
EFFECT OF XANTHATE 

IN CYANIDATION 

POP,  teâil 
CANADA 

DEPARTMENT OF 
ENERGY, MINES AND RESOURCES 

MINES BRANCH 
OTTAWA 

H. H. McCREEDY AND W. R. HONEYWELL 

EXTRACTION METALLURGY DIVISION 

Reprinted from the Canadian Mining Journal, 

August 1966, pp. 66-69 

Price 25 cents Reprint Series RS  23  



(p) Crown Copyrights reserved

Available by mail from the Queen's Printcr, Ottawa,

and at the following Canadian Governmcnl bookahops:

o rTAwn

Daly Building, Corner Mackenzie and Rldeau

7oaoNTo

Mackenzie Building, 36 Adelaide St. East

MONTnr'At,

Aeterna- Ke Building, 1182 St. Catherine St. West

or through your bookseller

A deposit copy of this publication is also available

for reference in public libraries across Canada

Price 25 cents Cat. No. M38 -8/23

Price snbject to change without notice

R0C7LR DUHAMEL, F.R.S.C.

Queen's Printer and Controlier of Stationery

Ottawa, Canada

1966



'Senior Scientific Officers, Extraction Metallurgy Division. Mines 

Branch, Dept. of Mines and Technical Surveys, Ottawa. 

Paper presented at the Annual Meeting of the Canadian Gold Metal-

lurgists. held in Ottawa .  January, 1966. 

66 

CANADIAN GOLD METALLURGISTS 

Effect of xanthate in cyanidation 

By H. H. McCREEDY and W. R. HONEYWELU 

LOTATION IS OFTEN USED IN A GOLD MILL as a means F 
of preconcentrating the gold bearing minerals prior to 
extracting the gold by cyanidation. Most of the niills that 

use this method, use xanthate as one of the flotation re-
agents. Some of the xanthate is carried over into the cya-

nidation circuit as mineral coating and as flotation con-
centrate moisture. It is known that xanthate causes trou-

ble in the subsequent cyanidation step but most informa-

tion is very vague about the extent or nature of the prob-
lem. In view of this, a program was initiated two years 
a2o to determine whether the exclusive use of xanthate 

in a flotation operation could have a significant effect on 
the efficiency of the subsequent cyanidation step. 

The results of the work covered in the first progress 
report [1] given at the 1965 meeting of the Canadian 
Gold Metallurgists showed that the rate of extraction of 
gold in an alkaline-cyanide solution was appreciably re-

duced when a xanthate compound was added. Using a 
piece of pure gold leaf in a solution containing 1 pound 

of sodium cyanide per ton of solution at pH 12, the 
rate of dissolution of the gold was reduced by a-  factor 
of four when 0.01 pounds of secondary butyl xanthate 
per ton of solution was added while 0.2 pounds of xan-
thate per ton of solution appeared to stop the gold disso-
lution entirely. With an ore from which 93 per cent ex-
traction of the gold took place in 72 hours by a solution 
containing 1 pound of sodium cyanide per ton of solu-
tion at pH 12, the addition of 0.4 pounds of xanthate per 
ton of solids retarded the gold dissolution rate so that it 
required an extra 24 hours to obtain the sanie extraction 
and as a result it produced a higher reagent consumption. 
The work also showed that the adverse effect of the xan-
thate on the gold dissolution rate could be counteracted 
by increasing the cyanide concentration of the leaching 
solution. With 0.4 pounds of xanthate per ton of solids 
added to a gold ore, the cyanide concentration had to be 
increased by a factor of three to maintain the sanie extrac-
tion rate as when the xanthate was not present. In turn, 
the increased cyanide concentration prodaced a higher 
cyanide consumption. Various procedures such as pre-
aeration of the pulp prior to the cyanide addition or the 
addition of lead salts or hydrogen peroxide to the leach 
failed to reduce the adverse effects of the xanthate. 

In view of these results, it appeared that the best solu-
tion to the problem of xanthate in cyanidation was to 
control the xanthate so that no more was added than the 

amount required for efficient flotation. A program was 
planned to determine if xanthate analysis of the flotation  

water could be used as an indication of the xanthate re-
quired for efficient flotation of a gold ore. 

A review of some of the literature on flotation showed 
that the two most important factors that governed the 
density of adsorption of xanthate onto the solid were the 
xanthate concentration in solution and the conditioning 

time [2]. It is also known that the bigger the alkyl group 
of the collector, the greater the tendency for it to be ad-
sorbed by the mineral f 3]. Because of this difference in 
the tenacity of the collector film on the mineral, there 
was a possibility that one type of xanthate or a different 

collector might be less detrimental to gold dissolution 
than another type. This problem was also investigated 
during the past year. 

Procedure 
The first problem was to find a relatively simple proce-

dure for determining residual xanthate in solution and 
which would be suitable in an operating plant. The meth-

od finally adopted involved the determination of the 
total reducing capacity of the solution and a 
similar determination on another sample of the same 

solution with the xanthate removed. The difference in 
these two determinations was due to the xanthate. (See 
appendix for details). 

Once the method was thoroughly tested, a series of 

tests was done to determine if the residual xanthate con-

centration in solution was related to the amount of xan-

thate originally added to a flotation operation. 
The major metallic mineral in the particular ore used 

was pyrite but there were minor amounts of pyrrhotite, 

chalcopyrite and free grains of gold. The ore contained 

0.9 per cent sulphur, 3 per cent iron, 0.01 per cent cop-

per and 0.19 ounces of gold per ton. 

In order to produce more uniform flotation concen-

trates as feed for the cyanidation tests, the ore after grind-

ing was passed over a blanket to remove the free gold. 

The blanket tailing which was used as the flotation feed 

assayed 0.065 ounces of gold per ton of solids. 

The flotation tests were carried out in a conventional 

laboratory flotation cell using a constant amount of Dow-

froth and Aerofloat 25 but varying the xanthate. Since 

only the leaching rate was of interest, the effect of the 

presence of xanthate was based on the gold remaining in 

the residue after 24 hours of leaching. This value was 

not intended to represent the maximum gold extraction 

possible. 
On completion of the flotation step, the iemaining xan-

thate concentration was determined on a sample of solu-

tion filtered from the flotation pulp. 

The flotation concentrate was reground prior to cy-
anidation. The regrinding time was varied according to 

the weight of the concentrate produced. Cyanidation con-
ditions were chosen which were similar to those used in 

plant practice on this type of concentrate. 

In the previous work [1] it was shown that reliable 
results of the relative effects of various compounds on 

gold extraction could be obtained by their addition to a 

gold ore at the start of cyanidation rather than it being 
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nessary to first float the sulphides and gold before pro-
ceeding with the cyanidation step. Consequently, this wa's 
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 
cent of the gold was removed by the blankets prior to 
flotation and therefore with the added recovery by flota-
tion, this represented a total gold recovery of from 94.2 
to 95.6 per cent. 

After cyanidation of only the flotation concentrates 
for 24 hours, it was found that the gold extraction de-
creased when the xanthate concentration was increased. 
This extraction ranged from 74.2 per cent with 0.05 
pounds of xanthate per ton of solids to 55.6 per cent ex-
traction when 0.25 pounds of xanthate per ton of solids 
was added to the flotation step. The overall extraction 
from the flotation and cyanidation steps decreased from 
61.4 per cent to 48.4 per cent over the range of xan-
thate added. The cyanide consumption in these tests drop-
ped slightly from 2.1 down to 1.8 pounds of sodium cya-
nide per ton of ore. The lime consumption stayed essen-
tially the same at about 1 pound of CaO per ton of ore. 

In the examination of the effects 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 H 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 
Aerofloat 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, Aerofloat 25 and Aerofloat 242 
respectively. 

Discussion 
Some of the other methods for determining xanthate in 
solution that were tried involved ion exchange techniques 
[4], precipitation with copper. procedures [5] and color 
comparison methods [6]. The method using a spectropho-
tometer [7] for measuring the adsorption of light of a 

TABLE II-Effect of Various Collectors on Gold Re-
covery in Cyanidation. 

Fig. 1. (Left) Residual xanthate compared to various amounts added. Fig. 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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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  minerais 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- 

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. 

Conclusions 
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. 

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. 

References 
1. "Proceedings of The Second Annual Meeting of The 

Canadian Gold Metallurgists," Department of Mines 
and Technical Surveys, Ottawa. P. 13 (1965). 

2. J. LEJA and J. H. SCHULMAN, "Flotation Theory," 
Mining Engineering Vol. 6. p. 221 (Feb. 1954). 

3. I. W. WARK, "Principles of Flotation," Australasian In-
stitute of Mining and Metallurgy, P. 101 (1938). 

4. I. N. PLAKS1N and S. A. TETARU, "Extracting Xantho-
genates from Solutions and from The Liquid Phase of 
Flotation Pulps," Soviet Journal of Non Ferrous Met-
als, Vol. 4, No. 6. P. 19 (June 1963). 

5. A. F. HALLETT and F. RYDER, "Determination of Xan-
thate in Impure Solutions," Engineering and Mining 
Journal Press, Vol. 119, No. 17, P. 690. 

6. Ontario Water Resources Commission, private commu-
nication to L. R. Hann of MacLeod Cockshutt Gold 
Mines Ltd. 

7. C. H. BUSHELL and M. MALNARICH, "Reagent Control 
in Flotation," Mining Engineering, Vol. 8. P. 734 (July 
1956). 

8. American Cyanamid Co., "Mineral Dressing Notes No. 
20, P. 4 (April 1954). 

9. T. C. TAYLOR and A. F. KNOLL, "Action of Alkali 
çanthates on Galena," AIME Trans. Vol. 112, P. 382 
(1934). 

APPENDIX 

Determination of xanthate in flotation solutions 
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 ( o a blue-purple end point. 

This is the total reducing power of the solution. 
4) Repeat steps 1 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-

tiôn 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:
2 Na C-S O CQHS S + 2 I, -+ (C=S O CpH, S)Q + 2 Na!

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. 0


