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PART ONE.

The object of the following tests was rather to
determine quanitatively the consumption of Potassium
Cyanide and of Sodium Cyanide when agitated by compressed
air, and when agitated by compressed air in the
presence of iron pyrite and in the presence of irom
filings, than to explain ehemically the causes for this
consumption.

e have attempted to detsermine the amounts of
cyanide consumed by the varions substances, compressed
air,iron pyrite and iron filings, and also to find
out under what conditions the consumption was greatest.
The literaturs, containiégtgﬁformation on Cyaniding,

is exceedingly meagre.



BIBLIOGRAPHY.

The following references constitute practically
the wholes bibliography:
Julian and Smart,
Cyanidation of Concentrates.(Very little is given on
this subject by these authors, and no definite
conclusions are drawn, neither is any reliable data
given).
Julian and Spart.
Solubility of Pyrite and Cast irom in KCN. Both pyrite
and cast iron are slightly soluble in ACK solution,
the degree of solubility increasing with the strength
of ¥CN solution used.

In our teste we did not find this to be the
case. The solutions were tested with E;Fe CHG and

XCNS, but no trace of iron was indicated.



VMETHOD OF PROCEDURE.

e attempted to conduct all of the tests under
as nearly similar conditions as possible. In order
that no outside chemical agents should be present to
affect the results - all of the apparatus used in the
tests was of glass. The tanks were conical in shape
and had a capacity of about ten litres each. In order
to insure a perfect agitation and a thorough aeriation
of the solution various schemes were tried. The one
finally adopted was that of installing a miniature
air pump as shown in the accompanying illustration.
The central glass tube is one half inch in diameter,
and held in position by being passed through a glass
ring which holds it in a'vsrtical.position.Compressed
air is enpplied by a one eigﬁth inch glass tube, which
conducts the air to the bottom of the central tube.
The agitating apparatus is really a small Brown or
Pachuca tank. This method furnishes gocd agitation
and asriation. In order that the amount of air supplied
to each tank should be the same. a T joint was inserted

in the hose carrring the air, and the tanks connected



to this T joint and the air was admitted under the
same head of water. The air supply in the hose was
controlled by a needle valve which enabled us to
easily regulate the air supply.

All of the tests were run at a constant
temperature. Zach test was run for fen hours.

The cyanide salts used were; chemically pure
potassium cyanide and chemically pure sodium cyanide.

During the course of the tests, samples were
taken at the end of each hour, by means of a graduated
pipette. Each of the samples from all of the tests
was titrated against the same solution of silver nitrate
which contained 6.538 grams of chemically pure silver
nitrate per litre. (ne c.c. of the silver nitrate
solution equals 0.00500 grams KCK and 0.0C377 grams
NaCN according to the reactions:

Agﬂ03+2KGN-KAgCH2+KK03
AgN03+2NaCN=NaAgCN2+NaN03

But as all of the samples were titrated against the
same solutions the results are comparative anyway,
80 the above precantions are somewhat unnecessary.

Adsorption looses by filter paper in filtering, were



undetectable, experiments with solutions of XCN and
NaCN of known strength, after passing one,two and
three filters, showing no discernable loss.

| Gvaporation losses were corrected for by adding
distilled water before taking the hourly sample; the
amount to be added being shown by a scale pasted on
the outside of the glass, the height of the solution
being marked at the beginning of each hour and the

tank filled to this mark before taking the samples-
aT the eng of the hour,
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TEZST NUMBZER ONE.

This test was run to determine the losses of
potassium cyanide and sodium cyanide, when agitated
by compressed air. No solids were present. In one
tank was placed five thousand c.c. of potassiunm
cvanide solution, which contained 22.75 grams X
or 0.455%, and intc the other, five thousand c.c.
of sodium cyanide, which contained 22.05 grams of
NaCN or 0.441%. The amounts of XCN and NaCN were
determined by analysis of the solutions, and not by
considering the cyanide salts used pure KCN and pure
NaClN. Agitation was started at 1:10 P.il. and continued
for ten hours. FifT Y 3 c.ce éamples wers removed
at the end of each hour and titrated to determine
the loss of cyanide.

The full results of this test are contained in
tables 1 and 2. From these tables and the curves, it
will be seen that the greatest loss took place during
the first hour of the test. llso that the percentags
consumption of XCN was nearly twice that of the NaCN.
Although a variation of the losses during the last nine

hours is shown, they are not emough to materially



affect the value of the experiments and can probalby
best be accounted for by the variable evaporation
losses, for which we corrected by adding distilled
water and then agitating for a minute to insure a
geod mixture.

The average loss per hour of KCN during the
last nine hours is 0.191 grams. The loss during
the ninth hour at a variance with the general trend
of losses.

In conclusion; the results show that the maximum
loss occurs during the first hour, and that from then
on the hourly loss diminishes. From this test it
would seem that losses due to agitation by compressed

air, are greater for XCN than for NaCN.
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TEST NUMBZR TWO.

In this test, the conditions as to the amount
of air supplied, temperaturs, and strength of solutions,
were practically the same as for test number one.

Five thousand c.c. of solution, assaying 0.500%
KCN were placed in one tank, and five thousand c.c.
of solution, assaying 0.509% NaCN, in the other.
Agitation was started and then 500 grams of clean
iron filings, that had been passed through an 80 mesh,
were added to sach tank. Fifty c.c. samples were
taken at the end of each hour and assayed. The results
of these teats are given in tables 3,4,9and 10, and
in the accompanying curves. The greatest loss of
cyanide occurred during the first hour, and from then
on diminishes.

No soluble iron was found to be present. Tests
for acidity were made but no acid was found. The
total losses far these tests were not much greater
than in test number 1. In this test, as in the
preceding one, the loss of XCN exceseded the loss of
NaCN. The net losses by iron filings are shown in
tables 9 and 10.



The losses by aeriation in test 1, are subtracted
from the losses in test 2. The presence of 500 gréms
of filings, caused a total loss in ten hours, of
1.098 grams or 4.4%, 05225%31 potassium cyanide, -
and of 1.754 grams or 6.8%, of the total sodium
cyanids.

The loss of sodium cyanide, although leass both
in the presence and absence of iron filings, than the
loss of potassium cyanide, is greater due to the action

of iron filings alone.
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TEST NUMBZR THREE.

The conditions as to amount of air supplied,
temperature and strength of solutions, were practically
the same for this test as for the preceding ones. Five
thousand c.c. of solution, assaying 0.485% potassium
cyanide, and five thousand c.c. of solution, assaying
0.462% sodium cyanide, were used. Samples were taken
as before.

Agitation was started, and to each tank was
added 1500 grams of iron pyrite, which had been passed
through a 100 mesh screen. The purite was unsized but
alftﬁﬁ?ough 100 mesh, and contained sbout one half of
one percent metallic iron, derived from the mill used
in grinding. Some f{rouble was encountered in filtering,
as the finely divided pyrite persisted in coming thru
the filters, although "White Ribbon" filters were
used. The cloudiness of the filtrate was removed by
diluting the sample to be tittated, to one hundred
and fifty c.c. befors titration, thus allowing the
end point to be sasily detected.

The results of this test are given in fables
5,6,9,10 and in the accompanying curves.

Teats for acidity were made, and showed no free

=10~



cid at any time during the test, or at its conclusion.
The consumption of potassium cvanide was greater
than for the sodium cyanide, as in the previous

tasts.

11~
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TEST NUMBER FOUR.

In this test, the conditions as to amount of
air supplied, temperature, and strength of solutions
wére practically the same as in the previous tests.
Five thousand c.c. of solution, assaying 0.468 }
potassium cyanide, was placed in one tank,'and five
thousand c¢.c. of solution, assaying 0.435% sodium
cyanide in the other. igitation was started and then
one thousand grams of iron pyrite added, from which
the iron filings, derived in grinding, had been removed
by means of a strong magnet. The pyrite was unsized,
but all passed alone-hundred-mesh screen.

The greatest loss occurred during the first
hour. The potassium cyanide again suffered the greater
loss.In the potassium cvanide solution the fotal loss
due to pyrite when using fifteen hundred grams of
pyriteyunder our conditions, is 12.724 grams of KCN, ccelasT colomn
which is nearly a gram more than two-thirds of 17.802., ot Taple 9.
The loss is then somewhat proportional {o the amount
of pyrite used.

In conclusion:Agitation by compressed air,

results in a consamption of cyanide, the loss being



greatest during the first hour, and then gradually
(hourly) diminishing to a nearly constant loss.
Potassium cyanide suffers a greater loss than does
sodium cyanide. Losses due to the presence of finely
divided particles of metallic iron, are very small,
and practically negligable. Losses due tc the presence
of iron pyrite, are large, the greatest loss occurring
in the first hour.

More experiments along this line are greatly
needed, but lack of time has prevented our taking

them up.

-13-
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The following tests were made to study the rate
of percolation of water, under certain conditions,
through pure guartz.The information sought is of
importance in the cyanide process. By "rate of percolation”
we mean the distance trg::ﬁ%:@o%% a unit time, by water
through a bed of quartz, In all of our experiments no
suction was used.

The data obtained is given in the accompanying
tables. The curves are plotted from these tables. All
time was taken with a stop watch. The glass tubing
was three inches inside diameter, and in seven feet
lengths. A11 the quartz was carefully sized and quite
free from dust. In order to better follow the liquid
through the quartz, the water was colored with potassium
permanganate or with ordinary washing bluing. Neither
coloring agent was at all satisfactory, as the solution
lost its color rapidly, in passing through the column
of quartz. The quartz particles seemed to extract the
coloring salt from the ligquid. In the case of the

permanganate, the first coloring agent used,we decided
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that the loss of color was duse to ferrous iron
dissolved from the quartz, but when the bluing solution
also lost its color, we decided that probably adsorption
played an important part.

Drainage was never complete, the last six inches
of ore never draining dry. The head was kept constant
at six inches above the top of the ore until the
wat er came through the screen at the hottom, when
this head was allowed to subside. The time of drainage
includes time of subsidence of the head. The water
came down very evenly, the center travelling equally
as fast as the outside, as was ascertained by glass
tubes at the bottom.

It will be noticed that the percolation through
the dry quartz was uniformly faster than through the
wet quartz, and that the percolation uniformly became
slower with the number of times the test was run on
the wet quartz. 411 of the tests numbered 2 on the
wet quartz, show a slower rate than the first test,
and all tests numbered three, show a slower rate than
those numbered 2. A curve of the average of the three

wet tests was plotted, but we believe that the resulis



of number three are more valuable, as they would more
- nearly represent the comditions in actual practice,
where the ore had been crushed wet.
It was noticed that, in the tests on the wet
ore, air was forced out of the bottom under considerable

pressure, as the water percolated downward.
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BIBLIOGRAPHY.

The following references constitute practically
the whole bibliography:
Julian and Smart.
Percolation is affected by;
1l.Volume and uniformity of interstices.
The greater tn§f§l£22§Eage of interstices and
the more uniform the interstices, the faster
the percolation.
2.Depth of ore.
The shorter the columm, the faster will be the averaqe rwf<of
percolation.
3.Pressure.
An increase in head gives an increase in the
rate of percolation, but this increase in rate
of percolation is small in comparison to the
increase in head required to produce it.
4.Temperature.
The rate of percolation increases with the
temperature of the solution.

5. Direction.
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Upward percolation is faster than downward

percolation. This applies especially for a

short column of ore.

No definite reasons were given for these
conclusions“:?eing largely taken from data obtained

from experiments.
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CONCLUSIONS.

The conclusions we arrived at from the study
of percolation, under the various conditions stated,
are as follows.

The rate of percolation of water through quartz
is dependent upon the space in the quartz column
that is ocoupied by air, therefore the rate of per-
colation is dependent upon the fineness of grinding,
for the percentage of interstices decreases with the
fineness of grinding. In the tests on coarse grinding,
or coarser sizes of quartz, the time of subsidence
of the six inch head of water, was nearly the same
for the time of passage of the solution through: a
foot of quartz, showing the space occupisd by air
to be approximately equal to the space occupied by
quartz. In the tests on finer sizes of quartz the
time of subsidence of the six inch head increased
with the fineness of the guartz pattidles, showing
that the percentage of the interstices decreased with
the fineness of the quartz particles. By refering to
the tabulated data, the percentage of interstices for

any test can be obtained by dividing the average time
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of percolation, of the sclutiom through a foot of
quartz by twice the time required for the subsidence
of the six ineh head.

It is our epinion that a considerable percentage
of the losg of KCN in cyanidation of siliceous ores,
is due to adsorption. Potassium permangsnate golution
and washing biluing solution ledse thoir color, due to
adsorption, in passing through pure quartz, so it
seems ressonable to believe that CN solution, would
loose a part, at least, of its solid material in
passing through a similar column of quartz. Te bslieve
that a series of experiments along this line would
account for & large part of the losses of XCH, in
cyanidation by percolation.
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