently high grade the deleterious material is floated with 
the sulphides resulting in a low grade concentrate being 
shipped to the smelter, or alternately, cleaned many times, 
resulting in a medium grade concentrate with comparatively 
low value recoveries. 

BRIEFSUMMARY OF THE INVENTION 

I have invented a process wherein the sulphides can be 
directly floated at a moderate cost from such ores, with the 
production of high grade concentrates and high sulphide value 
recoverles. 

With my process there is no need to deslime prior to the sul 
phide flotation, or make an initial pre-float for discarding to 
tailings or further treatment. 
As will be seen from the following, my process may involve 

unusual combinations of reagents together with pre-condition 
ing steps wherein the reagents added in each step and their 
concentrations are major factors in this surprisingly effective 
flotation procedure. It will also be seen in the following that 
selection of alkaline agents is most important and optimum 
results are only obtainable with correct combinations of 
agents. 
My invention may be generally defined as a process for the 

flotation recovery of at least one sulphide mineral from an ore 
of the same by a process in which at least two stages of condi 
tioning precede flotation, said process comprising condition 
ing a pulp of the ore in the presence of an alkaline agent 
preferably selected from the group consisting of alkali metal 
carbonates, ammonium hydroxide, mixtures of these com 
pounds, and mixtures comprising at least one of the com 
pounds and at least one hydroxide selected from the group 
consisting of sodium, potassium and calcium hydroxides or 
lime; and, in the presence of a member of the xanthate family 
of flotation reagents and a sufficient amount of dispersing 
agent to maintain the host rock minerals effectively dispersed, 
further conditioning the said pulp and subjecting same to froth 
flotation. 
The presently preferred process according to the invention 

includes three conditioning steps. In the first conditioning step 
the ore, together with activating agents or wetting agents 
which are to be used, is conditioned in the presence of an al 
kaline agent which may preferably be either an alkali metal 
carbonate or ammonium hydroxide, or mixtures of these com 
pounds, or mixtures of one or both of these compounds with a 
hydroxide selected from the group consisting of sodium, 
potassium and calcium hydroxide or lime. This conditioning 
step is carried out for a period of time sufficient to activate the 
mineral or create conditions on the surface of the mineral for 
optimum activation and with sufficient alkaline agent to bring 
the pH of the resulting pulp to a point within the optimum 
range for flotation of the desired mineral. The pulp resulting 
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2 
from this first step is now subjected to a second conditioning 
step in the presence of a selected member of the family of 
xanthate flotation reagents for a time predetermined by ex 
periment to produce maximum activation. The third condi 
tioning step comprises conditioning the pulp resulting from 
the second step in the presence of dispersing agent once again 
in an amount and for a time predetermined by experiment to 
be sufficient to effectively disperse the host rock minerals. 
The pulp resulting from the third conditioning step is then sub 
jected to froth flotation. 

Further, as will be seen from what follows, the time of flota 
tion required after the stages of pre-conditioning is compara 
tively short as compared to conventional flotation circuits, 
even as compared with those which are free of such deleteri 
ous material. This not only means an appreciable saving in 
capital cost but also a possible reduction in operating costs. 
Following the addition of the frother I found that the sulphides 
float in the rougher circuit extremely rapidly using a rougher 
flotation time of 7 to 12 minutes. The normal rougher flota 
tion time in the flotation of the nickel mineral pentlandite in 
current conventional circuits is 45 minutes. 
The data from this invention also indicates that it may be 

applied for additional host rock rejection to current base 
metal sulphide flotation plants to reduce the insol in the final 
concentrates now being produced from ores containing the 
normal host rock materials and that have theretofore not been 
considered troublesome. By reducing the insol in the concen 
trates both freight and smelter costs will be reduced. 

In the detailed description which follows, I have shown that 
excellent results may be obtained on a copper-nickel sulphide 
ore using as one combination, sodium carbonate and ammoni 
um hydroxide as the alkaline controlling reagents in the 
process. In the application of this process, it may well be found 
that on other types of ores containing different host rock con 
stituents or other sulphides such as lead and zinc, other al 
kaline combinations may either be more economical or show 
improved results over the sodium carbonate ammonium 
hydroxide circuit found best for this copper nickel ore. With 
this copper nickel ore I have found it advantageous to use 
copper sulphate as an activator in the intial conditioning step, 
whilst with a sulphide such as galena no such activating agent 
is required. 
When the conventional xanthate flotation method for flota 

tion of this ore is used, the inventor was informed that the 
maximum grade of concentrate producible was in the range of 
2-2% percent nickel with recoveries of approximately 65-70 
percent. With my process a concentrate grade in excess of 5 
percent nickel was produced with final recoveries indicated in 
excess of 80 percent. 

In my process I not only found that the pre-conditioning 
stages were important, but also the method in which I carried 
out my cleaning. Again, a short conditioning stage with the ad 
dition of reagents before each cleaner gave optimum results. 

BRIEF DESCRIPTION OF DRAWING 

A drawing is attached which is a flow sheet of the preferred 
embodiment of the invention. 

DETAILED DESCRIPTION 

Referring to the drawing, in this preferred procedure which 
is applied to the flotation of copper and nickel sulphides from 
its ore, the wet grinding and first conditioning step are carried 
out simultaneously, the ore being fed to a wet grinding system 
together with a wetting agent, at least one alkaline reagent, 
and an activator for the nickel sulphide minerals, namely 
copper sulphate. When the ore has been ground to the desired 
fineness and the sulphides activated, the ore is taken from the 
grinding circuit and subjected to a second conditioning step in 
the presence of a selected member of the xanthate family of 
flotation reagents. This treatment is carried out for a period 
which must be predetermined by experimentation in a manner 
which will be described in detail later. The thus conditioned 
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ore is subjected to a further (third) conditioning step in the 
presence of an amount of dispersing agent sufficient to effec 
tively disperse and depress the host rock minerals. A conven 
tional frother is added toward the end of the third condition 
ing step and the resulting pulp subjected to froth flotation. 
A detailed description of the preferred procedure of the in 

vention is set out in Example 1 which follows. The ore treated 
in Example I was a copper-nickel sulphide ore containing an 
estimated average 40 percent of talcose type minerals. The 
sample contained 0.52 percent nickel in the form of pent 
landite and 0.25 percent copper in the form of chalcopyrite. 
The ore was ground in a laboratory rod mill at 60 percent 
solids to a fineness of about 95 percent minus 200 mesh in the 
presence of the equivalents of 7.5 pounds per ton of ore of 
sodium carbonate, 0.62 pounds per ton of ore of ammonium 
hydroxide, 0.45 pounds per ton of ore of activator (copper 
sulphate) and 0.075 pounds per ton of ore of a wetting agent 
which was a trimethylnonyl ether of polyethylene glycol. The 
grinding time was 40 minutes during which period the first 
conditioning step was completed. The resulting pulp was then 
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4. 
ever, able to obtain satisfactory results with, in addition to the 
combination mentioned in Example I, sodium carbonate by it 
self, ammonium hydroxide by itself, sodium carbonate and 
ammonium hydroxide in combination with lime, sodium car 
bonate in combination with lime alone and sodium carbonate 
in combination with sodium hydroxide. Because of the similar 
chemical properties of sodium hydroxide and potassium 
hydroxide, it is apparent that potassium hydroxide could be 
substituted for sodium hydroxide in the combinations above 
where sodium hydroxide gave beneficial results. I have set out 
below in tabular form the results of a series of tests using vari 
ous alkaline reagents, the conditions in each case being ex 
actly the same as described in Example I except for the in 
dicated changes in the alkaline reagent(s) employed. 
The test numbers are shown in the first column of this table 

and test No. 204 is the test which gave the results fully set out 
above in Example I. 

It is immediately apparent from a study of Table I that the 
results obtained with calcium hydroxide alone, sodium 
hydroxide alone or a combination of these two components 

TABLE I 

Table showing effect of use of different alkaline reagents) 
Alkalis used, lbs.fton Rougher tailings, percent 

Test pH - ----- 

No. Step 3 Na2CO NH4OH Ca(OH), NaOH Wt. Ni Cu 

).8 7.5 0.62 O. O. 0.0 75.7 0.097 0.08 
).5 (), () 0.62 5. O (). O 73. 0.107 ().019 
9.8 (). () 0.62 7.5 (). () 68.7 (). 6 (). O1 
... 7 (). () ... O 6.25 0.62 72.) (). 123 (). O19 
.85 3.75 0.62 3.5 (). () 69.6 ().036 (). O1) 
2.75 7.5 (), () (), () (). 32 74. ) (). () (). (19 
$). 8. (). (), (), () 74, 5 (). {} (), () 
3.85 (). () (). O (). O 3.) 75. () (). 113 0.09 

2, 4 (). () 4.25 (). () ().) 73.8 0.04 ().018 
{}.35 ().) (). () 6.25 (). O 67.2 O. 119 0.019 

subjected to a second conditioning step for a period of 20 
minutes with the addition of 0.125 pounds perton of potassi 
um amylxanthate. The pulp resulting from the second condi 
tioning step was subjected to a third conditioning step for a 
period of 10 minutes in the presence of 35 pounds sodium sil 
icate per ton of ore. At the end of the second step the sul 
phides showed heavy floculation at the surface of the pulp. 
Following the addition of sodium silicate in the third step, the 
host rock was heavily dispersed while the sulphide flocs only 
partially broke up. At the end of approximately 1 minute fol 
lowing the addition of sodium silicate the sulphide flocs 
strongly reformed while the host rock minerals remained 
heavily dispersed. The pH of the pulp at the end of the third 
conditioning step was 9.8. During the last 2 minutes of this 
conditioning stage, frother was added which was two drops of 
pine oil. The resulting pulp was then subjected to froth flota 
tion for a period of 12 minutes during which 0.05 pounds per 
ton of xanthate was added and two additional drops of pine 
oil. The pulp temperature was 36 C. 
The rougher tailings amounted to 75.6 percent by weight 

and were remarkably low in nickel content. The nickel analy 
sis was 0.097 percent while the copper analysis was 0.018 per 
cent. So far as I am aware, it has never in the past been possi 
ble to obtain results of this order in the case of an ore having a 
talcose content of this magnitude. 
While in the preferred process described in detail above all 

of the first conditioning step is completed during wet grinding 
it should be appreciated that the first step might be carried out 
partially during wet grinding, with the remainder of this first 
conditioning step being conducted after the grinding has been 
completed. FUrthermore, in certain cases it may be desirable 
to carry out the entire first conditioning step after either wet 
or dry grinding. 
As indicated above, other alkaline reagents may be em 

ployed but experiments I made with the conventional alkaline 
reagent used in the flotation of copper and nickel sulphides, 
namely lime, gave poor recoveries and had a tendency to float 
an appreciable percentage of the host rock. The use of sodium 
hydroxide by itself also gave unsatisfactory results. I was, how 
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gave inferior metallurgical results. Throughout this table the 
illustrations shown represent the best metallurgy that was at 
tained in optimizing such reagent or reagent balances. 

Reference will now be made to the manner in which one 
may predetermine the optimum conditioning periods. To ar 
rive at the optimum period for conditioning during step 1, one 
runs a series of tests, the first being taken immediately at the 
end of grinding and further tests at intervals of a few minutes 
up to an hour of conditioning subsequent to completion of 
grinding. If no economic improvement is shown by additional 
conditioning after grinding, one would, of course, immediately 
proceed with conditioning step 2 but if improvement is real 
ized with further conditioning, the cut-off point in time will be 
a factor of the increased mineral recovery vs. the cost of 
further conditioning. This may be illustrated by comparing the 
results which were obtained with tests 150 and 162 which will 
now be described as Examples II and III respectively. 

EXAMPLE II 
Test 150 
The wetting agent, sodium carbonate, ammonium hydrox 

ide and copper sulphate were added to the grinding circuit at 
the rates of 0.075, 7.5,0.62 and 0.45 lbs. per ton respectively. 
Step I took place simultaneously with the grinding and step 2 
was a 7 minute conditioning cycle with 0.125 lbs. per ton of 
potassium amylxanthate (Z6) added. In step 3, 35 lbs. perton 
of sodium silicate was added and the conditioning time was 10 
minutes. The frother was pine oil and during rougher flotation 
0.05 lbs. perton of Z6 (potassium amylxanthate) was added. 
The rougher tailings were 80.1 percent by weight and 

analyzed 0.101% nickel. 
EXAMPLE 

Test 162 
This test is a near duplicate of Test 150 with the exception 

that step 1 included a 45 minute conditioning period following 
the grinding stage. All other conditions were the same with the 
exception that slightly less wetting agent was used, namely 
0.0625 lbs. perton. 
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The rougher tailings were 79.8 percent by weight analyzing 
0.097 percent nickel. 

In comparing this test to Test 150 the inclusion of additional 
conditioning following grinding and before the xanthate con 
ditioning indicates a slightly higher recovery but may not be 
economically justified. 
The optimum conditioning time for the second conditioning 

step is illustrated by Table II below which describes five tests 
carried out under the same conditions except for the length of 
time devoted to conditioning step 2. As with all the tests re 
ported throughout this specification, the work was done on 
three samples of the same copper nickel ore basically varying 
in talc content from an estimated minimum of 25 percent to a 
maximum of 50 percent. The series of tests making up eachin 
dividual series were, of course, conducted upon the same sam 
ple of ore. 

TABLE II 

Rougher tailings, 
Conditioning time, mins. percent 

Test -- ------- 

No. Step 1 Step 2 Step 3 Wt. Ni Cu 

200---------- - - - O 10 78.2 0.113 0, 019 
3. IGinging cycle 5. 10 77.4 0.110 0.08 
20 - - ... O 10 77.9 0.109 0, 019 
203 I? throughout 10.0 10 75.6 0, 101 0, 018 
204--------- 20.0 10 75.6 0.097 0.018 

The major break in the tailings loss takes place between 5 
and 10 minutes conditioning time and shows a further small 
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6 
mineral in the tailings increases. The optimum range of sodi 
um silicate concentrate is now indicated. The following are 
two comparative tests showing the lower end of the range 
compared to the optimum concentration of sodium silicate 
which is approximately 25 percent higher than the lower limit 
tested, 

EXAMPLE IV 
In these two comparative tests, all reagents and condition 

ing periods were the same with the exception that in test 120, 
37% pounds per ton of sodium silicate was used as against 30 
pounds of sodium silicate per ton of ore in test 123. It was 
found that in test 123 the sodium silicate concentration had 
dropped below the lower effective concentration of the 
dispersant for optimum metallurgical results. In test 120, the 
percentage weight of the ore rejected in the tailings was 78.1, 
analyzing 0.130 percent nickel, as against the lower tailings re 
jection in test 123, that is 74.7 percent by weight analyzing 
0.144 percent nickel. It is obvious that the percentage of 
material floating suffered and that there was a higher nickel 
loss in the tailings when the sodium silicate concentration is 
lower than that required to effectively disperse and depress 
the host rock minerals. 
While I generally prefer to add all the dispersant during the 

third conditioning step, I have found it possible to add a minor 
part in step 1 and the major part in step 3. Results obtained 
from adding a portion of the dispersant during this first step 
are shown in Table IV. 

TABLE IV 

Rougher tailings, Na2SiO3, lbs.fton Conditioning time, mins. percent 
Test No. Step 1 Step 3 Step 1 Step 2 Step 3 Wt. Ni - Cu 

O 35 Grinding cycle 20 10 75.6 0.097 0.018 
10 25 only 20 10 74.6 0.098 0.018 

17, 5 17.5 0 0.01) 

increase in recovery at 20 minutes. Optimum condition time 
for step 2 is seen to be between about 10 to 30 minutes. 
The time period of the third conditioning step is similarly 

predetermined by experimentation and a group of such ex 
periments are illustrated in Table III describing four tests in 
which the only variable is the period allotted to the third con ditioning step. 

TABLE III 

Rougher tailings, 
Conditioning time, mins. percent 

Test --------- 

No. Step 1 Step 2 Step 3 Wt. Ni Cul 
210--------- Grinding cycle 20 2.5 74.6 0.096 0.08 
211- - only 20 5.0 75.6 0,097 0.017 
20. - throughout 20 10.0. 75, 6 (),07 0, 018 
212- - - - - - Lists. 2() 20.0 75.7 0, 103 0.018 

It will be noted that the tailings loss increases between 10 
and 20 minutes conditioning with no noteworthy differences 
in metallurgy between 24 and 10 minutes. It may be seen 
from this table that the third conditioning step for optimum 
results should not be carried on for more than 10 minutes and 
the preferred period is some 2% to 5 minutes. It will also be 
noted that at 20 minutes metallurgy suffers. In this cycle it is 
therefore important not to exceed the selected time period by 
an appreciable time. 
The amount of sodium silicate which should be present dur 

ing the third conditioning step must also, in the case of each 
ore, be pre-determined by experiments. On an ore of this type 
with high talcose content using conventional flotation means 
well-known to the art, the mass of the ore tends to float 
producing a very low grade concentrate. To obtain the op 
timum amount of sodium silicate required to substantially 
disperse and depress the host rock minerals, I keep increasing 
the amount of sodium silicate until a comparatively clean dif 
ferential sulphide float is obtained. I then continue with a 
slight excess over this amount and then conduct a series of 
controlled tests using lesser amounts until the host rock again 
begins to interfere with the float and the amount of sulphide 

40 

45 

50 

55 

60 

65 

70 

75 

throughout. 20 75. O. O. 103 

In comparing the results of these tests to 204 wherein all of 
the dispersant was added to step 3, as against approximately 
30 percent to the grinding circuit with 70 percent to step 3 
(Test 209), the results, although slightly poorer, may be con 
sidered a stand-off. 

With 50 percent (Test 217) of the dispersant added to the 
grinding circuit and 50 percent to step 3, there is a noticeable 
increase in tailings loss of nickel. From an operational point of 
view where it may be desirable to circulate part of the 
recovered solution from the flotation circuit tailings to the 
grinding circuit, and wherein there will be a number of the re 
agents including sodium silicate partially recovered, this 
characteristic of the circuit in being able to tolerate somewhat 
in excess of 30 percent of the total sodium silicate required 
without undue nickel loss can be important economically in 
reduction in the overall reagent cost as shown in this open cir 
cuit work. 

The effect of reversing the times of addition of the sodium 
silicate dispersant and the xanthate collector is illustrated in 
Table V in which the sodium silicate is added during step 2, 
and the xanthate in step 3. 

TABLE W 

Conditioning time, mins. Rougher tailings, percent 
Test No. Step 1 Step 2 Step 3 Wit. Ni Cu 

205--------- O 10 5.0 76.9 0.16 0.09 
206. 0 10 0.0 76.3 0.114 0.09 
207- 0 10 20.0 75.7 0.108 0.018 

When the results of these three tests are compared with the 
results obtained in Test 204 as set out in Table III, it will im 
mediately be apparent that this reversal of the relative times of 
addition shows increased nickel losses although there is still 
considerable improvement over any prior knowledge in the art 
in the treatment of such talcy-natured ores. 
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EXAMPLES WI families of dispersants other than the silicates could be used in 
my new circuit without detrimental effects on the metallurgy 
of copper nickel ores. 
The ore used in this series of tests, on fine grinding, 

produced a higher than normal percentage of host rock slimes. 
It's chemical analysis was 0.525 percent Ni and 0.45 percent 

This example, which includes a description of rougher con 
centrate cleaning, was carried out on an ore sample taken 
from the same ore body as the samples used in the preceding 
examples. This sample, however, had a higher percentage of 
talc, probably exceeding 50 percent, and was the most refrac Cu. tory to flotation treatment. ry In all of the tests a 30 minute laboratory rod mill grind was 

Reagents added during grinding used producing a product that analyzed approximately 90 per 
s 10 cent minus 200 mesh. 

0.075 lbs. perton-wetting agent The following table shows the circuit used in all tests: 
0.45 lbs. perton-CuSO, 
0.62 lbs. perton-NHOH Stage l 30 min: Grinding cycle-Added alkali 
8.75 lbs. perton-NaCOs agent and copper sulphate. 
Step 1 - the grinding time plus 15 minutes of further condi- 15 10 min.: Conditioning in Fagergren cell. No reagents added. 

tioning. Stage II 20 min.: Added collector-potassium 
Step 2 - 0.125 lbs. per ton potassium amyl xanthate, 5 amylxanthate 

minutes conditioning State 3 niri.: Added dispersant and frother 
which was pine oil. 

Step 3 40 lbs. perton NaSiOa. Rougher Float 5 min. 
10 minutes conditioning, 2O Stage V Torougher concentrate in 
2 drops pine oil last two minutes of conditioning Fagergren cell 

Float - 12 minutes with addition of 0.05 lbs. perton potas- Conditioned for 5 min. with added dispersant. 
sium amylxanthate and 1 drop of pine oil. First Cleaner Float-To clean-up. 

The rougher concentrate was conditioned for 5 minutes 
with the following reagents added: 25 (Note-with some ores Stages and Ei may be combined with dispersant and coi 

Wetting agent-0.012 lbs. perton lector added together, and frother at end). 
Potassium amylxanthate-0.025 lbs. perton 
NHOH-0.25 lbs. perton 
NaSiO-1.5 lbs. perton 
The number i cleaner concentrate was conditioned for 530 

minutes with the following reagents added: 
NHOH-0.25 lbs. perton 
NaSiO-1.5 lbs. perton 

The following results show the rougher tailings rejection 
only for comparative reasons, although in my process I have 
found it most desirable to use Stage IV wherein to obtain the 
lowest possible insol in the final concentrate, the rougher con 
centrate should be conditioned from 1 to 3 minutes with the 
further additions of dispersant. 

TABLE WII 
ul-Uls---------------------" " 

Reage1lts, lbs.fton 

Rougher tailings, percent Tetra 
----------------------------- sodium Tignin 

Flot. pyro-phos- Sulpho 
PII W. Ni Cu Na2CO3 CuSO 26 NaSiO3 pate late: 

. 80, 0.036 0.02 .5 0.35 0.15 0.5 - - - - - - - - - - - - - - - - - - - - - - - - 
1, 5 80, 2 0.03) 0, 12 25 35 0.15 - - - - - - - - - - - - 0.05 - - - - - - - - - - 
0.15 80. 0.3S 0.02 1.25 0.35 0.15 - - - - - - - - - - - - - - - - - - - - - - - - - - O. 5 

10, 15 S.S O, O3S . O12 25 0.35 0.10 - - - - - - - - - - - - - - - - - - - - - - - - - - ... O 
O. 10 0.10 - - - - - - - - - - 10, 35 79.8 0.039 0.01 13.5 0.35 

The results obtained are shown below in Table IV. 45 it will be noted that the two families of dispersants, the 
phosphates and lignin compounds, gave excellent dispersion 

TABLE VI with much less quantity than the silicate, and had no detrimen 
Analysis %. Ni tal effect on the nickel or copper metallurgy. 

Product % weight 'N' Distin, it should be further noted that with my circuit and effi 
50 ciently using the pre-conditioning chemically controlled 

stages excellent rougher flotation recovery of the nickel and 
No. 2 Cleaner Concentrate 6.25.63 67. - 
No. 2 Cleaner Tailings 2.8 0.71 3.9 copper was achieved in a flotation period of only 5 minutes. 
No. 1 Cleaner Tailings 31. 0.27 16. In the prior application of my process to high talc bearing 
Rougher Tailings 60.0 0.112 12.9 nickel-copper ores I had found that lime or calcium hydroxide 

Tota: OOO alone as the alkaline control agent would not give as good 
results as other alkalis, or combination of alkalis. 
The following series of tests were conducted on the same 

It will noted that the concentrate grade produced in two ore referred to above to determine the relative merits of calci 
cleaners only was in excess of 5 percent nickel with the total um hydroxide and sodium carbonate in my circuit, wherein 
cleaner tailings analyzing 0.38 percent nickel as against a head 60 only a medium slime factor of an ore was present. The same 
value of 0.52 percent nickel. circuit was used as described above. 

TABLE WI 

Rougier tailings, percent R{:gets, ths.fton 
Float ------------------------- ----------- - - - - - - ---------------------...- - - - - - - 

(st N. Wit. Ni Cl Na2CO3 (a (CyII CSOs 26 Na2SiO3 

7-----------, 9.9 80. .38 0.35 0. 5 0.5 
12- - - - - - - - - - - , 15 80. ). C38 .35 O. 5 o 
13-...----- 11.05 82. O. (5 0.35 0.5 0.5 
4--- 0. 8. .5 0.35 0.5 0.75 
5. 8.3 0.05) 0.35 0.15 O. 625 
16--------- .. S2, 0.05 0.35 O. 5 O. 5 

1 Lignin. - - - Y 

At a grade of approximately 5 percent nickel, analysis of the It will be noted that the soda ash circuit showed improved 
concentrate showed an insol content of approximately 13 per- recoveries in both nickel and copper over the lime circuit, 
cent which is considered excellent in the case of such ores, 75 although the former required much higher quantities of alkali, 
The following series of tests were carried out to determine if and as soda ash is normally much more expensive than lime, 
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under some conditions of operation it may be better 
economics to use lime rather than soda ash on such a type of 
nickel copper ore. 
The results with the lime circuit, in comparison to current 

conventional milling is quite outstanding. 5 
What I claim as my invention is: 
1. A process for the flotation recovery of copper and nickel 

sulphide minerals from ore containing both such minerals by a 
process in which at least two conditioning steps precede flota 
tion, said process comprising: - conditioning a pulp of the ore 10 
in the presence of an alkaline agent to produce a conditioned 
alkaline pulp; then, in at least one further conditioning step, 
further conditioning said pulp in the presence of a member of 
the xanthate family of flotation reagents and a predetermined 
amount of a dispersing agent to activate said minerals and 15 
depress the host rock materials; then subjecting the thus con 
ditioned pulp to a rougher flotation to produce a concentrate 
relatively rich in said minerals and relatively poor in host rock 
material; repulping said concentrate with the addition of 
further dispersing agent to further depress the host rock 20 
materials; and then subjecting the thus further conditioned 
pulp to a first cleaner flotation to produce a concentrate rela 
tively richer in said mineral and poorer in host rock material 
than said rougher concentrate. 

2. A process as defined in claim 1 wherein the dispersing 25 
agent is sodium silicate. 

3. A process as defined in claim 1 wherein the dispersing 
agent is a phosphate. 

4. A process as defined in claim 1 wherein the dispersing 
agent is alignin compound. 3O 

5. A process as defined in claim 1 wherein the conditioning 
in the presence of an alkaline agent takes place at least par 
tially during wet comminution of the ore. 

6. A process as defined in claim 1 wherein the ore is a 
talcose ore that contains a nickel sulfide mineral and the al-35 
kaline agent is selected from the group consisting of alkali 
metal carbonates, ammonium hydroxide, mixtures of these 
compounds, and mixtures comprising at least one of the com 
pounds and at least one hydroxide selected from the group 
consisting of sodium, potassium and calcium hydroxides or 40 
lime. 

7. A process as defined in claim 6 wherein the dispersing 
agent is sodium silicate. 

8. A process as defined in claim 6 wherein the dispersing 
agent is a phosphate. 45 

9. A process for the flotation recovery of copper and nickel 
sulphide minerals from ore containing both such minerals by a 
process in which at least two conditioning steps precede flota 
tion, said processing consisting essentially of (a) conditioning 
a pulp of the ore in the presence of at least one alkaline agent 50 
selected from the group consisting of alkali metal carbonates, 
ammonium hydroxide, mixtures of these compounds, and mix 
tures comprising at least one of the compounds and at least 
one hydroxide selected from the group consisting of sodium, 
potassium and calcium hydroxides; and then, (b) in the 55 
presence of a member of the xanthate family of flotation re 
agents and a sufficient amount of dispersing agent to maintain 
the host rock minerals effectively dispersed, further condition 
ing the said pulp and subjecting same to froth flotation. 

10. A process as defined in claim 9, in which the first condi- 60 
tioning step is at least partially carried out during one or more 
wet grinding stages. 

11. A process as defined in claim 9, in which the entire first 
conditioning step is carried out subsequently to one or more 
wet grinding stages. 65 

70 

75 

12. A process as defined in claim 9, in which the alkaline 
agent is sodium carbonate. 

13. A process as defined in claim 9, in which the alkaline 
agent is ammonium hydroxide. 

14. A process as defined in claim 9, in which the alkaline 
agents are sodium carbonate and ammonium hydroxide. 

15. A process as defined in claim 9, in which the alkaline 
agents are sodium carbonate, ammonium hydroxide and calci 
um hydroxide or lime. 

16. A process as defined in claim 9, in which the alkaline 
agents are sodium carbonate and sodium hydroxide. 

17. A process as defined in claim 9, in which the alkaline 
agents are sodium carbonate and calcium hydroxide. 

18. A process as defined in claim 9, in which copper 
sulphate is added as an activating agent during said first condi 
tioning step. 

19. A process as defined in claim 9, in which a trimethyl 
nonyl ether of polyethylene glycol is added as a wetting agent 
during said first conditioning step. 

20. A process as defined in claim 9, in which the xanthate 
reagent employed is sodium amylxanthate. 

21. A process as defined in claim 9, in which the xanthate 
reagent employed is potassium amylxanthate. 

22. A process for the flotation recovery of copper and 
nickel sulphide minerals from ores containing both such 
minerals by a process in which at least two conditioning steps 
precede flotation, said process consisting essentially of (a) a 
first conditioning step wherein the ore, together with such ac 
tivating agents and wetting agents as are to be used, is condi 
tioned in the presence of at least one alkaline agent selected 
from the group consisting of alkali metal carbonates, ammoni 
um hydroxide, mixtures of these two compounds, and mix 
tures comprising at least one of these compounds and at least 
one hydroxide selected from the group consisting of sodium, 
potassium and calcium hydroxides, in an amount calculated to 
bring the pH of the resulting pulp up to a point within the op 
timum range of flotation of the desired mineral, for a period of 
time sufficient to activate said mineral; then (b) a second con 
ditioning step wherein the pulp resulting from the first step is 
conditioned in the presence of a selected member of the fami 
ly of xanthate flotation reagents for a period of time deter 
mined by experiment to produce maximum activation of said 
minerals; then (c) a third conditioning step wherein the pulp 
resulting from the second step is conditioned in the presence 
of a dispersing agent in an amount and for a time, predeter 
mined by experiment, to be sufficient to effectively disperse 
the host rock minerals; and then (d) subjecting the resulting 
pulp to froth flotation. 

23. A process as defined in claim 22, in which the second 
conditioning step is carried out for a period of from 10 to 
about 30 minutes. 

24. A process as defined in claim 22, in which the third con 
ditioning step is carried out for a period of less than 10 
minutes. 

25. A process as defined in claim 22, in which the second 
conditioning step is carried out for a period of from about 10 
to about 30 minutes, and in which the third conditioning step 
is carried out for a period of less than 10 minutes. 

26. A process as defined in claim 22, in which the dispersing 
agent is added as dispersant during both the first and third 
conditioning steps, the amount added in the first step being 
less than that added in the third step. 

27. A process according to claim 22, wherein the order of 
the second and third conditioning steps is reversed and the 
total time of the third conditioning step is at least 5 minutes. 


