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TABLE I—Summary of Flotation Tests.
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ibfton Tailing Xanthatle - Ratio n Gold by Cyanidalicn al 24 hr by Gold Ibjton cone bfton ore
Test solids Sol'm  Remaining of Cone.  Flolalion Au Au  Cyaniaalitn Recorery
No. added o/l in Sol'n Cone. o o ozfion onizon % % NaCN CaO NaCN CaO
1 0.05 0.0033 30 13.6 7.36 82.7 0.66 0.17 74.2 61.4 28.1 13.9 2.1 1.0
2 0.10 0.0049 22 11.8 8.46 86.1 0.62 0.19 69.5 59.1 24.8 11.9 2.1 1.0
3 0.16 0.0064 19 12.4 8.11 85.7 0.69 0.27 60.8 62.1 23.8 13.3 1.9 1.1
4 0.20 0.0089 20 12.7 7.87 87.7 0.63 0.26 58.7 51.4 3.0 13.56 1.8 1.1
b 0.25 0.0111 20 11.9 8.44 87.1 0.81 0.36 b5.6 48.4 21.6 18.1 1.8 1.1

ne\cessary to first float the sulphides and gold before pro-
ceeding with the cyanidation step. Consequently, this was
the procedure used in this present work to determine the
effects of the different commercial xanthate compounds
and dithiophosphoric acid-type flotation reagents.

Results
In the work on the residual xanthate after a flotation

“operation, the xanthate was added with an initial concen-

tration ranging from 0.011 to 0.055 grams of xanthate per
litre which under the test conditions used was equiva-
lent to 0.05 to 0.25 pounds of xanthate per ton of solids.
The results in Table I and Figs. 1, 2 and 3 show that as
the xanthate concentration was increased by up to a fac-
tor of 5, the residual xanthate increased over this range
in a linear relationship by a factor of up to only 3, i.e.
from 0.033 to 0.11 grams of xanthate per litre. Also, as
the xanthate was increased, the gold recovery by flotation
only, increased from 82.7 to 87.1 per cent. About 65 per

In the examination of the cffects of the various xan-
thate products, 0.4 pounds per ton of solids of either iso-
propyl, secondary butyl or amyl xanthate was added to
the gold ore. The results are shown in Table II and Fig, 4
In the control test where xanthate was not added, about
93 per cent of the gold was extracted in 24 hours. In the
presence of xanthate, the extractions were reduced
to 84, 80 and 78 per cent with the isopropyl, bu-
tyl and amyl xanthate respectively. In a similar series of
tests in which three dithiophosphoric acid-type collectors
were used instead of xanthate, it was observed that these
Acrofloat collectors also reduced the gold extraction but
to a lesser degree than the xanthates. The gold extraction
rates in 24 hours were 89, 87 and 81 per cent with 0.4
pounds of Aerofloat 15 Acrofloat 25 and Aerofloat 242
respectively.

Discussion
Some of the other methods for determining xanthate in
solution that were tried involved ion exchange techniques

cent of the gold was removed by the blankets prior to
flotation and therefore with the added recovery by flota- {4], precipitation with copper.procedures [5] and color
tion, this represented a total gold recovery of from 94.2 comparison methods [6]. The method using a spectropho-
to 95.6 per cent. tometer [7] for measuring the adsorption of light of a
After cyanidation of only the flotation concentrates
for 24 hours, it was found that the gold extraction de- TABLE II—Effect of Various Collectors on Gold Re-
creased when the xanthate concentration was increased. covery in Cyanidation.
This extraction ranged from 74.2 per cent with 0.05
pounds of xanthate per ton of solids to 55.6 per cent ex- Collector used
traction when 0.25 pounds of xanthate per ton of solids b ton Residue  Exlraction
was added to the flotation step. The overall extraction _ Type solids  Awozilon Awu,%  Common
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thate added. The cyanide consumption in these tests drop- Secondary butyl xanthate. . 0.032 800 %ﬁﬁmg-
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ped slightly from 2.1 down to 1.8 pounds of sodium cya-  Ampstrdste-r1rn Do ma gt
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tially the same at about 1 pound of CaO per ton of ore. crofloat 242............. 0-031 80.6
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Fig. ‘1. (Left) Residual xanthate compared to various amounts added. th 2. (Centre) Effects of various amounts of
xanthate on gold recovery. Fig. 3. (Right) Effects of various amounts of xanthate added to flotation on reagent con-
sumption in cyanidation.
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Fig. 4. Effect of various types of collectors on gold
extraction from ore.

specific wavelength was not included since,it was the
aim of the project to find a relatively simple but also
inexpensive method. The method chosen appears to be
reliable and will give reproducible results under condi-
tions found in most flotation systems and does not involve
any costly equipment.

Because adequate contact time was not given to obtain
the maximum extraction by cyanidation, an examination
of the economics of the overall results would be of little
value.

At the lowest xanthate concentration used, namely 0.05
pounds of xanthate per ton of solids, there was 30 per
cent of the xanthate in solution at the end of the flotation
period while there was only 20 per cent of the xanthate
remaining when the highest concentration was used. This
shows that there was a greater adsorption on the mineral
surfaces at the higher concentrations which would con-
stitute a greater waste and be a cause for more adverse
effects in the cyanidation step.

Some operators of flotation-cyanidation circuits have
reported an increase in cyanide consumption with an in-
crease in the addition of flotation reagents but many of
these mills use copper sulphate as an activator. With cop-
per being adsorbed on the metallic minerals in the form
of cuprous xanthate, it is quite possible that the increased
cyanide consumption is caused by the copper ions and
not directly due to the xanthate ions. Since copper was not
used in these tests, the effect of copper was not established
under these conditions.

In the experiments on the effect of various types of
collectors on the gold extraction from an ore, the high
concentration of xanthate or dithiophosphoric acid, name-
ly 0.4 pounds per ton of solids, was used to increase the
probability of detecting small effects on the gold disso-
lution rate. The results indicated that the detrimental ef-
fects of xanthate in the extraction of gold were related to
the carbon chain attached to the xanthate radical; the
longer the chain, the greater was the adverse effect on
the extraction rate. However, because of the uncertainty as
to all of the constituents of the dithiophosphoric acid-type
collectors which were tried, one could not conclude that
it was the length of the carbon chain in this type of re-
agent that controlled the detrimental effects in cyanida-
tion. .

It is generally accepted that Aerofloat 25 is a stronger
collector than Aerofloat 15 and that Aerofloat 242 is a
stronger collector than Aerofloat 25 [8]. It can be sug-
gested then, that in both the xanthate and the dithiophos-
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phoric acid-type collectors, the stronger collector is more
strongly adsorbed and therefore is more difficult to re-
move from the mineral surface to expose the gold to the
cyanide solution. The stronger collectors therefore have
the greatest effect on the rate of gold extraction in the
subsequent cyanidation step.

Canclusians

The results of the work have shown that the presence of
xanthate in a cyanide circuit retards the dissolution rate
of gold and therefore it would be to the operator’s adtan-
tage to keep the xanthate added to a minimum required
for successful flotation.

It has also been shown that the residual xanthate in
the flotation water can be used as an indication of the
amount added.

A suitable analytical technique has been tested for the
determination of residual xanthate and therefore the
means are available which would allow an operator to
control the xanthate addition to a predetermined level.
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APPENDIX

Determinatian of xanthate in flatation salutions
This simple procedure [9] provides reliable and repro-
ducible results under most conditions in flotation for the
determination of xanthate in the flotation tailing water.
It involves the determination of the total reducing capa-
city of the solution and a similar determination on ano-
ther sample of the same solution from which the xanthate
has been removed by a solvent extraction step using kero-
sene. The difference in these two determinations is due
to the xanthate. Using this method a determination can
be made in less than half an hour.

The steps are as follows:

1) To 100 cc of filtered flotation tailing water in an
Erlenmeyer flask, add 5 cc of potassium sulphate solu-
tion.

2) Add 0.2 grams of iodine indicator.

3) Titrate with iodine to a blue-purple end point.
This is the total reducing power of the solution.

4) Repeat steps | to 3 using 100 cc of water that
is used in the plant. This is Blank No. 1.

5) To another 100 cc of filtered flotation tailing
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water in a separatory funnel, add 50 cc of tartaric acid.

6) Add 25 cc of kerosene.

7) Shake the contents of the funnel for 3 minutes.

8) Let settle for 12 minutes.

9) Transfer the aqueous layer (lower layer) to an
Erlenmeyer flask and add 5 cc of potassium sulphate
solution.

10) Add 0.2 grams of iodine indicator.

11) Titrate with iodine to a blue-purple end point.
This is the reducing power of the solution with the
xanthate removed.

12) Discard the kerosene left in the separatory funnel.

13) Repeat steps 5 to 12 using 100 cc of plant water.
This is Blank No. 2.

14) The iodine equivalent of the xanthate concentra-
tion is: the total reducing power as determined in step 3
minus Blank No. 1 from step 4, minus the difference
between the reducing power of the solution with the
xanthate removed (step 11) and Blank No. 2 (step 13).

15) The number of cc’s determined in step 14 times
a factor equals the concentration of xanthate in solution.
The factor is determined for the particular xanthate from
an equation similar to the following one which is for
sodium ethyl xanthate:
2NaC=SOCH;S + 21, » (C=S O C,H; S); + 2 Nal

For a 0.002 N iodine solution, each cc of iodine used
for the titration of 100 ccs of sample would be equivalent
to 2.9 mgms of sodium ethyl xanthate per litre.

Concentration of reagents
Potassium sulphate or iodide — 35 grams per litre

Tartaric acid — 50 grams per litre
Iodine — 0.002 N (So 1-86)
Iodine indicator — Either Thyodene (T-138)

or Starch Indicator solu-
tion (SoS-408)
or 1 per cent potato
starch solution (S-513)
Note: The numbers in brackets refer to catalogue num-
bers from the Fisher Chemical Index. Equivalent

products from other manufacturers can be used
satisfactorily.

General comments

Other volumes of samples may be necessary because of
low or high xanthate concentrations. The blanks should
then be done on similar volumes.

If a flotation solution is much higher than pH 8 then
it may be necessary to neutralize the solution to this value
before using this method.

Other constituents of the flotation solution other than

‘xanthate could be extracted by the kerosene. If this is

the case then the results may be only relative.

Discussion

Question — Would a spectrophotometer be a satisfactory
instrument to monitor the xanthate concentration enter-
ing the cyanide circuit and how much would it cost?
Reply — The spectrophotometer method is not fool proof
as there are other interfering elements in solution that
could prevent accurate reading of the xanthate strength.
If the “Spectronic 20” would do the job the cost would
be about $800,00. If a more sensitive unit were required it
could cost $3000.00.

Question — Was this investigation confined to adsorbed
xanthate only?

Reply — In addition to the adsorbed xanthate there was
some residual moisture in the filter cake which was
carried over to cyanidation.

Washing a concentrate in a filter is helpful but it is
not possible to remove any more than 50 per cent of the
adsorbed xanthate by washing alone. Steam treatment
or heating will remove almost all of the xanthate but the
cost of this treatment may be uneconomical and further
more it would increase reactivity of the sulphides which
would almost certainly increase the cyanide consumption.
The ideal arrangement would be automatic control of
the addition of xanthate so that just enough and no more
was added to give maximum recovery by flotation. The
cyanide consumption should then be at a minimum. ®




