il

sB 27k 589































INTRODUCTION

What is commonly known as the Cyanide Process has for
its object the commercially profitable recovery of gold and
silver from their ores, and this is accomplished by the solvent
action of an alkaline cyanide solution on the precious metals.

The first step in the process is to mill or grind the ore to a
fine state of subdivision so as to expose each particle of precious
metal to the action of the solvent. The degree of comminution
necessary varies for each kind of ore and can only be determined
by careful experiment, but it may range from a product whose
largest particles will just pass through a No. 30 sieve (aperture
about 0.016 in.) to one in which the whole material will pass a
No. 200 sieve (aperture about 0.0025 in.).

Whatever form of crushmg and grinding machinery be em-
ployed, the resulting pulp is composed of a great variety of
sizes of ore particles, ranging from the maximum screen size
decided upon down to grains whose angular outline can only be
seen through a microscope. Mingled with these fine particles
of rock there is always more or less impalpably fine and structure-
less matter of a clayey type, known as colloidal material. Such
3 variety in the constitution of the pulp produced by the mill
renders it impracticable to use a single mechanical method in
the application of the cyanide solution to the ore, so the pulp is
classified into two products, (a) ‘““sand,” or that part which is
sufficiently coarse to allow a solution to percolate through it by
gravity, and (b) ‘‘slime,” or that part, consisting of the finer
siliceous particles and the colloidal matter, which is only per-
colable, even in thin cakes, by the use of some form of pressure.

“ All-sliming’ consists in reducing the whole of the ore to
such a fine state of subdivision that it is practicable to treat
it by the mechanical methods used for treating slime.
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MANUAL OF CYANIDATION

CHAPTER 1
NOTES ON THE CHEMISTRY OF THE PROCESS

The usual reaction given for the dissolution of gold and metallic
silver in cyanide solution is known as Elsner’s equation.

2Au + 4KCN + O + H:0 = 2KAu(CN). + 2KOH

Silver sulphide, the form in which silver most commonly
occurs in its ores, involves a different set of reactions, which are
usually expressed thus:

First stage, AgsS + 4KCN = 2KAg(CN), + K.S
This, being a reversible reaction, cannot proceed far before
reaching equilibrium, unless the product K,S is removed out of
the sphere of action. The potassium sulphide, however, happens
to be very sensitive to oxidation so that a change rapidly takes
place, probably in two directions,

(1) K:S 4+ KCN + O + H,0 = KCNS + 2KOH

(2) 2K.S + 20; + H:0 = K:3,0;: + 2KOH

This thiosulphate would tend later to oxidize to sulphate,
K,8:0; + 2KOH + 20; = 2K,S0, +H,0

and perhaps also more sulphocyanate would be formed,

thus, . Ki8:0; + KCN = K,80; + KCNS.

The action of cyanide on the haloid compounds of silver, e.g.,
horn silver, differs from those already given in that oxygen does
not appear as an indispensable auxiliary:

AgCl + 2KCN = KAg(CN): + KCl
1
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Reactwrt ‘of C‘yb.m?l-e‘ ‘with Silver Sulphide.—In connection
with the reactions usually assumed to explain the action of
cyanide on silver sulphide it is interesting to note that a solution
of the double cyanide of potassium and silver in presence of an
excess of potassium eyanide will tolerate the presence of an ap-
preciable amount of soluble sulphide without precipitation of the
silver. The reaction expressed by the equation

AgsS + 4KCN = K8 + 2KAg(CN),

is reversible, and its direction depends on the relative proportions
of free cyanide and soluble sulphide, and the degree of their
concentration. J. W. Sharwood in a letter to the Mining and
Scientific Press (Sept. 20th, 1908) says

““The reaction has been more recently studied by Berthelot who found
" that in dilute (ﬁ)) solutions nearly 100 molecules of KCN were required

to balance one molecule of K,S in order to retain silver in solution,
instead of four molecules as the equation seems to indicate. To be
exact, the equation given by Berthelot as representing the conditions of
equilibrium is

96KCN + Ag.S = 2KAg(CN); + 92KCN + K.S

Now this proportion (96 mol. KCN to 1 mol. Ag,S) means that 96 X
65 parts of KCN are required to dissolve and hold in solution 2 X 108
parts of silver in the form of sulphide, or 28.9 to 1, if none of the sulphide
is oxidized.”

The above proportions, however, would appear to be different
for different concentrations of eyanide because Sharwood states
in another place that
“if we dissolve a fairly large amount of Ag,S in strong solution of KCN
and dilute it shortly afterward more or less of the Ag,S will be reprecipi-
tated proving that some of the sulphide radicle remained in the solu-
tion;”
and showing also that the degree of concentration of the cyanide
as well as its amount materially affects its capacity of holding
silver in solution against the opposing force of Na,S. Of course
if the Na,S is removed out of the sphere of action either by oxida-
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tion or precipitation as an insoluble sulphide the equilibrium is
disturbed and silver sulphide continues to dissolve.

In the Mining and Scientific Press of September 26th, 1914,
- Harai R. Layng advances an interesting theory that silver in the
form of the sulphide goes into solution as a sulphocyanate dis-
solved in cyanide solution, with the formula AgCNS.KCN.
While many .might not be prepared to accept without reservation
his statement, rather positively made, that silver ‘“usually enters
the solutions in this form”’ yet the possibility is worth consider-
ing, and may throw light on some of the obscure phenomena of
the process. He does not give any equation to illustrate the re-
action, but the following is suggested by the present writer.

AgsS +4KCN+ O+ H,0 = AgCNS.KCN + KAg(CN).+ 2KOH

The Function of Oxygen.—Oxygen appears to be an indis-
pensable factor, either directly or indirectly, in the dissolution
of gold and silver by cyanide solutions, except in the case of the
haloid compounds of silver. Whether the action of oxygen in the
dissolution of gold be a direct one, as illustrated by the Elsner
equation, or an indirect one, in the sense of acting merely -the
part of a depolarizing agent, as maintained by Julian and Smart,!
will not affect the general statement that it is a necessary adjunct
for the dissolution of the precious metal.

The most generally useful agent for this purpose is atmospheric
oxygen, and in many instances sufficient oxygen is absorbed by
the solutions in their circulation through the plant to accomplish
all that is necessary. Ores that contain reducing constituents
may need more oxygen than is obtained in this way, and the
additional amount is most easily supplied in the case of percola-
tion by draining dry between washes, and by the use of air lifts
or centrifugal pumps, in agitation.

The addition of chemical oxidizing agents, such as potassium
ferricyanide, permanganate, sodium peroxide, and ozone, has
not been attended with much success, both on account of their
cost, and also because of their tendeney to oxidize the cyanide to

! Cyaniding Gold and Silver Ores, page 71 (Second Edition).
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cyanate.(KCNOQ), which is useless for the purposes of the process.
They have sometimes been found useful, however, for oxidizing
a highly reducing pulp before adding cyanide, as in the case of
slime which has stood in dams for long periods, undergoing
partial oxidation with formation of ferrous compounds.

The only reagent of the oxidizing class that has attained to any
importance commercially is bromoeyanogen, BrCN, and that
only in the raw treatment of telluride and mispickel gold ores.

Julian and Smart! consider that the activity of this compound
is not due to the liberation of cyanogen, though that probably
occurs, but to a liberation of oxygen, in the sense of the equation.

2BrCN + KCN + 4KOH = 2KBr + 2KCN +
KCNO 4 2H,0 4+ O

Reducing Agents.—Oxygen being necessary in almost every
instance for the dissolution of gold and silver by cyanide, it
follows that any substance that has the property of denuding the
solution of its dissolved oxygen will retard or completely stop
the action of the cyanide. It is a common practice to test work-
ing solutions for their “reducing power” by acidifying and
titrating with standard permanganate. Such a test, however,
1s misleading in its bearing on the dissolving efficiency of a solu-
tion, because it includes the reducing effect of such substances
as ferrocyanides and sulphocyanates which have not the power
of absorbing oxygen from solutions and therefore do not retard
the dissolving effect of the cyanide on account of their reducing
character, in fact, they are not reducers when considered from
that standpoint. If, then, an estimate of the detrimental reduc-
ers present be desired the ferroeyanides and sulphocyanates
should be determined separately and their equivalent in terms
of standard permanganate deducted from the ‘“total reducing
power,” as already found.

1ec % permanganate = 0.001619 grm. KCNS

1lce —IN—O permanganate = 0.036831 grm. K Fe (CN)s
1 Cyaniding Gold and Silver Ores, page 81 (Second Edition).
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Among harmful reducing agents may be mentioned organic
matter, sulphuretted hydrogen, sulphurous acid, ferrous sulphide
(all of which may be present in old accumulated slime dams),
* ferrous sulphate (which in alkaline solutions becomes ferrous
hydroxide), soluble sulphides (rarely found in normal working
solutions), and thiosulphates.

Effect of Temperature.—The rate of dissolution of metals in
cyanide solution increases with rise of temperature. Julian and
Smart* state that in a special series of experiments made to
elucidate this point the solubility of gold increased to a maximum
at 85 deg. Cent. (185 deg. F.) and then slightly decreased to
the boiling point. This principle has in some instances been
applied in practice, especially in the treatment of silver ores,
notably in the Tonopah, Nevada, district. In most cases, how-
ever, the increased consumption of eyanide due to heating the
solutions in the presence of ore more than offsets the inereased
extraction. From 38 deg. C. (100 deg. F.) upward the decom-
position of cyanide is usually very marked, but in cold climates it
is often found advantageous to maintain the temperature of the
working solutions at between 15.5 and 21 deg. C. (60 to 70 deg.
F.) by artificial heating.

Dissolving Effect of Zinc-potassium Cyanide.—Many writers,
including Feldtmann, and Julian and Smart, maintain that gold
will dissolve in pure K.Zn(CN), in the absence of free cyanide.
If this be true of gold it would probably apply also to metallic
silver, but silver compounds such as argentite do not appear to
be acted on in this way. A series of experiments carried out by
the writer with pure silver sulphide precipitated dried and pul-
verized in the laboratory showed that zinc-potassium cyanide
solution equivalent to 0.3% KCN had almost no dissolving effect
upon it during a 24 hour agitation in a bottle open to the air,
while in solutions of the double cyanide to which varied amounts
of free cyanide were added the dissolution of silver was in every
case closely proportional to the quantity of free cyanide present,
and corresponded with the weights of silver dissolved by solutions

1 Cyaniding Gold and Silver Ores, page 92 (Second Edition).
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containing similar strengths of free cyanide, but \with the double
cyanide absent.

Cyanide Regeneration.—Arising out of the subject of the
dissolving effect of the double cyanide is the question whether
any part of this combined cyanide becomes available for dissolu-
tion purposes in the course of its circulation through the plant.
Although the fact is doubted by some writers the indications
certainly point to such a regeneration of free cyanide. This
may take place from two causes, first, a precipitation of zinc by
soluble sulphides formed during contact of the solution with the
- ore, K;S 4+ K:Zn(CN), = ZnS + 4KCN, and second, a reaction
of the free alkali on the double cyanide with the formation
of an alkaline zincate and free cyanide, K.Zn(CN), + 4KOH
= K:ZnO: + 4KCN + 2H.0. This reaction is no doubt
reversible so that the dissociated cyanide would tend to
re-combine with zinec if any change occurred in the solution
to disturb the equilibrium. Where the alkali employed is
lime instead of caustic soda or potash there may be a formation
of insoluble calcium zincate which renders the reaction non-
reversible. In the operation of cyanide plants many metallur-
gists have observed that a saving in cyanide is effected by raising
the lime content from a merely ‘‘protective’” amount up to 0.1
% or 0.13%, CaO. When the solution from the barren sump is
thrown back to the mill and comes in contact with ore and fresh
lime the free cyanide indicated by titration will often be found
to rise in strength 40 or 509, and its extractive efficiency will
be increased in proportion to the increase of free cyanide as shown
by the free cyanide determination (method No. 2, page 22). In
a laboratory experiment made by the writer a solution of zine-
potassium cyanide was made up showing no free cyanide when
tested by method No. 2, and having practically no dissolving
effect on prepared Ag,S. An excess of lime was added to a por-
tion of the solution, and after a few hours’ agitation it was filtered
clear. A titration now indicated that about half of the combined
cyanide originally present had been decomposed, and was recorded
as free cyanide. This solution, when tested on prepared silver sul-
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phide, had a dissolving efficiency equal to a freshly prepared
cyanide solution of the same titration strength.

Crosse’s Process.—Some years ago a process of cyanide re-

“generation was patented by Andrew F. Crosse based on the prin-
ciple of precipitating the zine as sulphide by addition of sodium
sulphide to the solution, K;Zn(CN), + Na,S = ZnS 4 2KCN +
2NaCN. For this purpose the solution was to be heated to about
65 degrees C. (149 deg. F.), and the reagent added until a
faint permanent trace of soluble sulphide was indicated in the
solution on addition of a few drops of lead acetate. This, how-
ever, did not complete the process, because a difficulty arose due
to the almost invariable presence in the stock solution of sodium
zincate, Na,ZnO;: this zincate was acted upon by the sodium
sulphide to form caustic soda; Na:ZnO; + Na,S 4+ 2H,0 =
ZnS 4 4NaOH. . The caustic soda, gradually building up in
the stock solutions, attacked the zine in the precipitation boxes,
involving an additional zinc consumption and also causing such
an evolution of hydrogen as to carry precipitate out of the boxes
and send up the assay of the tails to a prohibitive extent. Crosse
proposed to meet this condition as follows: when the caustic
soda had accumulated to a dangerous extent in the stock solu-
tions the use of Na,S was to be temporarily suspended and the
reaction was to be effected by charging the tankful of solution
with hydrogen sulphide generated from the zine sulphide already
filtered out and accumulated during the first stage of the process,
causing the reaction, H,S 4+ 2NaOH = Na,S + 2H,0. This
part of the procedure, however, has so far proved impracticable
on a working scale, and the process as a whole has not found any
useful application.

It seems likely that the first stage of Crosse’s process might
attain practical importance when aluminium is used as the pre-
cipitant, in the case of certain ores in the cyaniding of which
zine is detrimental to extraction of the silver, and yet which’
contain some zine soluble in the cyanide solutions.

Several other methods of regenerating cyanide solutions have
been proposed, chiefly based on the principle of precipitating

! Journal Chem. Metall. and Min. Soc. of S. A., Mar., 1903.
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the base metal contents with acids, but none of them has at-
tained to any commercial importance.

Fouling of Solutions.—This expression is mdeﬁmte and is
usually used to convey the idea of gradual deterioration in the
dissolving power of a mill solution during repeated contact with
the ore, due to a progressive accumulation in the solution of
deleterious substances contained in the pulp. One class of such
substances, already alluded to, consists of reducing agents, or-
ganic or otherwise, that have the property of denuding the solu-
tions of their dissolved oxygen, and the remedy is obviously
oxidation in some form. In regard to the accumulation of base
metals, there is a tendency for the activity of the solution to be
retarded by the presence of any unnecessary substance, due to an
increase in viscosity and the consequent resistance to the migra-
tion of the ions. It seems doubtful, however, whether there is
any ulterior and more serious harm done by the presence of
these metals. Copper is often said to diminish the dissolving
activity of a cyanide solution to a very serious extent, but the
writer has not seen conclusive evidence of this in solutions assay-
ing up to 2 or 3 lb. of copper per ton. Julian and Smart! state
that “the solubility of silver is usually small when copper is
present, whereas the solubility of gold is not generally affected
to any thing like the same extent.” The zinc derived from
precipitation seems not to affect extraction to any appreciable
extent in the majority of instances, but there are cases especially
when treating ores containing antimony and arsenic, where the
presence of zinc lowers the extraction of the silver as much as
109 and in a less degree that of the gold. When zine is found
to have this effect, lead in solution will often act similarly, and
the addition of lead salts may have to be avoided. The writer has,
however, recently come across several instances where the presence
of zinc from zinc precipitation was distinctly detrimental to silver
extraction though the addition of litharge was beneficial.

Strength of the Solutionin Cyanide.—When the cyanide process
was first introduced a great point was made of the selective action

1 Cyaniding Gold and Silver Ores, page 113 (Second Edition).
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of weak solutions, it being asserted that a weak solution had a
tendency to select the gold and silver for attack in preference to
the base metals. Julian and Smart’s experiments,! on the con-
trary, went to show that the ratio of gold to pyrite dissolved in a
weak solution did not differ from the ratio of that in a strong
solution. However that may be, it is a fact well known in
practice that the use of a solution stronger than is necessary
involves an increased chemical loss of cyanide without any corre-
sponding gain in extraction of the precious metals. The mechan-
ical loss in residues will obviously be greater with strong solutions
than with weak, so that from every point of view it is important
not to use a stronger solution than is necessary to obtain the
maximum extraction that will be commercially profitable. The
most suitable strength for any given ore can only be found by
experiment, but, in general, silver ores require much stronger
solutions than gold ores. In the treatment of slime the most
usual cyanide strength for all-gold ores ranges from 0.0059,; to
0.059%,, while for silver and silver-gold ores it maybe 0.19% to 0.15
%, in terms of KCN, and in Pachuca strengths up to 0.49; KCN
are frequently used. In the leaching of sand it is usual to employ
a much stronger solution than in the agitation of slime, the idea
being to obtain dissolution with a small volume of strong liquor
in a short period of time so as to allow as long a time as possible
for the subsequent washing out of the dissolved metals. For
sand leaching, whether of gold or silver ores, the strength of
cyanide commonly ranges from 0.29, to 0.39, KCN.

Sources of Cyanide Loss. (1) The Precious Metals.— The
amount of cyanide that combines with the gold in an average ore
is negligible, but with silver it is different owing to the much
larger quantity of metal that has to be dealt with to produce
commercial results. If the final result be summarized by the
equation, Ag,S + 5KCN + O + H,0 = 2KAg(CN), + KCNS
-+ 2KOH it appears that 4 molecules of cyanide are appropriated
by 2 atoms of silver, while a fifth molecule goes to form sulpho-
cyanate, a substance which will be alluded to later. Leaving

1Julian & Smart, p. 86 (2d ed.).
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the latter out of account for the present, the quantity of cyanide
tied up in combination with silver amounts to about 0.08 Ib.
KCN or 0.061b. NaCN per troy oz., and 1.2 grm. KCN or 0.9 grm.
NaCN per gram of silver, so that the apparent loss of cyanide -
from this cause may be considerable.

2. Loss tn Zinc Precipitation.—In precipitating the silver from
the silver-potassium-cyanide combination by means of zinc, not
only is the combined cyanide not liberated, but there is a further
consumption involved. The reaction in the zinc boxes is rather
obscure, but tests for free cyanide made on entering and leaving
almost invariably show a marked loss of strength, amounting
sometimes to as much as 0.039, or 0.6 lb. per ton of solution. A
part of this combined cyanide is rendered available later on when
the solution comes in contact with fresh ore and lime in the mill,
but part of it, varying in amount according to circumstances,
may be classed as a permanent loss.

For reactions in zinc precipitation see Chapter X.

3. Mechanical Losses.—Omitting losses of solution by leakage
and runovers, there is always a loss of cyanide in the residue,
both in the percolation and agitation processes, because it is not
possible to give sufficient water wash at the finish to displace all
the solution. The amount of such mechanical loss varies within
wide limits and will depend upon the strength of the treatment
solution, the degree of moisture discharged in the residues, and
the method used for the final de-watering of the slime. For
instance, in the case of slime a filter provides a nearer approach
to displacement of the solution by water than dilution of the
pulp followed by settlement and decantation, and therefore
employs the water wash to better advantage.

The loss of eyanide in sand residue is usually inconsiderable,
but in the treatment of slime it may often be from 14 to 14 1b. per
ton of ore, and has even been known to run as high as 114 1b.

4. Decomposition Loss.—In the absence of protective alkali,
acids present in the ore decompose the cyanide with formation of
hydrocyanic acid. Heating of solutions tends to the formation
of formates, HCO.R and possibly acetates, CH;CO.R. Oxida-
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tion by atmospheric air forms cyanate, KCNO, but Clennell
states! that this reaction is slow in the case of solutions and that
air or oxygen may be injected into a cyanide solution for a long
time without any appreciable oxidation of cyanide taking place.
On the other hand the writer in making some comparative tests
between mechanical and Pachuca agitation found that the air
agitation increased the consumption of cyanide by 14 to 1 1b.
per ton of ore when working with solutions of 0.29, KCN. This,
however, may have been due rather to the oxidizing action of
the air on the finely divided particles of an ore rather sensitive
to oxidation. When insufficient free alkali is present carbonic
acid gas (CO;) reacts with the cyanide thus:

KCN + CO; + H,0 = HCN + KHCO;

The bicarbonates, KHCOj; are no protection against CO; and it is
for this reason that in the titration for protective alkali phenol-
phthalein is preferred to methyl orange since the bicarbonates
are alkaline to the latter but acid to phenolphthalein.

There is also, especially in weak solution, a tendency to a
decomposition known as hydrolysis:

KCN + H,0 = KOH + HCN

This is, however, a reversible reaction and in the presence of a
sufficient excess of caustic alkali the tendency is minimized to a
large extent.

Recently some interesting experiments have been made on the
Rand by H. M. Leslie,?2 and the loss of cyanide in the form of
HCN demonstrated by covering the tops of the tanks, drawing the
gas off by suction, and passing it into a solution of caustic soda,
thus recovering a large proportion of the cyanide lost in treat-
ment. It is to be noted, however, that in these instances the
protective alkalinity was low, that is, in the neighborhood of
0.019, CaO whereas when tried at a mill where the alkalinity was
higher, that is, 0.0259, CaO Mr. Leslie was able to detect only

1 The Cyanide Handbook, page 109 (Second Edition).
2 Journal Chem. Met. and Min. Soc. of S. A., Vol. 16, page 36.
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traces of HCN gas being given off. H. A. White in criticizing the
above mentioned article is inclined to attribute the loss of HCN
rather to the action of the carbonic acid in the atmosphere and
sees further losses by hydrolytic decompositions resulting in the
formation of ammonium compounds such as ammonium formate
and carbonate. Mr. White in an estimate of the sources of
cyanide loss on the Rand, where the total consumption is about
0.4 Ib KCN per ton of ore gives the following tabulation

Loss by dilution (Z.e., mechanical loss in residue).... 30 per cent.

Loasibyeyanicides: =t r o A er SRR 25 per cent.
& Lossas (H CN gas e ais i . e i s 25 per cent.
Loss as NH; gas and N compounds................ 20 per cent.

5. Losses Due to Base Metals.—All base metals in the ore that
are soluble in cyanide solution of course involve consumption of
cyanide, but the most common instance is probably copper.
For the dissolution of metallic copper Julian and Smart! give the
following equation: 2Cu 4+ 4KCN + 2H,0 = K,Cu;(CN), +.
2KOH + H,, showing two parts by weight of cyanide consumed
by one part of copper.

Clennell, however, gives an equation in which oxygen has a

part and free H is not evolved,?
Cu, + 8KCN + H,O0 + O = 6KCN. Cuy(CN), + 2KOH,
with a consumption of four parts of cyanide to one of copper.
For copper carbonate the same writer gives, 2CuCO; + 7KCN 4-
2KOH = Cuy(CN)..4KCN + KCNO 4 2K,CO; + H,0,
showing a consumption of three and a half parts of cyanide to
one of copper.® The sulphides of copper are less readily acted
on but these also will gradually go into solution, with the forma-
tion, probably, of cupric thiocyanate.

6. Loss in the Form of Ferrocyanide—Finely divided metallic
iron, such as may result from crushing and grinding operations,
is slowly acted on by cyanide, as expressed in the equation

Fe 4+ 6KCN + 2H,0 = K Fe(CN)s + 2KOH + H..

1 Cyaniding Gold and Silver Ores, page 112 (Second Edition).
2 The Cyanide Handbook, page 80 (Second Edition).
3 Ibid., page 112.
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Pyrite and marcasite also dissolve to some extent, with formation
of ferrocyanide. Ferrous hydroxide is acted on rapidly,

Fe(OH); + 2KCN = Fe(CN). + 2KOH, and Fe(CN)., + 4KCN
= K Fe(CN)s.

Insoluble basic ferric sulphate, 2Fes(SO.);.Fe:0;, commonly
present in partly oxidized pyrite, is another source of formation
of ferrocyanide. When ferrocyanides are found in any consider-
able amount in the solution after treatment of an ore it is often
possible to effect a large saving in cyanide by attacking the
trouble at its source. In ordinary milling practice metallic iron
is not an important consumer of cyanide, as witnessed by the
fact that in many mills only traces of ferrocyanide may be found
in the cyanide solution, but should any considerable loss of
cyanide be suspected from this cause, the remedy would lie
in reducing as much as possible the iron surfaces used for grind-
ing, more particularly by the use of flint pebbles in place of iron
balls for regrinding and silex or El Oro liners instead of iron or
steel. The effect of iron may often be seen to a very marked
degree in experimental work. When grinding samples to a
slime or to pass a fine mesh sieve on a small scale, the ore is often
put into a small tube mill and ground until the whole of it will
pass the desired mesh screen with the result that the sample is
seriously overground, not only resulting in a product much finer,
on the whole, than that aimed at, but containing an amount of
infinitesimally fine iron far in excess of that which would be
obtained in practice. If such a sample is weighed up wet and at
once transferred to cyanide treatment, the cyanide consumption
due to formation of ferrocyanide may run into several pounds
per ton of ore. Precautions to minimize the formation of ferro-
cyanide from other sources are dealt with under the heading of
““ Cyaniding of Concentrate.” (Chap. IX.)

7. Loss in the Form of Sulphocyanate—In the treatment of
silver ores this compound is almost invariably present, as seen
from the equations,

Ag,S + 4KCN = 2KAg(CN), + K.S
K.S + KCN + O + H;0 = KCNS + 2KOH
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where, although five molecules of KCN are present, only four
are used to combine with the silver, the fifth being consumed by
combination with sulphur. It might be thought that this fifth
molecule of cyanide could be kept out of combination by the
addition of a lead salt, and consequent removal of the sulphur
as lead sulphide, but Caldecott* has found that PbS is acted on
by cyanide with formation of KCNS, which probably accounts
for the fact that the amount of KCNS usually present in a work-
ing solution does not seem to vary greatly whether lead be in use
or not. Thus, when a lead compound is not used, one-fifth of
the cyanide consumed usefully in dissolving silver sulphide is
lost in this form. When lead is added during treatment there is a
tendency for this loss to be less than one-fifth. Sulphocyanate
is also formed by decomposition products of the base sulphides
in the ore.

The Use of Lead Salts.—In the treatment of silver ores
the addition of a lead compound is often a material aid to ex-
traction. This is commonly explained by the reaction K,S +-
PbO 4+ H.O = PbS 4+ 2KOH but since K,S is rarely or never
found in working solutions Clennell? suggests that the lead is
rather to be copsidered as an aid in the attack on the silver,
Ag,S + PbO 4+ 4KCN = 2KAg (CN): + PbS 4+ K,0. Results
obtained by various metallurgists in actual practice go to show
that the efficacy of any specific lead compound is usually propor-
tional to the lead content, and that therefore litharge is more
efficient than lead acetate, weight for weight.

In regard to the amount of the lead compound used a ecritical
point is usually found where the benefit is at a maximum and
beyond which it gradually declines to zero and may even become
a minus quantity. '

Premature Precipitation.—It sometimes happens that gold
and silver which have passed into solution are precipitated while
still in contact with the ore and pass out of the plant with the
residue. This may result in a serious lowering of recovery and

1 Mining and Scientific Press, May 2, 1908.
2 The Cyanide Handbook, page 118 (Second Edition).
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consequent loss of precious metal. The most common instance
of this is probably the case of graphitic ores. The power of
charcoal to precipitate gold out of cyanide solution has long been
known, and it appears that graphite, and perhaps certain other
organicsubstances, possess a similar property. W.R.Feldtmann,?
after an extensive investigation, concludes that gold is precipi-
tated on charcoal and graphite not as metal but as a compound,
. possibly a carbonyl aurocyanide, AuCN.CO(CN),, and that
this compound is soluble to the extent of about 759 in solutions
of alkaline sulphides. It has been found that the graphite in
such ores is very amenable to the flotation process, so that a
concentrate can be made consisting of the sulphide and nearly
all the graphite. This concentrate, if gold is the only valuable
constituent, is readily treated by cyanide after a dead roast.
The flotation tailing, if sufficiently valuable, can then be cyanided
with normal results. In cases where it is not advisable or con-
venient to roast a graphitic concentrate F. A. Beauchamp has
found that the adverse action of the graphite may in some in-
stances be to a large extent neutralized by giving the material a
series of very short treatments, say for an hour or two hours, in
cyanide solution, filtering and washing between each one.

This experience would tend to show that the precipitating
action of the graphite is somewhat slow.

Relative Dissolving Efficiency of Sodium and Potassium
Cyauide.—There is probably no potassium cyanide now made
for commercial purposes. With the development of the cyanide
process the custom grew up, for economic reasons, of manufactur-
ing what was called a ““double salt”’ composed of potassium and
sodium ecyanides in varying proportions. This material was
compounded so as to have a cyanogen content of 989, to 999,
in terms of KCN. On account of the fact, however, that sodium
cyanide contains so much more e¢yanogen per unit of weight than
the potassium salt, the mixture could contain a considerable
percentage of impurities and still show the standard strength
when titrated in terms of KCN, in fact it is probable that the

! Proceedings I. M. M. (London), April, 1915,
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strength was adjusted to the desired point by ‘diluting” the
product with some presumably inert substance such as sodium
carbonate or sodium chloride. It is this product that is here
referred to as commercial potassium cyanide. Sodium cyanide
on the other hand does not lend itself to adulteration in this way
and a material that gives a high titration in cyanogen content
may be taken at its face value as regards composition. The
sodium cyanide now usually put on the market will test up to
about 979 to 989 in NaCN (51.49% to 529, in cyanogen content
out of a possible maximum of 539%) and is therefore a very high
grade product.

The question then arises, is the relative efficieney of the two
kinds of eyanide strictly proportional to their cyanogen content,
per unit of weight? This is usually assumed to be the case in
practice and no doubt it is so in many instances. Clennell!
states that he has always found that “‘solutions containing equal
amounts of cyanogen give identical results, whatever the nature
of the metal with which it is combined.” This, however, is not
the point. The real question is, do the two kinds of dry cyanide
salts when added to a mixture of water and ground ore
undergoing extraction treatment produce a solution with a
cyanogen content proportional to that shown by titration to
be contained in the dry salts respectively? And it would seem
that in some cases at least this question must be answered in
the negative.

At the mill of the Creston Colorada Company in 1907 the
writer made a comparison between the use of the double salt
(98 to 999 in terms of KCN) and sodium cyanide (1309 in terms
of KCN). Each kind of cyanide was used exclusively every
alternate month, the test extending over eight or nine months.
The result showed that the weight of cyanide charged out of the
store per ton of ore was the same, pound for pound, regardless of
which kind was used, the cyanide strength of the stock solutions
being maintained uniformly at 0.19, free cyanide intermsof KCN
during the whole test. This meant that a pound of sodium

1 Mining and Scientific Press, March 28, 1914,
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cyanide, paid for at the rate of 1309, KCN, did no more work
than a pound of the double salt paid for at the 999 rate.

Again, at the Butters Divisadero Company’s mill in 1914 the
writer made a careful survey of the figures for the previous seven
years. During all this time the treatment conditions had been
uniform and also the character and grade of ore, so far as could
be observed. Sodium cyanide (130% KCN) was in use from
May, 1906 to March, 1908, and again from Jan., 1912 to December,
1913. “Cyanide” (999% KCN) was in use from April, 1908 to
December, 1911. The solution strength maintained throughout
was 0.19% free cyanide in terms of KCN by the usual titration
methods. The number of pounds of each kind of cyanide
charged out of the store was then worked out per ton of ore over
the several periods and also the combined extraction in gold and
silver. The resulting figures were,

Sodium ecyanide (130 % KCN) ‘“‘Cyanide” (99% KCN)
Pounds per ton Extraction, Pounds per ton Extraction,
of ore per cent. of ore per cent .
2.64 88.6 2.17 92.0

The result of this comparison is even more remarkable than
that at the Creston Colorada since not only was the number of
pounds of 99% ‘‘cyanide’” consumed per ton less than that of
sodium eyanide (1309%) but the extraction obtained during the
use of the 999, cyanide was over 39, higher.

The writer has no explanation of this phenomenon to offer, and
it seems all the more difficult to account for since there is little
doubt that the “ Cyanide” (999%) in question was the double salt
and contained 2 considerable proportion of sodium cyanide as well
as some presumably inert substance such as sodium chloride
(though as a matter of fact no analyses are available). Whatever
be the reason the conclusion would appear to be that at least in
the case of some ores the “Cyanide” (double salt, 99% KCN) is
more cconomical in use than sodium cyanide (1309 KCN) and
that it would be worth while investigating the question in each

individual case.
23






CHAPTER II
TESTING AND ANALYSIS OF SOLUTIONS

It is obviously of the highest importance in controlling the
action of a solution to find out what strength of cyanide and
alkali it contains at any given time. Under this head are the
tests for free cyanide, ‘“total” cyanide, hydrocyanic acid, and
free or “protective’” alkali.

Besides these constituents, which have to be determined fre-
quently each day, it is useful at times to ascertain the presence,
(and if present the amount), of the following substances, zinc,
copper, ferrocyanide, and sulphocyanate.

It is customary to express cyanide strength in terms of potas-
sium cyanide (KCN) of 1009, strength, even though sodium
cyanide (NaCN), carrying a higher percentage of eyanogen (CN)
per unit of weight, may be actually in use.

This seems somewhat illogical and the only thing to be said in
its defence is that the theory and practice of eyanidation having
been born and having grown up under the formula KCN a change
of notation would mean readjustment of all the old standards
and, for a time at least, a mental translation of the new notation
to the old before it would convey any meaning. In view of the
varying cyanogen content per unit of weight in the commerecial
cyanide now put on the market the obvious standard to use would
be the percentage of CN but if in the future the pure sodium
cyanide (98 to 999, NaCN) is to be universally supplied it would
probably be more convenient to think and speak in terms of that
salt and the titration of the solution could be reported in pounds
NaCN per ton of solution. If a change is to be made, however,
it would seém that it would only come about by concerted action
between the various technical societies throughout the world.

The tests for free cyanide, total cyanide and hydrocyanic acid
are made volumetrically, by slowly running silver nitrate solution

19
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from a burette into a known quantity of the cyanide solution.
For this purpose a standard solution of silver nitrate is usually
made up, of such a strength that the result may be read off without
calculation.

Such a standard solution of silver nitrate may be made by dis-
solving 3.262 grams of silver nitrate (AgNOj) in distilled water and
making up to 1 litre and this is the standard adopted and referred
to in the following pages. (Should the least milkiness develop
while dissolving it is an indication that the water is not sufficiently
pure). The reaction taking place between the silver nitrate and
potassium cyanide may be represented by the following equation:

AgNO; + 2KCN = AgK (CN); + KNO;
Thus 169.9 gm. AgNO; saturates 130.2 gm. KCN
or 3.262 gm. AgNO; saturates 2.5 gm. KCN

Therefore 1 cc of above solution (=0.003262 gm. AgNO;) satu-
rates 0.0025 gm. KCN. If 25 ce of mill solution is taken for titra-
tion, then 1 cc of nitrate solution = 0.0025 gm. KCN = 0.019%, or
0.1 kilo KCN per metrie ton or 0.2 Ib. KCN per 2000 1b. ton of
solution. Similarly, a solution containing 6.525 grams of silver
nitrate per litre may be made up, 1 cc of which contains 0.006525
grams of AgNO; equal to 0.005 gm. of KCN. Then if 10 cc of
mill solution be taken for titration, 1 cc of nitrate solution = 0.005
gm. of KCN = 0.059%, = 0.5 kilo per metrie ton or 1 pound per
2000 1b. ton of solution; while if 50 cc of mill solution be taken, 1
cc of nitrate solution = 0.019, = 0.1 kilo per metric ton or 0.2 1b.
per 2000 1b. ton of solution. Probably the most common strength
for the standard silver nitrate solution is 13.05 grams per litre,
and is such that if 10 cc of mill solution be taken for titration
1 cc of nitrate solution equals 0.19, KCN or 2 lb. per ton. This
strength, however, is not recommended for reasons which will
be stated later.

Free Cyanide Determination.—Two methods are in use for
thjs purpose, and there is a third that may be used on occasion,
but it should be understood that there is no direct method yet
devised which will give better than comparatively correct results.
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If the determination, however, can be relied on to be relatively
uniform and consistent, that is all that is required for practical
working.

Method No. 1.—Take 25 cc of the solution to be tested and
place in an Erlenmeyer flask, add a few drops of 59 solution
of potassium iodide free from alkali, and slowly run in the silver
nitrate from the burette, shaking the flask meanwhile, until a
distinet yellow opalescence appears. Then read off the number
of cc of silver nitrate used and multiply by 0.01, and the result will
be the amount of free cyanide in the solution in terms of per-
centage. To get the cyanide in kilos per metric ton of solution
multiply the number of cc of silver nitrate by 0.1 orif the cyanide
in terms of lb. per 2000-lb. ton of solution is desired multiply
the number of cc of silver nitrate by 0.2. If the cyanide strength
is over 0.29, KCN it is better to take only 10 cc of the cyanide
solution for the test. In this case, when using as the standard
solution 3.262 grams AgNO; per litre, after the burette reading
has been noted move the decimal point one place to the left and

divide by 4. For instance if B = burette reading in cc then
B~>§E= % KCN orl;- = kilos per metric ton or = ?: Sk %
= lb. KCN per 2000-1b. ton of solution.

Method No. 1 is not to be recommended when the solution
contains zinc (as it usually does), because the results are not
uniform. When there is no free alkali in the cyanide solution
the value obtained for free cyanide may approximate the correct
one, but if any free alkali is present (and it almost always is, in a
working solution), the cyanide reading will be in excess of the
correct figure, and this excess error will be greater in proportion
as the amount of free alkali is greater, until, if the latter happens
to be about 0.089% (in terms of NaOH) or over, the reading sup-
posed to represent free cyanide will coincide exactly with the
amount of ‘‘total” cyanide, as shown in the method to be de-
scribed later.

W/ Method No. 2.—In place of the foregoing the following is
recommended, as giving the most correct and consistent reading
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for free cyanide under ordinary conditions. It needs a certain
amount of practice to stop at the exact end-point of the reac-
tion, but precision is easily and rapidly acquired.

Take 25 cc of the solution to be tested. (If not absolutely
clear and colorless to transmitted light, filter and re-filter untilitis.)
Pour into a bulb parting-flask with the neck cut short, Fig. 1, or
into a small conical parting-flask, Fig. 2, first having seen that the
flask is as clean and transparent as the
solution, for which purpose wash with
some weak hydrochloric acid solution
and rinse well. Do not add water to
the solution to be tested, because it
will tend to dissociate some of the zinc-
potassium cyanide and make the free
i cyanide reading too high. Place the
" burette opposite a window with a good
light (but not in the direct rays of the
sun), and fix a black card vertically
about 4 inches behind the spot where the flask is to be held, so
that the light will strike the surface of the solution over the top
of the card leaving the solution itself in shadow. Then, keep-
ing the eye on a level with the flask, watch the behavior of
every addition of silver nitrate as it touches the solution, not
keeping it in continuous agitation but allowing the bluish-
white cloud formed by each addition of silver to hang for a
second or two before shaking and dissolving. The finish is
indicated by the first appearance of a bluish haze dulling the
original brilliancy of the solution. With a very little practice
the operator will find he can check himself and others within
a tenth of a cc on the burette. To ensure the success and
delicacy of this reaction it is important that the silver nitrate
solution should be dilute, and for this reason the standard already
recommended (3.262 grm. AgNOs; per litre) is to be preferred to
the usual standard of 13.05 grm. per litre. With a strong silver
nitrate solution the tendency is to precipitate flocks instead of the
dispersed opalescence necessary for a clearly defined end point.

Parting Flasks.
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Number of cc of standard AgNO; X 0.01 = 9 free KCN or
X 0.1 = kilos KCN per metric ton of solution or X 0.2 = pounds
KCN per ton (2000 1b.) of solution.

(NoTE) .~£1t sometimes happens (that is, in the case of certain
solutions) that the addition of a few drops of potassium iodide
solytion before titration will render this first haziness more
easily distinguished and may give a slightly lower reading than
without The-reasen-of this phenomenon is not clear and the
writer-is-—not-prepared-to_offer any explanation of it. In such
cases, however, there is no harm in making use of it so long as it
is clearly understood that it is the first faint blue-white opal-
escence that is to be looked for and not the yellow tint.

Walter Virgoe! has pointed out that cyanide solutions con-
taining copper, when titrated with silver nitrate without potas-
sium iadide indicator, yield a result higher than the true value
for free cyanide, owing to part of the copper-potassium cyanide
being recorded as free cyanide. Thus, while in presence of zinc
and free alkali the addition of neutral potassium iodide as indi-
cator gives a higher and less correct reading than is recorded
without the indicator, when copper is present without zine the
opposite is the case and the addition of neutral iodide indicator
gives a lower reading than without, this lower reading being
the correct one. So, when zinc is absent and copper present,
method No. 1 should be used.

Method No. 3—When copper and zinc are present together both
tendencies are displayed in proportion to the relative amounts of
each metal, and the result is thereby complicated. In this case,
it is advisable to make titrations both with and without KI in-
dicator and to base solution control on the lower of the two read-
ings; or a method devised by Clennell? for determining free
cyanide may be tried, though the writer has not always found it
to give concordant results.

First determine protective alkali, by Green’s method, care-
fully running in the acid drop by drop and recording the number

I Proceedings I. M. M. (London), Vol. X, page 102.
2 Chemistry of Cyanide Solutions, page 25 (Second Edition).
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of drops needed. (For this purpose and for the subsequent
neutralization a mineral acid should be used, say decinormai
nitric acid, because oxalic would precipitate the lime in the cyanide
solution as oxalate, which would mask the end-point in the test
for cyanide.) Then measure out another 25 ¢c of solution to be
tested and run into it the same number of drops of decinormal
acid as was previously recorded. The whole of the protective
alkali in the e¢yanide solution is thus exactly neutralized so that
it does not militate against the use of the iodide indicator. To
the test solution so neutralized add at least 2 cc of neutral 59
solution of potassium iodide, and titrate with standard silver
nitrate to first white flocculent precipitate. Calculate free
cyanide as already explained.

The writer has found this white end point rather indeterminate,
but the yellow end point is well marked and the readings uniform
though the latter gives a higher and probably less corrcct result
than the white end point.

In the use of this method the quantity of KI added has an
important bearing on the result of the titration. The writer has
found that smaller quantities than that stated give proportionally
higher ¢yanide readings, though the amount of iodide may be
materially increased without much apparent effect on the result.

Total Cyanide Determination.—The term ‘‘total” cyanide is
generally limited to mean zinc-potassium cyanide -+ free potas-
sium cyanide + hydrocyanic acid. To determine this, make up
an indicator consisting of 4 grams caustic soda and 1 gram potas-
sium iodide in 100 cc of distilled water. Take 25 ccof the solution
tobe tested, add 3 to 5 cc of the indicator, and titrate with standard
silver nitrate until a distinct lemon yellow opalescence appears.

Number of cec AgNO;zused X 0.01 = % ““total” cyanide. Keep
stock bottle of indicator well stoppered to avoid absorption of
carbonic acid, which will tend to make the test cloudy with car-
bonate of lime. Should a whitish precipitate of zinc dense enough
to mask the color come down before the yellow tint appears
Clennell recommends the addition of a little ammonia before
beginning the titration, but this is usually unnecessary.
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Hydrocyanic Acid Determination.—This of course need only be
looked for in solutions containing no protective alkalinity.

First determine free cyanide. Then take another portion,
add a little solution of potassium or sodium bicarbonate free
from monocarbonate, and titrate again for free cyanide. (Frec
carbonic acid must be absent.) The difference in the reading
between the two titrations gives the equivalent in KCN of the
hydrocyanic acid present (Bettel).

Method for Detecting Traces of Cyanide in Water.>—Evaporate
500 cc of the solution with 3 or 4 drops of ammonium sulphide.
Bring to dryness on the water bath and take up with a small
quantity of water or water and alcohol. Filter, and add a drop of
ferric chloride solution. A red coloration indicates the presence
of cyanide. By careful evaporation 1 part in 100,000 can be
detected. The author states that by evaporating solutions
containing known quantities of cyanide in this manner he has
found it possible to obtain a rough colorimetric estimation of the

amount of cyanide present.
(<

TaBLE 1.—SHOWS VARIOUS STANDARD STRENGTHS OF SILVER NITRATE AND
VarviNG FACTORS

Nrabat af 6. ?Standsrd SO | Eqmvalen&cif 1 ce. of silver nitrate solution

ek ié%%é?:‘ i B o T Tl
50 3.262 0.005 0.05 0.1
25 3.262 0.010 0.10 0.2
10 3.262 0.025 0.25 0.5
50 6.525 0.010 0.10 0.2
25 6.525 0.020 0.20 0.4
10 6.525 0.050 0.50 1.0
50 13.050 0.020 0.20 0.4
25 13.050 0.040 0.40 0.8
10 13.050 0.100 1.00 2.0

1 Proceedings Chem., Met. and Min. Soc. of South America, Vol. 1, page 165.
2 Gerard W. Williams, Journal Chem., Metall. and Min. Soc. of S. A.,
May, 1904. : '
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Protective Alkali Determination.—This term is usually defined
as ‘“the alkaline hydrates and half the monocarbonates,” whose
action is to protect the cyanide from decomposition, by acids
developed in the ore and by atmospheric carbon dioxide.

Either oxalic acid or a mineral acid may be used as a standard
solution. Objections have been raised to the use of oxalic on
the ground that it is unstable in weak solutions. This is no doubt
true where standard solutions are to be kept in stock for an in-
definite time, and where extreme accuracy is required, but it
has been proved by the writer that decinormal oxalic acid may
be kept in a bottle 34 full of air in a tropical climate for at
least 4 weeks without showing any appreciable deterioration
when checked against carefully standardized decinormal alkali.
The advantage of oxalic is that if a good brand be used and the
bottle of erystals be kept well stoppered, it may be weighed up,
dissolved, and used without standardization. Of course, theo-
retical accuracy is not attained without standardization on
aceount of uncertain hydration of the ecrystals, but with the
precautions mentioned such a solution is perfectly adequate for
all purposes of alkali control in plant solutions.

The decinormal solution is made by dissolving 6.3 grams of the
oxalic acid crystals in distilled water and making up to a litre.
Decinormal solution of nitric or some other mineral acid may be
used if preferred, but it is necessary that this should be stand-
ardized against a standard alkali. For this purpose Sutton
recommends sodium carbonate as being the most useful. To
make the decinormal solution take 10 or 12 grams of pure sodium
carbonate, ignite gently, and cool under the desiccator. Then
quickly weigh up 5.3 grams of this and dissolve in hot distilled
water. When cool put into a litre flask and fill up to the mark
with distilled water.

A decinormal nitric acid solution contains 6.3 grams of HNO;
per litre. If the acid is about 1.4 sp. gr. put 6.5 cc of colorless
acid into a litre flask and fill up to the mark with distilled water.
A given volume of the decinormal soda solution is taken (say
50 cc), and a few drops of methyl orange (not phenolphthalein)
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indicator added. The nitric acid solution is then run in from a
burette until the color of the indicator shows that the solution
is neutral. If the nitric acid solution is decinormal it should
take exactly 50 cec of it to neutralize the soda. If it needs more
or less than 50 cc it is incorrect, and the strength may be rectified
by adding water or acid, as the case may be, after calculating
the amount necessary. It should then be verified by another
titration. :

As an indicator for determination of protective alkali phenol-
phthalein is generally used, as it gives a value for monocarbon-
ates corresponding with the definition of protective alkali already
mentioned. Moreover, methyl orange cannot be used as indi-
cator with oxalic acid. Dissolve about 0.5 gram of : phenol-
phthalein in a little alcohol and add water up to 100 cc. Should
a milkiness form on adding water, more alcohol is needed.

Two methods are in general use for determining protective
alkali, (1) Clennell’s, and (2) Green’s.

Clennell’s Method for Protective Alkali.'—Thisis carried out
on the same portion of solution that was used for the free cyanide
test, method No. 2. After the necessary amount of silver nitrate
has been run in to determine free cyanide? a few drops of the
phenolphthalein indicator are added, giving a rose pink color
to the solution if free alkali is present; it is then titrated with the
decinormal acid until the pink color is dispelled. Taking 25 cc

of original cyanide solution, the number of cc of 1% acid used X

0.016 = 9% free alkali in terms of NaOH, or X 0.0112 = 9 in
terms of CaO. If 10 cc of original cyanide solution was taken,

multiply the number of ce of 11\% acid used by 0.04 to get percentage

of alkalinity in terms of NaOH or by 0.028 to get percentage of
alkalinity in terms of CaO.
H20204. 2H20 + 2NaOH = Na20204 + 4H20
1 Chemistry of Cyanide Solutions, page 63 (Second Edition).
2 Clennell’s statement that “addition of even a considerable quantity of

silver in excess of the necessary amount does not materially affect the re-
sult” is not true of solutions containing zine.
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Atomic weights: 126 oxalic = 80 sodium hydroxide.
Decinormal oxalic acid = 6.3 grams per litre, equivalent

to 4.0 grams of NaOH. 1ce % acid = 0.0063 gm. = 0.004 gm.
NaOH.

If 25 cc of mill solution be taken for thé test then 1 cc II\—IO acid

=0.004 gm. NaOH = 0.016 %, therefore No. of ccl—l% acid X 0.016
=9, NaOH.

Special standard acid is frequently used in preference to ll\I—O

(@) To Read in Terms of NaOH.—If 3.937 grams of oxalic acid
crystals be dissolved and made up to 1 litre with water, then,
taking 25 cc of original cyanide solution the number of cc of
standard acid used X 0.01 = 9, free alkali in terms of NaOH, or
X 0.1 its equivalent in kilos of NaOH per metrie ton or X 0.2 =
its equivalent in lb. of NaOH per ton of 2000 Ib.

If 10 cc of original cyanide solution be taken, the special solu-
tion is made by dissolving 1.575 gm. of oxalic acid in water and
making up to a litre In this case 1 cc of acid = 0.019, NaOH.

(b) To Read in Terms of CaO.—If 5.625 grams of oxalic acid
per litre be used, then the number of cc X 0.01 = 9 of free alkahi
in terms of CaO, or X 0.1 = its equivalent in kilos per metric ton
or X 0.2 = its equivalent in 1b. of CaO per ton of 2000 Ib.

If 10 cc of original cyanide solution be taken the special solu-
tion is made by dissolving 2.25 gm. oxalic acid per litre, 1 cc of
which = 0.019, CaO.

This method is perfectly satisfactory in solutions containing
zine, provided that the preliminary titration for free cyanide
given under method No. 2 has been carefully performed and
addition of silver has been stopped before more than the merest
trace of zinc has been precipitated. Green has shown that as
soon as sufficient silver has been added to throw down a precipi-
tate of zinc there is a formation of acid zinc nitrate which de-
stroys the reliability of the test for alkali.
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Green’s Method for Protective Alkali.'—In order to avoid the
risk just mentioned Green devised the following method.

First determine total cyanide, as described, recording the
number of cc of silver nitrate used. Take a new 25 cc of the
solution to be tested and add an excess of potassium ferrocyanide
(usually 5 to 10 drops of 10% solution will suffice), then run in
froin the burette the number of ce of silver nitrate recorded in
the preliminary test, and a few drops over. Then add phenol-
phthalein indicator, and titrate with standard or decinormal
acid. Calculate protective alkali as in Clennell’s method.

TaBLE 2.—SHOWS VARIOUS STANDARD STRENGTHS OF OxALIC Acip SoLu-
TION, AND VARYING FACTORs

Standard oxalic

Equivalent of 1 cc oxalic acid solution

N \tx_mber 'ﬁf acid solutiofu, my TN
 Solution | H:&:0¢ 2H0 Per cent. metria fon 2000 Ib. ton
taken per litre
NaOH | CaO | NaOH | CaO | NaOH | CaO
50 6.3 gr. = % 0.008 | 0.0056] 0.08 | 0.056 | 0.16 | 0.112
25 6.3 gr -% 0.016 | 0.0112] 0.16 | 0.112 | 0.32 | 0.224
10 6.3 gr. = i\% 0.040 | 0.0280; 0.40 | 0.280 | 0.80 | 0.560
50 7.875 gr 0.010 | ...... 010" R L5 0.20
25 3.937 gr OROLOZ =, s L3 I e 0.20
10 1.575 gr ONOEQA e e i 0L 0 e 0.20
50 L2560 s & 4] 1550 0.01 0.1 0.2
25 DD ZOVE T2 win| s S 0.01. 0511 0.2
10 A5 i 05005 [ s 0.1 0.2

Available Alkalinity of Lime.>—The sample as delivered for
analysis is contained in an air-tight vessel, having been passed
1 Proceedings I. M. M. (London), Oct., 1901.

2 Abstract from report of South African Engineering Standards’ Com-
mittee. Mining and Scientific Press, May 3, 1913.
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through a 30-mesh sieve. It is crushed with a Wedgewood
mortar and pestle, and the whole passed through a 60-mesh
sieve, this operation being performed as quickly as possible.
It is then placed in a clean, dry, wide-mouthed bottle fitted
with a tight-fitting dry glass-stopper so as to prevent any access
of air. Two grams of the sample is carefully weighed out and
agitated with 1 litre of a 2 per cent. cane-sugar solution (or 1
gm. with 14 litre of a 2 per cent. sugar solution). If a shaking
machine be available, 2 hours continuous agitation should be
given, if not, 6 hours intermittent agitation, every care being
taken to prevent coagulation of the lime, in order that the
lime and solution may be brought into the most intimate
contact during this -period. When the agitation is finished
the solution is filtered as quickly as possible, and aliquot por-
tions titrated with N/10 or N/5 acid, using rosolic acid as
indicator, avoiding delay so as to obviate undue exposure to the
atmosphere. The distilled water used in the above determina-
tion must be made neutral to rosolic acid to counteract the
presence of dissolved CO,. '

Zinc Determination.—To ascertain the presence of zinc add a
few drops of sodium sulphide solution to 50 ce of the solution to
be tested (which should be strongly alkaline), and heat to boiling
point. If zinc is present it will come down as a flocculent white
precipitate. It sometimes happens that a cyanide solution will
contain an appreciable quantity of alumina, in which case a pre-
cipitate of aluminium hydroxide may be formed on adding sodium
sulphide. This precipitate, however, is gelatinous.and can be
easily distinguished from the flocculent precipitate of zine
sulphide. . :

If silver is present also it should first be removed by shaking
up some of the solution with a little aluminium dust and filtering,
as the black precipitate of silver will mask the white sulphide of
zine.

To determine the amount of zine, the method recommended by
Gerard Williams! is probably the most generally useful. Silver

Wournal Chem., Metal, and Min. Soc. of S. A., May, 1904.'
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and lead, if present, interfere and should be removed by precipi-
tation with aluminium before proceeding with the test. Lime,
also, has in some cases appeared to impair the accuracy of results,
and is better removed.

The reagents needed are aluminium dust, commercially known
as_aluminium bronze powder, crystals of neutral potassium or
sodium oxalate, sodium sulphide solution, a decinormal solution
of iodine and a decinormal solution of sodium thiosulphate
(N328203.5H20).

The thiosulphate solution is made by dissolving 24.827 grams
of the salt in distilled water and making up to 1 litre. If the
crystals are chemically pure and have been kept well stoppered
so that they are neither damp nor coated with white powder
(indicating dehydration), this solution may be taken as standard
for the purposes of this test, though for accurate chemical re-
search work it would be necessary to standardize it against a
strictly decinormal iodine solution, or by other methods given
in works on volumetric analysis.

A decinormal solution of iodine contains 12.7 grams of the
element per litre. To expedite the dissolution of the iodine
Clennell! recommends the following procedure: weigh out 18
or 20 grams of potassium iodide and dissolve about 15 grams in
20 or 25 cc of distilled water, reserving the remainder of the iodide
crystals until the finish. Then weigh up 12.7 grams of c.p. iodine
and transfer quickly to the beaker containing the iodide solution.
Stir with a glass rod until no more will dissolve, dilute with dis-
tilled water, and decant carefully into a litre flask. Add the
remainder of the iodide to the beaker with a little water, and the
rest of the iodine should soon dissolve; if not, a gram or two more
of the iodide may be added. When all the iodine solution has
been transferred to the litre flask, fill up to the mark with distilled
water, and transfer the whole to a stoppered bottle, which should
be kept in a dark cupboard.

To check this solution against the decinormal thiosulphate
take 25 cc in a small beaker and run in the thiosulphate solution

e R

1 Private communication.
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from a burette until the brown color is almost dispelled. Then
add a few drops of a solution of boiled starch as indicator, and
continue the titration until the blue color disappears. Should
it need more or less than 25 cc of thiosulphate to produce this
result, the difference should be noted on the label of the iodine
bottle and the proper correction made for it when using the iodine
solution for subsequent titrations If it appears from the look
of the thiosulphate crystals that they are of doubtful hydration,
it will be better to take the iodine solution as the standard and
make the necessary correction on the thiosulphate solution.
For instance, if the 25 cc of thiosulphate solution was neutralized
by 24 cc of iodine solution, 1 ec thiosulphate = 0.96 cc iodine.
Then if the thiosulphate be considered standard and if in an
analytical titration 13 cc of iodine is needed, the correction for
the iodine would be 0.96:1::13:13.54, indicating that 13.54

ce of strictly 1—1\3 iodine had been used. If on the other hand the

iodine be_ considered standard, then

24 cc of iodine = 25 cc thiosulphate
and "1 cc of iodine = 1.04 cc thiosulphate

so if in an analytical titration 13 cc of thiosulphate is needed, the
correction for the thiosulphate would be 1.04:1::13:12.5,

indicating that 12.5 cc of strictly-ll\% thiosulphate had been used.

To determine zinec take about 150 cc of the ¢yanide solution to
be tested and dissolve in it a few crystals of potassium oxalate.
This will precipitate the lime as an oxalate and substitute caustic
potash in the solution.

Should silver and lead be absent the zinc determination may
be proceeded with after filtering out the lime, but if either of
them is present, it should be first removed. To effect this, take
the filtrate after lime precipitation and place in a small stoppered
bottle, add 40 or 50 mgm. of aluminium powder and shake briskly
for 4 or 5 minutes. A drop of the liquor may then be withdrawn
on a glass rod and brought in contact with a piece of filter paper
moistened with sodium sulphide solution. Should any stain
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result the precipitation is not complete and agitation must be
continued, with addition of more aluminium powder if necessary.

Since caustic soda is needed in order to precipitate metals in a
eyanide solution by means of aluminium the solution must con-
tain from 0.059% to 0.19%, of free alkali; if it carries much less than
this, a tiny splinter of caustic soda may be added.

“When precipitation of silver and lead is complete the solution
is filtered, and the filtrate is then ready for the zine determination.

Measure out 100 cc of this filtrate, make strongly alkaline with
caustic soda, add excess of sodium sulphide solution, and heat
almost to boiling point. By this time all the zinc should have
come down as zinc sulphide, which is filtered out, and well
washed with hot water, the washing of precipitate and filter paper
being continued until the water coming away shows no stain
when tested with lead acetate paper or solution, indicating that
all soluble sulphide has been eliminated. The filter paper with
precipitate is then transferred to a small stoppered flask and agi-
tated violently with a little distilled water to disintegrate the
paper. An amount of decinormal iodine solution is then run
in from a burette, agitating the flask meanwhile, until an excess
is present, as indicated by a permanent dark brown color. -This
excess is then titrated back with decinormal thiosulphate.

The original number of ce of iodine solution run in less the
excess indicated by thiosulphate represents the quantity used
up in decomposing the zinc sulphide.

1 cc of % iodine = 0.00327 gram of zinc.

The filter paper pulp usually acts as an indicator in this case,
rendering the use of starch unnecessary, but the latter indicator
may be used in the ordinary way if desired.

Copper Determination.—The first essential is completely to
decompose all the cyanogen compounds. For this purpose Clen-
nell! recommends evaporating 100 cc of the solution to be tested
with 5 ec of nitric and 10 cc of sulphuric acid until dense white

! Chemistry of Cyanide Solutions, page 134 (Second Edition),
3
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fumes are freely given off. Sharwood! prefers to evaporate 100
cc of the solution to dryness twice with nitric acid and then dis-
solve the residue in dilute sulphurie. If in either case a yellowish
floceculent precipitate remains undissolved an incomplete decom-
position of cyanogen compounds should be suspected. In
some instances the writer has found it necessary, after evaporat-
ing to dryness twice with nitric acid, to add strong sulphuric
and evaporate to white fumes in order to complete the decompo-
sition of the cyanides.

When a large quantity of solution is taken for eva,poratlon the
lime separates out as calcium sulphate at the finish so it is better
in such cases before starting the analysis to precipitate the lime
with sodium carbonate or potassium oxalate and filter it out.
When decomposition is complete, whatever method be used, the
assay is diluted with water and boiled until all anhydrous salts
are dissolved. Sometimes a slight insoluble residue is left which
may be filtered out, washing the filter paper with hot water and
adding the washings to the filtrate. Next place in the solution
a cylinder of thin sheet aluminium and boil until all the copper is
precipitated. If hydrogen is not freely given off add more sul-
phuric acid. When the action is sufficiently brisk the copper’
deposited on the aluminium will be detached and form spongy
masses, leaving the aluminium surface clean. When the copper
is precipitated remove the aluminium cylinder and wash it with
distilled water. Should any copper adhere to the surface it may
be detached with a rubber-tipped glass rod and washed into the
beaker. Decant the solution carefully and wash the spongy
copper several times by decantation with hot water, avoiding
exposure to the air so as to minimize the risk of oxidation.

The copper is now dissolved in 5 to 10 cc of nitric acid, and
boiled until all brown fumes are expelled, and the determination
made by any of the standard methods, such as electrolysis, titra-
tion with cyanide, or the potassium iodide method.

The Cyanide Method for Copper.—Unless a high degree of
aceuracy is required the cyanide method may be made to give
quite satisfactory results.

! Engineering and Mining Joﬁrnal, 1898, page 216,
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For this test a standard copper solution is prepared by dissolv-
ing 10 grams of pure copper foil in 100 cc of nitric acid, boiling
to expel brown fumes, and diluting to 1 litre, 1 ce of this solution
will contain 0.01 gram of copper and 0.1 cc of nitric acid.

If silver was present in the original cyanide solution some or
all of it will have passed into the copper nitrate solution, and
should be removed by adding a drop or two of hydrochloric acid,
filtering, and washing the precipitate. The solution is then
neutralized with sodium carbonate in slight excess, and about
1 cc of ammonia added, or sufficient to give a clear blue
solution, which is put in a beaker of suitable size. Next,
put in a similar beaker a measured damount of the standard
copper solution, approximating in copper content the quantity of
copper contained in the solution to be tested, and accompanied by
about the same amount of nitric acid. Add a drop or two of
hydrochloric acid (if that was added for precipitating silver, as
described), and neutralize with sodium carbonate. Then add
1 cc of ammonia, or the same quantity as was added to the other
beaker, and distilled water to make an equal volume in the two
beakers.

The standard and the assay (which should both be at the
same temperature), are then titrated with a solution of potassium
or sodium, cyanide of 0.5 to 29, strength according to circum-
stances, until only a faint violet tint remains.

The burette reading obtained in testing the standard copper
indicates the copper value of each cc of cyanide solution under
the conditions of the test, and from this the copper content of the
assay is calculated. '

Colorimetric Estimation of Copper.—Where copper is present
in very small amounts it is usually best estimated colorimetrically.
For this purpose the standard copper solution already described
may be diluted to 1{, its strength so that 1 cc will contain 0.001
gram of copper instead of 0.01 gram.

The cyanide solution is evaporated with acids as for the regular
copper determination and after diluting, boiling, and cooling, a
few cc of ammonia is added or sufficient to neutralize the acid
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and produce the characteristic blue color. When small quantities
of iron are present it may be necessary to heat the resulting
solution to assist the precipitation of the ferric hydroxide which
should be then filtered out, but it is better to avoid heating if
possible after addition of the ammonia as this sometimes tends
to cause reduction of intensity in the blue color especially where
only traces of copper are present. Even in the cold the blue
color tends to fade on standing so no time should be lost in pro-
ceeding with the test.

Method of Procedure.—Two colorless glass cylinders marked
at 100 cc are taken. Into one is poured the blue ammonia-copper
solution to be tested, and distilled water added up to the mark.
Into the other cylinder is poured afew cc of ammonia and distilled
water up to within a short distance of the mark, space being left
for the addition of the standard copper solution. The latter is
then run into the cylinder drop by drop until the color matches
that of the solution in the first cylinder. The number of cc of
standard copper solution run in is then read off the burette and
the copper content of the test calculated therefrom. In match-
ing the color it is of great assistance to have the cylinders enclosed
in a box open at the bottom, in such a way that the light may be
reflected upward from a sheet of white paper and the color
judged and compared by looking down vertically through the
column of liquid.

Ferrocyanide Determination.—The most reliable method is
probably that of determining the iron and calculating to ferro-
cyanide.

It must of course be assumed that all the iron found occurs in
that form, but as ferricyanides are most unlikely to be present
in ordinary cireumstances the assumption is a fairly safe one.

As in the case of the copper determination (see page 33)
especial care must be taken to decompose the cyanogen com-
pounds, either by evaporating with nitric and sulphuric acids till
white fumes are given off or by evaporating twice with nitric
acid to dryness and then with strong sulphuric to white fumes;
and as before, if dealing with a large volume of original solution
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it is better to begin by removing the lime with sodium carbonate
or potassium oxalate. The solution resulting from the evapora-
tion is cooled, diluted and boiled to dissolve anhydrous salts. It
is then cooled again, neutralized with ammonia in slight excess,
and heated to boiling. The ferric hydroxide formed is filtered
out and washed on the filter.

Potasstum Sulphocyanate Method for Estimating the Iron.—If
the quantity of iron is very small it is best estimated colorimetri-
cally by at once dissolving the precipitate in hydrochloric acid
and carefully washing the filter paper. A standard solution of
ferric iron is prepared by dissolving 0.1 gram of C.P. iron wire in
nitrohydrochloric acid. Dilute the solution thus obtained and
precipitate the iron with ammonia. Filter out the ferric hydrox-
ide and wash thoroughly and then re-dissolve in dilute hydro-
chloric acid and add distilled water to make up to 1 litre. The
test is made similarly to that described for the colorimetric esti-
mation of copper. Two colorless glass eylinders marked at 100
cc are taken. In one of them is placed 1 or 2 cc of hydrochlorie
acid and 10 or 15 cc of a solution of potassium or sodium sulpho-
cyanate of such a strength as to have an excess of the latter after
running in the standard iron. Fill up nearly to the mark with’
distilled water leaving space for addition of the standard iron.
Into the other cylinder pour a similar quantity of hydrochloric
acid and sulphocyanate solution and a measured amount of the
solution to be tested filling up to the mark with distilled water.
The formation of a blood-red color will indicate the presence of
sulphocyanate. Standard iron solution is then added from a
burette to the first cylinder until the color corresponds with that
of the solution being tested. Should the first cylinder lack much
of being filled to the mark by this time a little more water may be
added and if necessary a few more drops of the iron solution.
Here as in the copper estimation it is well to enclose the cylinders
in a box open at the bottom in such a way that the light may be
reflected upward from a sheet of white paper and the color com-
pared by looking down vertically through the column of liquid.
Care should be taken not to have so much iron present in the test
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as to make the color too deep for comparison. When adding
standard solution from the burette it is important that the con-
tents of the cylinder be well mixed after each addition, and for
this purpose it is better to turn the liquid out into a beaker each
time. !
Reduction Method for Estimating the Iron.—Should the amount
of iron obtained from the cyanide solutions be large enough
to be determined by reduction and direct titration, the pro-
cedure may be as follows: onto the filter paper containing
the washed precipitate of ferric hydroxide pour some di-
lute sulphuric acid to dissolve it, taking care to wash the

paper free from iron. Clennell! recommends boiling this
solution with clean aluminium turnings until a drop of the liquid
no longer imparts a red tint to a drop of potassium sulphocyanate
solution. The flask is then cooled rapidly without removing
the aluminium and titrated with standard potassium perman-
ganate. Evolution of hydrogen must have entirely ceased before
titration.

The decinormal permanganate solution is made by dissolving
3.156 grams of the pure dry salt in distilled water and making up
to 1 litre.

1 cc of this solution = 0.0056 gram Fe or 0.0369 gram K,I'e
(CN)s (potassinm ferrocyanide).

If the permanganate is pure and dry the solution made up as
above will be almost exactly decinormal, but it may be standard-
ized against an iron solution, if desired.

1 Personal communication to the writer.
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Fit a boiling flask with a rubber stopper through which passes
a short length of glass tube to act as a steam vent, or better still,
a bent tube long enough for its free end to pass below the surface
of some water in a beaker. Remove the stopper and pour in
about 100 cec of dilute sulphurie acid and a few grams of sodium
carbonate to expel the air by formation of carbonic acid. Then
place in the flask 0.1 gram of pure soft iron wire previously cleaned
with scouring paper, and allow to dissolve. 0.1 gram of suchiron
wire may be considered to contain 0.0996 gram of pure iron.
Cool the solution rapidly and titrate with the permanganate
solution until a faint rose color remains permanent. With a
strictly decinormal solution of permanganate 17.85 cc should be
required to oxidize 0.1 gram of iron, or 17.78 cc for the 0.1 gram

"of wire taken.

Sulphocyanate Determination.—The method usually given for
detection of sulphocyanate is to acidify and add a ferric salt, a
blood-red color indicating the presence of KCNS. Silver and
copper, however, interfere, and if present in sufficient amount
may entirely prevent the formation of the characteristic color, so
they must be removed before any determination can be made.
The silver may be conveniently precipitated by shaking up a
portion of the solution in a bottle with a little aluminium dust.
There is usually sufficient caustic soda in working solutions to
effect this reaction, but if not a tiny splinter of caustic soda may
be added. In order to find out when precipitation is complete a
little of the solution may be filtered and added to a flask contain-
ing dilute sodium sulphide; if any discoloration ensues agitation
should be continued, or if necessary more aluminium dust added.
If not, the solution may be filtered, and the test proceeded
with. :

1f, after removing thesilver, copper isstill present, the writer has
found that it may be conveniently eliminated by acidifying in
presence of an excess of potassium ferrocyanide, the copper being
precipitated as insoluble ferrocyanide and the excess of potassium
ferrocyanide being removed as prussian blue on the addition of an
excess of a ferric salt.
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The procedure is as follows: If neither silver nor copper exist
in the solution, or if silver alone was present and has been thrown
out as described, take 100 cc of solution, acidify with a measured
quantity of sulphuric acid, say 10 cc, add 10 cc of solution of a
ferric salt (preferably ferric sulphate), and titrate with decinor-
mal permanganate until the red color of the ferric.sulphocyanate
is dispelled.

If ferrocyanide is present it will come down as prussian blue,
and must be filtered out, and it is safer to filter always, since
small amounts of prussian blue may not be detected from the
appearance of the liquor, and yet may be present in sufficient
amount to impair the accuracy of the subsequent titration.
When much prussian blue is produced, to avoid washing the
precipitate, take an aliquot portion of the filtrate for titration,
say 60 cc which in this case represents 50 cc of the original solu-
tion to be tested.

If the amount of ferrocyanide is large it may be necessary to
add more ferric salt, because the red ferric sulphocyanate will
not be formed until the whole of the ferrocyanide has been
changed into prussian blue.

When Copper is present in the solution to be tested (silver
being absent, or having been precipitated and filtered out as de-
scribed), take 100 ce, add, for example, 5 cc of 19 solution of
ferrocyanide, then 10 cc of sulphuric acid, and then 5 cc of ferric
sulphate, making 120 ccin all. Filter, and measure out for titra-
tion 60 cc of the filtrate, representing 50 cc of the original solution,

. . N
and titrate with 10 permanganate.

The preparation of the decinormal permanganate has been
already described. (Ferrocyanide determination.)

1 cc% permanganate = 0.001619 gm. KCNS.

Sharwood! considers the determination by permanganate un-
reliable and prefers to estimate sulphocyanate colorimetrically,
using the reverse process to that described for small amounts of

! Engineering and Mining Journal, 1898, page 216.
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iron. The writer, however, has found the permanganate method
to give closely concordant results when tested on made-up
solutions, provided that silver and copper are first eliminated.

Estimation of Other Compounds.—In trying to account
for all the sources of cyanide loss during treatment of an ore
it_is sometimes useful to test the solution for cyanates, ammonia
and ammonia compounds, formates and acetates.

Cyanate Determination.—Clennell! gives among other methods
the following by O. Herting based on the fact that when KCNO

e D,

F1g. 4—Ammonia Distillation Apparatus.

is treated with an acid it does not decompose into HCN but reacts
in the sense of the equation,
KCNO + 2HCI + H,0 = KCl + NH.Cl + CO,

By determining therefore the amount of ammonium compound
formed a measure of the cyanate originally present is obtained.

The accompanying diagram, Fig. 4, shows the general arrange-
ment of apparatus recommended by Sutton for the distillation
of ammonia.

A is a distilling flask holding 200 or 300 ce fitted with a rubber
‘stopper having two holes for glass tubes to pass through it.

t Chemistry of Cyanide Solutions, page 108 (Second Edition).
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B is a bulb tube with glass stopper above and stopcock below
the bulb.

C is the receiver with rubber stopper through which the dis-
tillate tube D enters, and another tube E for escape of superfluous
gases. The tube E is partly filled with glass beads or glass wool.
In order to prevent the possibility of spray entering the distillate
tube from the boiling liquid it is well to place a plug of glass wool
in the neck of flask A just below the end of the distillate tube.

The distilling tube D should extend down almost to but not
into the acid. Sutton recommends that both ends of the distil-
late tube and that of the vent tube E be ground obliquely.
Should the distillate flask get too hot it may be stood in a dish
of water, and a little water played over it at intervals with a
wash bottle. :

The method of procedure is as follows: Take a measured
amount of the solution to be tested and add HCl in slight excess:
evaporate to dryness over the water bath: dissolve the residue
in water and transfer to the boiling flask A. Place 20 to 30 cc of
strong NaOH solution in the bulb B and stopper the flask care-
fully. Loosen the stopper of flask C and pour in through the
glass wool of tube E a measured quantity of decinormal acid.
(The quantity of acid should of course be more than sufficient to
combine with the whole amount of ammonia given off.) A few
drops of methyl orange may be added if desired.

All being ready the stopcock in tube B is opened and the
caustic solution allowed to run into flask A, which is then
brought to a gentle boil. Boiling should be continued till at
least two-thirds of the liquid in the flask has distilled over.
When the operation is finished disconnect flask C' and wash
down the acid solution contained in the glass wool of tube E
into the flask, great care being taken that every trace of acid
is displaced. The contents of flask C' are then titrated with
decinormal alkali to ascertain the quantity of acid neutralized
by the ammonia.

il ccll\% acid consumed = 0.0042 gm. CNO
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Should ammonium compounds be present in the solution to be
tested they must of course be estimated separately and their
equivalent deducted from the value found before calculating the
result to terms of CNO.

Determination of Ammonia and Ammonium Salts.—The fol-
lowing method is given by Clennell.! “Add excess of AgNOs,
1.e., sufficient to precipitate all cyanogen compounds, then a little
NaCl to remove excess of AgNO;, filter, wash, evaporate filtrate
on a water bath to a moderate bulk, distil with caustic soda or

sodium carbonate and collect distillate in % acid. Titrate

residual acid with 11\1—0 alkali and methyl orange. If free ammonia

only is to be estimated use water instead of NaOH or Na,CO;
for distilling. In this case also the preliminary evaporation on
water bath must of eourse be omitted.”

Estimation of Formates.—The presence of formates in a cyanide
solution is usually taken as a measure of the amount of ammonia
and ammonium compounds formed by decomposition of the
cyanide, according to the equation,

The following method of determination is a modification by
the writer of a method suggested by Clennell, and depends on the
reduction of silver from the nitrate by a formate, in the sense of
the equation,

2NaCO.H + 2AgNO; = 2Ag 4+ CO; + HCO.H + 2NaNO;

It has to be assumed that formates are the only substances
present capable of reducing the nitrate of silver to the metallic
state.

Procedure.—Take 100 cc of the solution to be tested. Add
decinormal H,SO, to neutralize the alkali exactly, using the
amount required in the protective alkali test. Add AgNO; in
slight excess and bring to boil. A blackening of the white pre-
cipitate first thrown down may be taken to indicate the presence -

! The Cyanide Handbook, page 525 (Second Edition).
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of formates. Care should be taken to see that the filtrate con-
tains free silver in solution. The precipitate is then washed to
free it from the excess of silver and treated with ammonia or
sodium thiosulphate to remove the silver cyanide which would
otherwise dissolve to a sufficient extent in the subsequent nitric
acid treatment to vitiate the results. The remaining blue-black
precipitate is well washed to remove every trace of soluble silver
and dissolved in 109, boiling HNO; solution. This solution is
then titrated for its silver content with decinormal potassium
sulphocyanate (Volhard’s method).

1 cc 11% KCNS = 0.010788 gm. Ag = 0.00450 gm. CO.H

This method may tend to give a result somewhat too low since
precipitated metallic silver is slightly soluble in both ammonia
(Prescott & Johnson, page 46, sixth edition) and hypo (H. F.
Collins. The Metallurgy of Silver, page 187). The present
writer has not determined the possible limit of error.

Volhard’s Silver Detlermination.—This requires (1) a deci-
normal ammonium or potassium sulphocyanate solution, (2) a
decinormal silver nitrate solution, (3) ferric indicator. A deci-
normal silver nitrate solution contains 16.988 grams of AgNOs
per litre, or 10.788 grams of Ag. It may be made up by direct
weighing of the pure salt or if preferred by dissolving 10.788
grams of pure silver in nitric acid.

Ferric Indicator.—This may be a saturated solution of ferric
alum or a 109, sol tion of pure ferric sulphate. 5 cc of either of
these is used for a titration.

Decinormal Ammonium or Potassium Sulphocyanate.—This
salt being deliquescent cannot be weighed up correctly so an
approximate solution is prepared by dissolving about 8 grams of
the ammonium salt or 10 grams of the potassium salt in a litre of
water. (Should the salt be unusually moist it will be better to
increase the amounts.) The strength of this solution is then
determined by titration with the decinormal silver nitrate, and a
strictly decinormal solution of sulphocyanate prepared therefrom
by adding the right amount of water. It should contain of the
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potassium salt 9.7 grams per litre or of the ammonium salt 7.6
grams per litre.

- Method of Procedure.—Take 50 cc of the I—NO AgNO; solution

and place in a flask. Add 5 cc of ferric indicator and about 10 cc
of pure nitric acid. The acid used for this p.rpose should be
dil1ted with about one-fourth its volume of distilled water, and
boiled until colorless to expel the lower oxides of nitrogen. The
sulphocyanate is then added from a burette. At first a white
precipitate will be thrown down, and a momentary red coloration
will be produced which will instantly disappear on stirring or
shaking. As soon as all the silver has been precipitated one
extra drop of the sulphocyanate solution will produce a permanent
faint reddish coloration which is to be taken as the endpoint. If
the sulphocyanate solution is strictly decinormal it will need
exactly 50 cc of it to neutralize the silver nitrate taken, or

1ce % KCNS = 0.010788 gm. Ag

Estimation of Acetates.—Julian and Smart! state that cyanide
solutions undergoing decomposition form not only formates but
acetates. Clennell in a private communication to the writer
states that he has never found acetates present in a working
cyanide solution unless lead acetate was being used, but on the
assumption that acetates may perhaps be formed in certain ecir-
cumstances he suggests the following equation.

4KCN + 5H,0 = CH;CO:K + 2KCNO + KOH + 2NH;

His method of determining acetates is as follows:

To 50 cc of the solution to be tested add neutral solution of
silver sulphate in slight excess. Agitate, settle, and filter, wash
with cold water. The acetates will be in the filtrate. Evapo-
rate the filtrate to a small bulk, transfer to a boiling flask, and
distill in the presence of sulphuric acid, collecting the distillate
in 50 cc of decinormal NaOH. Continue distillation until about

! Cyaniding Gold and Silver Ores, page 109 (Second Edition).
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10 cc remainsin the flask, say for one hour. Titrate the residual

NaOH in distillate with % acid.

N
1ce 10 alkali consumed = 0.0059 gm. CH;CO.

This method assumes that the filtrate from precipitation with
Ag:S04 contains no volatile acid except acetic. The presence
of acetic acid in the distillate may be confirmed by making slightly
acid with HCl, adding ferric chloride and boiling. A deep red
color should be produced on addition of FeCl; giving a light red
flocculent precipitate on boiling.

Estimation of Soluble Sulphides.—This is seldom called for,
but it happens occasionally that an appreciable amount of sul-
phide is developed in the cyanidation of concentrate, and some
sulphide is sometimes apparent in the press effluent from alu-
minium precipitation which it may be desirable to estimate. For
such small amounts Clennell! recommends the colorimetric
method.

For this purpose a weak standard solution of sodium sulphide
is prepared, as described below. Two glass cylinders marked
at 100 cc are taken, one of which is filled to the mark with the
solution to be tested and a few drops of concentrated solution of
sodium plumbite or alkaline lead tartrate added. If sulphides
are present a brown coloration will become apparent. To the
other cylinder which is filled nearly to the mark with water a
similar amount of lead solution is added and the standard Na2S
solution run in from a burette until the brown coloration pro-
duced matches that of the test. The amount of sodium sulphide
in the test cylinder is then calculated from the quantity of Na2S
used to match it.

It sometimes happens that the tone of color produced in the
cyanide solution does not compare well with that in the water
cylinder, and if the solution to be tested contains only traces of
silver as would be the case with barren precipitate press efluent
some of this solution may be shaken up with a little lead carbon-

1 The Cyanide Handbook, page 523 (Second Edition),
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ate or litharge and filtered and the filtrate used instead of water
for making up the second cylinder.

Standardizing the Sodium Sulphide.—This is best done with
standard zine solution as described by Sutton (Vol. Anal.). The
sulphide solution may be made by taking a measured amount of
solution of caustic soda and saturating half of it with H,S gas
and then adding the remainder of the caustic solution, or the
fresh e.p. crystals may be used. It is best to make a fairly
strong solution for the standardization and afterward dilute
down to a suitable strength by adding the correct amount of
water, since the method of standardizing is not satisfactory with
very dilute solution.

The standard zine solution is made by dissolving 44 grams of
pure zinc sulphate in distilled water and making up to 1 litre.
Or 10 grams of pure metallic zinc may be dissolved in hydro-
chloric acid and made up to 1 litre with distilled water. 1 cc of
this solution will then equal 0.01 gram of metallic zinc. The
indicator may be made by dissolving a httle lead tartrate in a
solution of caustic soda.

50 cc of the standard zinc solution is now taken and treated
with ammonia to which a little ammonium carbonate solution
has been added. A precipitate of zinc hydroxide will first be
formed and addition of the ammonta must be continued until
this re-dissolves to a clear solution. The sodium sulphide solu-
tion to be standardized is then run in from a burette and at
intervals a drop of the liquid is withdrawn on a glass rod and
placed on a piece of white filter paper: as soon as ever the filter
paper has absorbed it a drop of the lead indicator is placed on
the filter paper sufficiently near that the edges of the two
circles of moisture will overlap one another. If no coloration
appears at the point of contact the titration is not complete
and addition of the sulphide is continued, a drop being with-
drawn at inte vals and tested in contact with the lead indicator
on the filter paper, until a black or brown line appears at the
point of contact of the two circles of moisture, indicating the
end of the titration,
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1 cc standard zinc solution =

0.01194 gm. NaoS
0.01687 gm. K,S

When placing the drop of liquor from the test on the filter
paper the precipitate of zine sulphide will be seen to remain in the
center portion of the circle while the clear liquor will expand
beyond it: if the lead indicator spreads across this clear liquor
and touches the inner circle of zine sulphide it will react to give
a black coloration regardless of whether the titration is finished
or not so care should be taken to place the indicator sufficiently
far away that it may only come in contact with the clear liquor
without touching the precipitate. -

The first trial will probably be overdone but a careful repetition
will usually enable the exact end point to be reached. When
the strength of the sodium sulphide solution has been determined
a given amount may be measured out and diluted to a suitable
strength for the purpose desired. This very weak sol tion de-
teriorates rapidly and a fresh batch should be diluted every few
days. Even the strong stock solution decomposes steadily and
should be frequently re-standardized.

Estimation of Oxygen in Working Cyanide Solutions.—Until
recently no simple and reliable method has been known for the
* estimation of free oxygen in working cyanide solutions so that
the one here described supplies something that has long been
needed. The matter takes on an added importance in the light
of the results being obtained by the Crowe Vacuum Process for
precipitation.

This method was devised by H. A. White and is described in the
Journal of the Chem., Metall. and Min. Soc. of S. A. for June, 1918.
It is based on the degree of coloration imparted to a solution of
pyrogallic acid or some similar substance in the presence of
caustic soda by the oxygen contained in the solution.

The description is given chiefly in the author’s own words.
" Apparatus Required.—One dozen (nominal) 250 ce stoppered bottles,
fairly regular in diameter and capacity: one 50 cc burette,
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“Chemicals Required.—Sodium hydrate 2N solution (80 gm. per litre),
pyrogallic acid or other suitable developer, brown dye.” (H. A. White.)

Preparation of standards for comparison: A suitable volume of
distilled water must first be saturated with air and for this purpose
the simplest method is probably that recommended by Sutton.!
Two large acid bottles are taken and half filled with distilled
water; they are then well shaken for a few minutes or to save
trouble may be put on the agitator wheel for an hour or so. The
air in the two vacant spaces is then replaced by pouring the con-
tents of one bottle into the other and vice versa after which the
water is evenly divided between the two bottles and again sub-
jected to agitation; this is repeated several times after which it
may be considered to be saturated and the bottles are allowed to
stand at rest for half an hour before being used. This water is
then used as a standard by which to make up the standard colors
for the comparisons. The point of saturation of water with
atmospheric oxygen will of course vary with the temperature
and pressure so in order to find the amount of oxygen present at
saturation point under various conditions the following table by
Roscoe and Lunt? is referred to, after taking a reading of the
temperature of the water and the barometric pressure.

The table is calculated on the basis of a barometric pressure
of 760 millimeters but if the observed pressure is below this 14¢ of
the value must be subtracted for each 10 millimeters difference
while if the observed pressure is above 760 millimeters 144 of the
value given must be added for every 10 millimeters difference.
For instance, suppose that the temperature of the water after
aerationis 21 deg. C.and the barometric pressure 620 millimeters,
then from the table the number of cc of oxygen representing the
saturation point at 21 deg. C. (for a barometric pressure of 760
millimeters) is 6.16. The difference in the barometric pressures
is 760 — 620 = 140 and the correction is therefore 6.16 — (1494 X
6.16) = 5.026, showing that under the conditions assumed the

1 Volumetric Analysis, page 279 (Ninth Edition).

2 Quoted by Sutton, ibid., p. 280, from the Journal of The Chemical

Society (London), 1889, p. 532.
4
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TaBLE 3.—OxYGEN DissoLvEp BY Distinep WaTer, 5-30°C.

Cec oxygen, s Cec oxygen, s
hb o Wi e DS ™ | % Mg Dgrgeee for
5.0 8.68 S 18.0 6.54 0.07
SRS 8.58 0.10 18.5 6.47 0.07
6.0 8.49 0.09 19.0 6.40 0.06
6.5 8.40 0.09 19.5 6.34 0.06
7.0 8.31 0.09 20.0 6.28 0.06
755 8.22 0.09 20.5 6.22 0.06
8.0 8.13 0.09 21.0 6.16 0.06
8.5 8.04 0.09 21.5 6.10 0.06
9.0 7.95 0.09 22.0 6.04 0.05
9.5 7.86 0.09 22.5 5.99 0.05
10.0 YToATitz: 0.09 23.0 5.94 0.05
10.5 7.68 0.08 23.5 5.89 0.05
11.0 7.60 0.08 24.0 5.84 0.04
11.5 852, 0.08 24.5 5.80 0.04
12.0 7.44 0.08 25.0 5.76 0.04
12.5 7.36 0.08 25.5 B3 0.04
13.0 7.28 0.68 26.0 5.68 0.04
13.5 7.20 0.08 26.5 5.64 0.04
14.0 7.12 0.08 27.0 5.60 0.03
14.5 7.04 0.08 27.5 5.57 0.03
15.0 - 6.96 0.08 28.0 5.54 0.03
15.5 6.89 0.07 28.5 5:51 0.03
16.0 6.82 0.07 29.0 5.48 0.03
16.5 6.75 0.07 29.5 - 5.45 0.02
17.0 6.68 0.07 30.0 5.43
17.5 6.61 0.07

water would contain 5.026 cc of oxygen at saturation point. To
obtain the result in milligrams of oxygen multiply the above
figure by 1.429 which is the weight in milligrams of 1 ecc of
oxygen at normal temperature and pressure. The figure thus
obtained in this case is 7.18 milligrams. o

H. A. White continues,

“TFill (with a siphon), completely, one of the 250 cc (nominal)
bottles with the water and add 0.100 gm. of solid ‘ pyro”’—the densely
crystalline form sold as “Pyraxe’’is preferred—and shake all the crystals
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below the water surface. Then add from a burette, dipping below solu-
tion level, 1 cc of the 2N NaHO and immediately close the bottle with
the stopper in such a manner as to exclude any air bubble at all. Shake
up till all the crystals are dissolved, and observe the colour.

“This colour is then matched with the solution of a brown dye. I
find that ‘Diamond’ brown requires a little acid, methyl orange and a
small amount of chromate of potash to match the shade exactly. Make
up about three litres of the dye solution, adjusted till another 250 ce
bottle-full of it will exactly match the water tested when both are held
together to the light.

“A somewhat better match, preserving the tint well on dxlutlon may
be made by using the brown colour obtained by shaking up a solution
of pyrogallol or eikonogen with excess of air till further darkening has
ceased. In this case some slight change of tint takes place in a day or
two.

“Take eight of these nominal 250 cc bottles and determine the exact
capacity, which will be very close to 300 cc, and number 1'to 8. Into
No. 1 pour the matched dye solution and insert the stopper without
leaving any air bubble. This will represent the amount of oxygen
found in the water sample, and the other bottles will have poured into
them a proportionate quantity of the dye solution till the series repre-
sents 7, 6, 5, 4, 3, 2, 1 and ¥4 mgm. of oxygen per litre respectively.

“If the water sample does not come out sufficiently near 7.0 mgm.
per litre, the following figures will have to be varied to correspond;
and the capacity of the bottles, if more than 2 ce or 3 cc away from
300 ce, will also naturally affect the caleulation.

“Assuming 300 cc bottles and 7.0 mgm. oxygen per litre in the
sample water—

Into No. 1 bottle pour 300 cc matched dye solution and fill with water.

Into No. 2 bottle pour 257 cc matched dye solution and fill with water.

Into No. 3 bottle pour 214 cc matched dye solution and fill with water.

Into No. 4 bottle pour 172 cc matched dye solution and fill with water.

Into No. 5 bottle pour 129 cc matched dye solution and fill with water.

Into No. 6 bottle pour 86 cc matched dye solution and fill with water.

Into No. 7 bottle pour 43 cc matched dye solution and fill with water.:

Into No. 8 bottle pour 21.5 cc matched dye solution and fill with water.
In any case the standards are adjusted to represent from 7 down to
15 mgm. per litre of oxygen, and are so marked, preferably, with a dia-
mond on top of the stopper. The four remaining bottles are marked
A, B, C and D in the same way.”
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“ Any solution may now be tested by plunging a bottle, held vertically,
well below solution level, jarring it and moving to allow all air bubbles
to escape, then dropping in the stopper while still under solution. The
stopper may be given a downward twist when removed from the solu-
tion and the bottle will then be sufficiently air-tight for the few moments
which elapse before testing. Using a siphon to fill the bottle is obviously
a more accurate method, but that given is sufficient and more easily
applied. Solutions in contact with pulp must be settled in a two-litre
bottle filled in the above manner, and the sample bottle filled therefrom
by a siphon.

“In testing the sample of solution, the stopper is gently removed with
an upward twist so as not to lose any liquid. The 0.100 gm. pyrogallol
(of which a sufficient number of lots is ready weighed out) is then
dropped into the bottle and shaken down below solution level; 1 cc of
2N NaHO is then run in from the burette with point below solution
level, and the stopper instantly replaced in such a way that no air
bubble is left. After shaking till all crystals are dissolved, the sample
bottle is placed between the two standards it more nearly resembles,
and thus the oxygen may be determined to 0.5 mgm. per litre. If the
colour is not exactly the right tint it will become so within 15 min-
utes—some solutions retain a sort of purplish tint with pyrogallol for a
short time.”

Assay of Cyanide Solutions tor Gold and Silver. Method No.
1.—Evaporate a known quantity in a square boat made of lead
foil, scorify, and cupel. This is not reliable for low grade solu-
tions because the amount that can be taken for assay is too small.

Method No. 2.—Evaporate a known quantity in a large porce-
lain dish whose bottom is covered with a thin layer of litharge.
When dry remove the litharge, carefully clean the dish with
small pieces of filter paper dipped in dilute hydrochloric acid, the
paper being dried, burnt, and added to the litharge. The latter
is then fluxed and fused down in a erucible. The method may be
used for amounts of solution up to 20 assay tons and is reliable
though tedious.

Method No.3 (Virgoe).—To a known amount of solution add
weak copper sulphate solution in slight excess, that is, until the
clear filtrate shows a faint blue tint, then acidify with hydro-
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chloric or sulphuric acid, and filter. It is also advisable to add a
little sodium sulphite solution to ensure that the last traces of
gold are thrown down. Should the solution be very weak in
cyanide it is advisable to strengthen it to about 0.05%, KCN
before precipitating. For 10 assay tons of solution Clennell?
recommends

Copper sulphate (10% CuSO0.5H:0)........... 20 ce
Sodium sulphite (16% Na,SOg)................ 20 ce
Sulphuric acid (10% H2SO4).................. 10 ce

These are added in the order given stirring after each addition.
The precipitate is then filtered, but washing is unnecessary.

When sufficiently drained 60 grams of the following flux are
placed in the same filter paper:

Boragem i s L T g s s B S e e i B 30 parts
Litharge......... S P T s L P A A 30 parts
Ohancoschsn S A3 Wt ) N AT e Sl 1 part

The paper is then folded up and fused down in a small crucible,
the resulting button of lead being cupelled.

Method No. 4 (Chiddey-Magenau).—To 10 A.T. of solution
(which if very weak in cyanide should be strengthened up to
about 0.59% by addition of the proper quantity of concentrated
solution) add 10 or 12 cc of a 10 per cent. solution of lead acetate
and about 0.3 to 0.4 gram of zinc dust: stir and bring to a boil.
Then add 15 cc of strong HCI and leave on the hot plate until the
excess zinc has all dissolved, when the beaker should be removed
and allowed to cool. Decant the solution and wash the spongy
lead several times in large volumes of water. The lead may then
be collected and pressed into a ball between the fingers. This
ball is then folded up in lead foil in which a vent has been left
for escape of steam, and cupelled.

Colorimetric Estimation of Geld in Cyanide Solution.—The
following method was devised by C. W. Dowsett, Mill
Superintendent of the Dome Mines in Ontario.

1 The Cyanide Handbook, page 517 (Second Edition).
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Take approximately 1000 cc of solution in a tight stoppered jar. A
Mason fruit jar or pickle bottle is convenient.

Add 2 to 3 drops of lead acetate. (Clear saturated solution.)

Add a pinch of zine dust. (Approx. 2 grams.)

Add 10 to 55 ce saturated NaCN solution to bring up to about 0.19%, KCN.

Shake well for about 20 to 30 seconds. :

Pour out into a large evaporating dish.

Settle and decant clear solution.

Add 10 cc aqua regia and evaporate to 3 cc.

Pour into small test tube and cool thoroughly. (Cooling is very important.)

Add a few drops of fresh, saturated, stannous chloride solution.

The presence of gold will be indicated by a purplish ring or, if the tube is
shaken, by a purplish tinge throughout.

The whole operation may be performed over a spirit lamp or similar
flame and does not take over 5 minutes. The presence of as little as 0.02
dwt. gold per ton of solution is very plainly shown.

Colorimetric Estimation of Silver in Cyanide Solutions.—A few
drops of a 109, solution of sodium sulphide added to 25 to 50 ce of
the solution to be tested, gives a pure white precipitate of zinc sul-
phidein the absence of silver. The precipitate becomes brownish
in the presence of silver, and the depth of color is a very close
indication of the amount present.



CHAPTER III
SAND LEACHING

Sand Leaching.—When the cyanide process was first intro-
duced its application was confined to leaching, that'is, treatment
by percolation. By this method only such material could be
worked as was sufficiently granular in texture to allow the neces-
sary amount of solution to percolate through it in a reasonable
time. By crushing the ore dry, it is sometimes possible to leach
it direct without removing the slime, butin the majority of cases
this is not feasible, and it is necessary to separate the sand from
the slime, leaching only the former and treating the latter by
agitation.

Separation of Sand and Slime.—In cyaniding the current
tailing produced by amalgamating or concentrating mills, a
rough separation of the percolable material was originally made
by running the pulp into pits where the sandy part was deposited,
allowing the slime to overflow and either letting it go to waste or
settling it in large dams from which the clear water could be
pumped back to the mill.

Later, a system was developed whereby the pulp from the mill
was led to collecting tanks, in which the sand was retained and
the slime flowed away, not yet to any method of treatment but
to storage dams.

There were two methods in use at this time in South Africa for
effecting the separation of the sand, one was by the Butters and
Mein distributor, and the other by the ‘nigger with a hose.”

The Butters and Mein distributor consists of a circular hopper
from which radiate pipes of various lengths and diameters, whose
extremities are bent horizontally at a right angle, and sometimes
flattened to produce a fan-shaped discharge. The length and
diameter of each pipe is so calculated as to deliver an equal ton-

59
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nage of pulp to a proportional ring-area of the tank. The hopper
is supported or suspended level with the top of a circular tank,
on a bearing, so that when the stream is led into it the discharge

F1c. 5.—Butters and Mein Distributor.

from the pipes causes the whole to revolve slowly, with the object
of making a uniform deposit of sand over the surface of the tank
bottom.

In the original form of this machine the tank was fitted with an
annular overflow launder, and was filled to the brim with water
before the pulp was turned into it. When in action, the sand
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sank down to the bottom, and the slime and surplus water over-
flowed into the ring-launder until the tank was filled with sand.
The drawback to this system as a separator of sand and slime was
that in the event of a shut-down of the mill all the slime in suspen-
sion above the sand settled down on it forming an impervious
layer.” The machine itself, however, has come back into favor as -
a method of filling a tank with sand from which the slime has
been previously separated, a function which it performs very
satisfactorily.

An improved form of this machine, when used asa separator,
consists in discarding the top overflow and making two or more
openings, capable of being closed by water-tight doors, in the side
of the tank near the bottom. On the inner side of the tank at
the point where the doors are placed an adjustable weir is at- .
tached, whose height of discharge can be raised as the level of
the sand rises, either by slipping narrow wooden slats into a pair
of grooves, or by rolling up-a canvas curtain over a wooden
grating. This system works fairly well, but has a tendency to
leave groove-shaped depressions containing solid deposits of
slime.

With the ““Nigger and Hose” system the pulp is led to a large
spitzkasten or spitzlutte where part of the slime and water over-
flows; the remainder or underflow discharges into a large rubber
hose leading to the sand tank to be filled. The tank, in this
system as in the one already described, is fitted with low exit
doors and adjustable weirs for the removal of the slime and water.
A Kaffir is stationed in the tank to keep the discharge end of the
hose moving from place to place so as to build up a deposit of
sand as evenly and as free from slime_as possible.

The quality of the charges produced by both these methods
is fairly satisfactory, but varies within wide limits according to
the diligence and efficiency of the shiftman. It is found difficult,
however, to get a satisfactory direct treatment of such charges,
owing to the density of packing and unhomogeneous nature of
the deposit, and they are almost invariably transferred to another
tank for the leaching treatment.
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Fia. 6.—Hamilton Collecting Tank,
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Fi1a, 7.—Distributing Pipes, Hamilton Collecting Tank,
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Hamilton Collecting Tank.—To obviate the erratic deposition
resulting from the Butters and Mein distributor, and to combine
the advantage of the hose distribution with that of automatic
and mechanical efficiency, the writer designed a collecting tank
in which the pulp entered at the periphery and the slime flowed
off at the centre. The intake of pulp was effected by a
mechanism similar to the Butters and Mein distributor except that
all the pipes were of the same length and extended almost to the
side of the tank, being bent at their extremities not at a right
angle but at 45 deg. so that the pulp would discharge against the
side of the tank without making any splash and yet exert suffi-
cient tangential force to cause the hopper to revolve on its ball
bearing.

The central overflow weir was circular and its height was ad-
justed to the rising level of the sand deposit by adding, period-
ically, tongued and grooved rings 124 to 2 inches in height
and thus gradually building up the discharge level until the tank
was full of sand.

During filling the pulp was thrown uniformly against the side
of the tank whence it flowed down vertically to the bottom, and
then toward the centre discharge, the sandy portion building
up in the form of an inverted cone, sloping toward the centre,
and the slime and water flowing over the centre weir. In working,
the sand surface was never allowed to become submerged except
for a few inches around the central overflow, so that the sand
particles could settle down one on another leaving the slime to
flow on over the surface till it reached the small tranquil pool
just around the overflow which served to trap and hold the finest
of the sand. Very little slime was deposited in this pool because
as the film of water and slime flowing over the inclined surface
converged toward the centre the velocity increased sufficiently
to hold the slime’in suspension until it had passed over the weir.
The tank was fitted with a filter bottom of the usual construction
but coned slightly toward the centre, for draining the charge
dry when collected.

This system proved a great improvement over previous
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methods especially in handling the fme material resulting from
tube mill regrinding, being capable of separating sand, a large
proportion of which was finer than 150 mesh and yielding a leach-
ing product containing only from 49, to 5% of slime uniformly
distributed through it. The following table gives a screen analy-
sis of sand charges collected by this system at a mill where really
fine regrinding was practised. This material when transferred

B SRl o et e T v A 0.0%
L @iktge. =N iR SRS | 2.99
=N B0EEL00 s S e R s A S e R 11.69%
100200, . wr. o) S S R g . 36.8%
=200 AN v b e e s R e 43.9%
Colloidalimatemalis: - st il e e SR 4.8%

to the leaching tanks percolated at the rate’of 114 inches an hour
through charges 3 ft. in depth.

Double Treatment.—In the course of experiments in direct
treatment it was found that when a charge was moistened with
cyanide solution before being transferred to the treatment tank
the extraction ‘was invariably better than when the first contact
with cyanide took place after transferring, and this was attributed
to the increased activity of the solution caused by the exposure
of the cyanide-coated particles of ore to the action of the air in
transferring. This discovery led to the universal adoption on
the Rand of the double treatment system of leaching, which was
the standard practice for many years and is largely made use
of up to the present time (1919).

At the Homestake mine where the assay value of the original
sand was so low as to make economy in handling absolutely neces-
sary to a commercially profitable treatment C. W. Merrill devised
a separating system whereby the double treatment was rendered
unnecessary. The principle involved was a complete separation
of the slime before collecting the sand leaching charge, and this
was effected by means of a series of Merrill Cones. This series
is composed essentially of two sets of gravity cones followed by
one set of smaller hydraulic cones, the underflow of each set
forming the feed of the next set in the series.
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The underflow or finished product from the hydraulic cones
passes to a Butters and Mein distributor tank of the original
type with peripheral overflow and the charge after collection is
so homogeneous and porous that leaching can be completed with-
out any transfer. The aera-
tion, which proved to be an
indispensable adjunct to the
successful treatment of this
ore, is effected by draining
the charge dry and introducing
compressed air under the
filter bottom for a set period
of time before applying the
first cyanide wash. The aera-
tion is repeated at intervals
during treatment, between
solution washes.

Caldecott’s Choke-dis-
charge Cone.—For making a
clean separation of the sand
Caldecott uses a cone with
a metal disc or diaphragm
fixed on the inside near the
apex. This disc may have
a plainor serrated edge and is
so placed as to leave an an-
nular space between its edge
and the side of the cone. At -
the apex is a plug cock or F1e. 8.—The Caldecott Cone.
other device for regulating
the rate of discharge. When working, the latter is regulated
80 as to maintain a solid bed of settled sand extending up to
within 10 in. of the overflow. Under these conditions a thick
sluggish stream of almost clean sand issues from the bottom
while the water and suspended slime overflows around the top.
The purpose of the diaphragm is to minimize the chances of a
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funnel forming in the bed of sand, through which the slimy
water would break and issue from the spigot.

As a certain amount of slime is entangled with the sand pro-
duced in this way, Caldecott recommends passing the product
to a second diaphragm cone with clean water to complete the
separation.

The sand from this second cone is run onto a revolving horizon-
tal vacuum filter where the residual moisture is reduced to a
minimum. At the completion of each revolution of the table the
drained sand is automatically scraped off into a hopper where it
meets a flow of cyanide solution, and the pulp thus formed is
pumped to a Butters and Mein Collecting tank with peripheral
overflow, as at the Homestake.

The advantage of the Caldecott cone over.the Merrill seems to
be in the possibility of a more complete elimination of the slime,
because in the latter the spigot discharge is free and it would seem
inevitable that more slime should escape with the finished
product than would be the case with a choke discharge.
When milling is done in water the Caldecott system also per-
mits of pulping the sand in cyanide solution before collecting
the leaching charge, and thus lengthening the time available
for contact.

Both these systems of sand collection utilize the earlier form
of Butters and Mein distributor tank, but with the important
difference that this apparatus is used exclusively as a collector
and not as a separator of sand from slime. The tank with its
annular overflow is filled with water or c¢yanide solution and the
clean separated sand is fed to the distributing hopper in a medium
of water or solution, the solids gradually replacing the liquid
until the tank is filled with sand.

The two main results accomplished by this change are first,
the impossibility of collecting a slimy charge provided that the
previous separation has been properly conducted, and second,
the formation of a sand charge of such uniform texture and per-
colating properties that the whole leaching treatment can be
carried out in the same tank, yielding the maximum extraction
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obtainable and obviating the cost of a transfer to another tank
during the treatment.

A charge collected in this way possesses superior uniformity of
structure and leaching and aerating qualities to one collected by
any of the methods using an adjustable overflow weir which keeps
the sand surface only partly submerged, on account of the differ-
~ ent positions assumed by the individual particles relatively to one
another in the two cases. When angular particles in a water
medium are rolled over one another or down an incline composed
of similar particles there is a strong tendency for them to come
to rest and find lodgment with their flat surfaces in contact with
one another, forming an interlocking and compact mass with a
minimum of interstitial spaces, whereas when they sink slowly
through a tranquil body of water they are likely to remain in the
relative positions in which they first come to rest and that will be,
as often as not, with angles in contact with plane surfaces, giving
more interstitial capacity and therefore making the whole charge
more permeable to solution and to air.

By this method a uniform mixture of coarse and fine particles
is also attained, and the deposition of patches, bands, and strata
of alternating coarse and fine material is avoided, thus allowing
of a uniform rate of percolation through every part of the charge.

The introduction of mechanical classifiers such as the Dorr,
Esperanza, Bayliss, Colbath, Akins, etc., affords a very convenient
and efficient method of applying this system.

In principle, of course, nothing could be simpler than a cone
classifier, but in practice it needs constant attention to avoid
irregularities in working, Bits of wood, waste, washers, nuts,
and various other articles have a way of inserting themselves in
the apex and if not at once seen and removed, throw that unit out
of commission for the time being. Hydraulic cones have a ten-
dency, too, to bank up gradually, even when the spigot discharge
is free and unobstructed, and generally require emptying at
intervals.

The proper working of the Caldecott cone, also, depends on a
close adjustment of the spigot discharge to the amount of inflow-
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Fic, 9.—The Dorr Classifier.
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ing pulp. Any falling off in the quantity of sand entering causes
a lowering of the sand level within the cone and finally a ““break-
ing through” or discharge of muddy water through the spigot,
while any sudden increase in the pulp supply raises the sand level
in the cone to a point where sand is carried over in the slime
product. This fluctuation is not so important when working
with large units which allow of a fair margin of variation, but
with small units canstant attention is needed in order to obtain
satisfactory work.

The mechanical classifier, on the other hand, provided that it is
not overloaded and that the ratio of liquid to solid is sufficiently

Fic. 10.—The Akins Classifier.

large to allow of the disentanglement of the sand from the slime
by the action of gravity, will perform its function efficiently
regardless of wide variations in pulp flow, and with practically
no attention.

A very satisfactory system of sand leaching by direct treatment
in use in at least one Mexican mill consists in separating the sand-
in a mechanical classifier, adding clear solution to the product
and passing it to a second similar classifier, and then transferring
from this by means of a stream of clear solution to a Butters dis-
tributor tank with peripheral overflow. When the tank is full
of sand the leaching treatment is proceeded with and completed
in the same tank, and the residue sluiced out of the dump,

5

\
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A useful form of classifier for thoroughly washing the sand free
from slime before discharging it into the Butters distributor for
this system of collection would seem to be the Dorr washing clas-
sifier which combines three machines in one, the first compart-
ment separating the sand from the slimey water or solution and
discharging it successively into a second and third compartment
containing clear solution which completes the removal of the
entangled slime.

The Leaching Treatment.—Leaching is usually carried out in
circular tanks of wood or steel with a false bottom covered with
some filtering medium. A grid is first made on the bottom of the
tank by laying wooden strips about 2 in. by 3 in. on edge, a foot
apart, and nailing across and on top of these, smaller strips
having a square section of 1 to 114 in., ahd leaving 1-in. spaces
between them. This grid is preferably made in sections suffi-
ciently small to be handled by two men, as it has to be lifted peri-
odically for the purpose of cleaning out accumulated sand and
slime that may have worked through the filter. On top of
the grid is laid a circular mat usually composed of ordinary
cocoa fibre matting, and on this a cloth of a texture fine
enough to prevent the passage through it of slime and fine
sand. The best material to use for this purpose is closely
woven jute cloth such as is used in Mexico and Central
America for sacking coffee for export. The material commonly
known as ‘““burlap” is not suitable as a top covering because
the texture is usually too coarse. Six- or eight-ounce duck
is often placed above the cocoa mat instead of jute and answers
the purpose well except that it tends to reduee the rate of
percolation considerably.

The top covering, whatever it may be, is securely fastened in
contact with the side of the tank, either by extending it a few
inches up and tacking a flexible strip of wood over it, or in the
case of a steel tank by driving a thick rope with a wooden caulk-
ing tool down between the grid and the side of the tank. For
this purpose the grid is made 2 in. smaller in diameter than
the size of the tank, and is enclosed by a continuous rim made
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from a flexible strip of wood, so as to give a solid backing for
the rope caulking.

A pipe, 124 to 2 in. in diameter, enters the tank through
the bottom for drawing off the solution. The system of con-
necting the outflow pipes from the whole system of leaching
tanks into a single header for conveyance to the precipitating
house is not recommended, as it makes control of individual
charges difficult both as regards sampling the effluent solution
and also adjusting its rate of flow. If the precipitation house is
at a distance from the leaching tanks, the individual pipes may
discharge through regulating valves into a small tank or box near
by, from which the solution may flow in a large common pipe
line to the extractor house. If it is desired to circulate two differ-
ent grades of solution, the small receiving tank may have two
compartments, and the solution from any tank may be readily
diverted to either compartment.

When the sand tank is filled and ready for treatment the solu-
tion may be run onto the surface of the charge and allowed to
percolate downward, or it may be introduced under pressure
beneath the filter and caused to percolate upward. The latter
method is chiefly valuable where the charge contains a large
admixture of fine material and slime, such as results when a dam
of accumulated tailings is dried and coarse and fine mixed to-
gether for treatment of the whole by percolation. Such a charge
might pack so densely under the influence of gravity percolation,
especially if drained dry after a wash, that no subsequent washes
would pass through, whereas by continuous upward percolation
and removal of the effluent from the surface a rapid rate of flow
may be maintained throughout the treatment. The usual
practice, however, is to apply the solution on top and let it gravi-
tate downward through the charge. It is often found a good
plan to fix a stand pipe of about two inches in diameter against
the side of the tank, the upper end terminating at the top and
the lower end extending down through the filter mat which is
tightly caulked around it. This acts as a vent for the air driven
down in front of the mass of descending solution, which would
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otherwise be foreced to escape upward through the sand in the
form of bubbles, thus forming channels and spoiling the uni-
formity of the subsequent percolation. The leaching cock is
better kept closed until the whole charge is saturated and the
solution stands permanently above the level of the sand. It
may then be opened and regulated to any desired rate of flow.
When the cyanide process was first introduced a great point
was made of letting the solution remain in contact for many
hours before drawing off. This soaking procedure does not seem
to have anything to recommend it, since diffusion is almost im-
possible during this stagnation period, and consequently the
film of solution in contact with the particles would soon become
saturated, and also denuded of its oxygen, with the result of
delaying rather than hastening the dissolution of the precious
metals. The idea underlying this practice was probably the
desire to effect the dissolving with as small a bulk of strong solu-
tion as possible, both as a means of saving cyanide and also of
obtaining a solution richer in the precious metals than would
otherwise be the case. A method of accomplishing this result
without retarding the dissolving action has been used with good
results in some mills, notably at Kalgurli, and El Oro, Mexico.
This consists in attaching a small air lift to the outside of the
tank, arranged so that as the solution percolates and reaches the
space beneath the filter bottom it is at once returned to the sur-
face of the sand. In this way a small bulk of strong solution is
kept circulating through the charge for as long as may be deemed
advisable, and in its passage is given an opportunity of taking up
oxygen to replace that which has been absorbed by the ore.
There are two methods in use for applying the solution. The
first is to pump it on as fast as it percolates, thus keeping the
charge always saturated or even covered, and the second is to
pump on enough to saturate the charge and cover it to a depth
several inches and then to drain it off and allow the sand to stand
dry for several hours before the next application of solution. The
second method is almost always preferable, because, except in the
case of highly oxidized gold ores, the circulating solution does not
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carry sufficient dissolved oxygen to satisfy the reduicing action
of the charge and needs to be supplemented by other opportuni-
ties for oxygen absorption. By draining dry between washes the
air is drawn down into the interstices of the charge as the solution
recedes, and finds ideal conditions for absorption. In the case
of very fine sand it is useful to apply a vacuum under the filter
to remove the excess moisture due to the increased action of
capillarity. When dealing with exceptionally reducing ores com-
pressed air may then be introduced beneath the filter, if necessary,
as is done at the Homestake. The system of draining dry be--
tween washes as compared with continuous leaching has been
known to result in an increased extraction of 259, under actual
working conditions on combined gold and silver ore.

The rate of percolation is usually measured by the number of
inches per hour that the level of the solution on top of the sand
falls as the wash percolates downward and flows out through the
discharge pipe. Generally speaking the finer the sand the slower
is the rate of percolation, but Julian and Smart! state that ““if an
ore be crushed to pass through an ordinary assayer’s sieve of 90
mesh and washed free of slime, a good leachable product may be
obtained, but if this fine ore be mixed with coarser particles,
percolation becomes slower than the average of the two sizes
treated separately.” The presence of slime, even when uniformly
distributed, has a serious retarding action on the rate of percola-
tion, especially when leaching fine grades of sand. The depth
of the charge is also a factor to be considered, there being a slight
retardation in percolation for every additional foot in depth. As
regards standard rates of percolation 3 inches and over per hour
is considered good, 114 inches fair, and 34 inch bad.

Retained Moisture.—The finer the sand the more moisture is
retained in the pores of the charge, but even with comparatively
coarse sand there is a zone at the bottom that will never drain
even approximately dry. This zone or layer is usually about 6
inches in depth regardless of the depth of the tank, and would
therefore suggest the superiority of deep tanks over shallow ones,

1 Cyaniding Gold and Silver Ores, page 54 (Second Edition).
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but against that is to be set the decreased rate of percolation as
already noted and also the superior opportunities for aeration in
a shallow charge. This wet layer at the bottom can be dried and
aerated by the application of a vacuum under the filter after the
solution has ceased to percolate by gravity. A vacuum used in
this way is especially advantageous in the leaching of clean fine
sand, which although it admits of rapid percolation by gravity
yet retains a disproportionate amount of moisture which can only
be displaced by pressure.

An important point in securing good leaching is to see that
the mats and filter bottom are kept clean and thoroughly
pervious to the solution. Sometimes the fine upper cloth may
take on a deposit of lime carbonate, especially if aeration by
compressed air is made use of, and im that case it will be
necessary to clean it with dilute muriatic acid. Even under
ordinary conditions the mats and the spaces underneath them
tend in time to get blocked up with fine slimy material and
require periodical cleansing.

The quantity of solution used during treatment varies from 34
to 114 times the weight of ore, according to circumstances, and
has to be determined by the metallurgist from economical
tests.

The solution strength is on the whole usually higher than is
used in agitation processes, and various strengths are used on the
same charge. When treating accumulated tailings, the common
practice is to begin with one or two weak washes so that the
cyanicides may expend themselves before the stronger solution is
applied. With freshly crushed ore, especially if milling or collect-
ing be done in cyanide solution, this is usually unnecessary and
strong solution may be added at once, with the advantage of
saving time and beginning the dissolving action as early as pos-
sible. The strength of this solution varies, but a concentration
of 0.3% KCN or 6 pounds per ton of solution is probably used
more often than any other.

The cyanide necessary to make up the stock solution to the
desired strength is best added before the wash is applied to the
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sand tank. 1t is a common practice to hang cans containing
lumps of cyanide in the stream of solution asit flows onto the sand,
but this method is not recommended as it cannot produce a wash
of uniform strength.

The most approved plan is to keep a solution tank expressly for
strong washes. The solution therein is tested once or twice a day
and the necessary quantity of cyanide placed in a basket hang-
ing below the surface. When the lumps are all dissolved the
contents of the tank are well mixed either by blowing compressed
air into it for a short time or by circulating with a centrifugal
pump. The resulting strong solution can then be pumped or run
by gravity onto the sand charges needing it.

Draining and Washing.—When all the soluble precious metal
has been dissolved the strong rich solution in the charge is dis-
placed by repeated washes of weak barren solution and finally
by a water wash. Julian and Smart’s experiments! go to show
that given a certain volume of wash solution available its dis-
placing efficiency is considerably increased by dividing it up into
a number of small washes rather than applying the whole of it
at once.

The quantity of water given at the finish is determined by the
amount of moisture held in the charge when drained and ready
to be sent to the dump, because although it would be desirable
to give sufficient to displace the whole of the cyanide solution
held as moisture, this usually could not be done without increas-
ing the total quantity of solution in stock, with the result that
the surplus would have to be run to waste, consequently only
such an amount of water is given as is just equal to the quantity
of moisture sent out of the plant in the residue.

It is advisable to assay the effluent solutions frequently
throughout the treatment, especially during the washing-out
stage of the process so as to observe the progress of displacement
of the value-bearing liquor and avoid losing dissolved gold in the
residues.

1 Cyaniding Gold and Silver Ores, page 58 (Second Edition.).
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Discharging the sand is done in various ways. Where water
is plentiful sluicing is a cheap and effective method. If this is
not available, the tanks are so constructed that cars may be run
underneath and the residue shovelled into them through doors
in the tank bottom. Where labor is expensive, the Blaisdell
excavating machinery in conjunction with a conveyor belt and
stacker is probably the most satisfactory way of disposing
of the residue.



CHAPTER IV
SLIME TREATMENT

Many definitions of the word “‘slime’” have been attempted
but the one that best expresses its meaning from a practical
point of view is that given by Park! that it is that part of the
pulverized ore that is not percolable on a commercial scale with-
out the use of pressure. The consequences of this definition are
that slime cannot be treated commercially by the same methods
as sand and requires entirely different handling. The funda-
mental constituent of slime is the amorphous or clayey matter
present in all ores to a greater or less extent and this is supple-
mented by varying amounts of exceedingly fine granular material
produced in the process of crushing or pulverizing.

For some years after the leaching process of cyaniding was well
established no feasible method was discovered for treating the
slime which had been separated from the percolable part of the
pulp: consequently the object of the metallurgist was to avoid as
much as possible the formation of slime in milling, and in so
doing there was a tendency to produce a pulp whose maximum
sized particles were too coarse to liberate the precious metals
and expose them to the action of the eyanide solution. With
the development, however, of successful methods of treating
the slime, the practice in milling was aimed more and more at
the production of a pulp fine enough to yield the maximum ex-
traction by cyanide.

This principle developed rapidly until the process of ““all-
sliming” came to be considered as the panacea for all the ills of
the cyanide process and in discussing the erection of a new mill
it was considered almost heresy to suggest the possibility that
“all-sliming ”’ might not be the most commercially profitable
method of treating the particular ore in question. The expres-

1 The Cyanide Process, page 129 (Fifth Edition).
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sion ““all-sliming”’ does not usually mean grinding everything to
a “slime” in the sense of the definition already laid down, but
merely grinding sufficiently fine to avoid mechanical difficulties
in the treatment of the whole of it by slime methods. In the
majority of instances the product of ‘“all-sliming’’ contains from
5% to 35% of sand that will not pass a 200 sieve; moreover,
a good proportion of the sand —200 sieve is perfectly leachable
if properly freed from slime, as has been already explained, so
it is fairly safe to say that of the usual ‘“all-slime”” pulp from 309,
to 509, does not come under the terms of the definition of slime,
that is, it would be perfectly practicable to leach it by gravity
on a commercial scale.

In many cases it may be just as effective and more convenient
to consider the ground produect all as “slime” and deal with it
ds such, but the writer has shown instances ‘where it was more
profitable to make a separation and treat the percolable part
by leaching. TFor example, in one ‘“all-sliming” mill the plant
capacity restricted the agitation period of each charge to 24
hours; this was sufficient to give a good extraction on the true
slime, but the fine granular material required considerably
longer. Here the general extraction was improved, the tonnage
increased, and the costs lowered by erccting a subsidiary leach-
ing plant and removing as a percolable product about 409% of
the finished pulp.

The question of “all-sliming” any given ore should be deter-
mined solely by commercial considerations. Extraction tests
will, of course, be made but it will not be sufficient for these to
show an increased extraction; the amount of such increase must
be weighed against the increased cost of treatment and an esti-
mate made of the probable net gain, if any. Xven when all-
sliming is indicated it usually will not be profitable in practice
to reduce the entire ore to accord with the definition of slime.
In pulverizing an ore the first thing to separate as a finished
product is the natural slime, next the most friable portions will
yield to disintegration, and so on, until there is left a residuum of
the toughest and most refractory material. This latter will
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circulate round and round the milling system, only a small
portion being ecliminated edch time as finished product. The
cost of reducing this residuum is disproportionately high and in
many instances will not result in a final profit.

It sometimes happens too that this tough residuum contains a
lower assay value than any other portion of the ore, making
it still more unprofitable to carry the process to a conclusion.

The amount of oversize finally allowed to pass to treatment will
determine the point as to whether it is worth while to separate a
part to be leached or to treat the whole by agitation.. As a rule
when the amount of coarse material is not sufficient to interfere
with the mechanical working of the agitators and yields its maxi-
mum extraction within the time available, it will pay better to
treat the whole as if it were slime.

What has been said thus far deals with those ores on which all-
sliming has been indicated as the ideal treatment. Statements
may often be read to the effect that while gold ores can be treated
advantageously by a combination of leaching and agitation, for
silver ores all-sliming is the only way to obtain a satisfactory
extraction. Like most generalizations, these statements are to be
received with caution. While it is probably true to say that
most silver ores require finer grinding than the majority of gold
ores, yet in the writer’s experience the silver ores that unquestion-
ably need ¢“all-slime”” treatment are in the minority. Very many
of them show no appreciable gain in extraction when the — 100
mesh mark has been passed, and with some the limit may be put
at —80 oreven coarser. In cases such as these it is difficult to see
any point in trying to make an ‘“all-slime’” product. 1If the
costs are increased (as they undoubtedly will be) without resulting
in any increased recovery, the commereial result will be a loss.

Even when the finer comminution does show a substantial
increase in extraction the coarser grinding may result in a greater
net profit on account of lower costs and larger output from any
given crushing unit.

If the degree of comminution decided on results in a pulp 50%
of which will remain on a 200 sieve, separation of the sand for
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leaching will almost always be advisable. Early in the develop-
ment of the cyanide process agitation methods were tried for
sand, but were abandoned on account of the expense and mechan-
ical difficulties involved, and the same objections hold good today,
though perhaps not quite to the same extent.

Coagulation of the Slime for Settlement.—Since the slime treat-
ment is conducted at a much lower ratio of liquid to solid than
that usually employed in the operations of milling and classifica-
tion there must be a dewatering of the slime between the mill
and the cyanide plant. Such dewatering is almost always
effected by settlement and decantation but owing to the invari-
able presence in the pulp of amorphous or clayey matter, it is
impossible to obtain a settlement accompanied by a clear effluent
liquor without the presence of some substance which will cause
a coagulation or flocculation of this clayey material. Such sub-
stances or the solutions resulting from them are known as electro-
lytes, in view of the electrical nature of the phenomena exhibited
by finely divided matter in suspension.

Action of Electrolytes.—The substance most commonly used
for this purpose is lime both on account of its cheapness and also
because of its usefulness as an alkaline protector for the cyanide.
Many other substances have a similar effect though varying in
degree, such as alum, caleium carbonate, sulphuric acid, ferrous
and ferric sulphate, and calcium sulphate. Lime usually forms
a coarser grained and more flocculent curd with a more brilliantly
clear supernatant liquor than any other electrolyte, but the pre-
cipitated mass does not settle as densely as that produced by
some of the others. Caustic soda in some cases acts as a coagu-
lant and while the liquor produced is not quite as clear as that
resulting from lime, the curd has a finer grain and settles more
slowly but much more densely. Sodium carbonate, on the other
hand, tends to prevent coagulation and renders clarification
almost impossible.

Addition of Lime.—When milling is done in cyanide solution
the whole of the lime necessary is usually added to the ore before
it enters the mill; by this means it gets pulverized with the ore
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and performs its function of protective alkali. Milling in water
is (1919) seldom employed except when it is desired to pass the
pulp over amalgamated plates before cyanidation. Even in these
circumstances the lime is often added in the mill, notably in the
Rand practice. When the method was first adopted there it was
strongly objected to by the mill men on the ground that it
hardened the amalgam. As soon, however, as they got accus-
tomed to the changed conditions, it was found that no detrimental
results followed; in fact, in some cases a marked increase occurred
in the amount of gold recovered on the plates due to an improved
amalgamation of the fine gold in the slime. As a consequence
certain slimes which it had been designed to treat by cyanide .
were now found to be low enough in gold content to be run to
waste. In other parts of the world the plan of amalgamating
in lime water has not commended itself after fair trial and the
necessary quantity of lime is added (usually in the form of milk
of lime) to the ground ore after amalgamation, or even later on,
as at the Homestake, after the separation of sand and slime.

The amount, of lime added varies of course with the ore, but for
satisfactory settlement of the slime a strength in the solution of
0.029, CaO is usually sufficient. When milling in cyanide the
quantity of lime maintained in solution is regulated rather with
a view to protective alkalinity and is usually considerably in
excess of the bare amount needed for slime settlement.

Thickening the Pulp.—The slime pulp on leaving the sand
classifier with its proper admixture of lime is first led to some
form of thickening device if, as is usually the case, the ratio of
liquid to solid is too large for economic handling in the cyanide
treatment. The form of thickener almost universally used in
the early days consisted of a large spitzkasten composed of a
number of pointed boxes arranged as a unit 1n such a way as to
give a continuous superficial area.

At the Minas Prietas plant of Chas. Butters and Co., capable
of treating 9000 tons of mixed sand and slime tailings per month,
the slime spitzkasten was 36 ft. by 42 ft. composed of 42 pointed
boxes 6 ft. square and 4’ 9" deep; at the apex of each box was g
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nipple and hose discharging into a common launder. The slime
pulp entered by a launder stretching from end to end along the
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centre line with small holes bored at intervals for the exit of the
pulp, and the clear solution overflowed a weir at both sides, so
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that on each side of the feed launder there were.three rows of
seven boxes for the settlement of the slime. The overflow weirs
were raised sufficiently to submerge the partition walls of the
various compartments to a depth of nine inches, giving a continu-
ous surface area of solution of 1512 sq. ft. and a depth of 5’ 6”
from the apax of each compartment to the surface of the solution.
The apex discharges of the two rows nearest the intake were
allowed to flow continuously, the discharges of the second rows
were closed off part of the time and the third rows were only
opened for a few hours each day, the general regulation being so
arranged as to give as thick a pulp as possible in the underflow
while maintaining a clear overflow for return to the mill (or in
this particular instance, to the pulping tanks).

This thickened pulp was at times further dewatered in a collect-
ing tank, usually a large circular tank with peripheral overflow
and fitted with mechanical stirring arms. The pulp enters at
the centre and when the tank is full the slime settles and a clear
liquor overflows into the ring-launder to be returned to the mill.
The pulp continues to flow in until the tank contains sufficient
slime to constitute a treatment charge, when the stream is
diverted to another collecting tank.

A very efficient modification of this type of collecting tank
is the Dorr thickener. The entry of pulp and overflow of clear
liquor are the same but in the Dorr system the thickened product
is continuously removed from the bottom by means of slowly
revolving rabbles which convey it to the centre where it falls into
a discharge pipe whose aperture can be adjusted to regulate the
speed of outflow. The device works smoothly and continuously
and has superseded all the older methods for thickening slime
pulp.

Regarding the capacity of Dorr thickeners J. V. N. Dorr in a
paper presented to the American Institute of Mining Engineers,
August, 1914, says, .

“The capacity of Dorr thickeners has been found to be primarily

a function of area, although the depth of the tank has an influence
depending on the dilution of the feed and the dilution of the underflow
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desired. With a given area and depth and a very dilute feed and
underflow, the capacity depends on the amount of liquid that can be
clarified; i.e., additional solids, but no additional liquid, can be added
to a tank already fed to capacity without overflowing slime. On
the other hand, with a feed perhaps 8 of liquid to 1 of solids and a
thick discharge of 2 to 1 or less, it will be found usually that addi-
tional liquid can be added to a thickener operating at capacity without
overloading it, but any addition of solids will cause slime to overflow.”

In actual practice the area per ton of solids thickened per 24
hours averages about 4 sq. ft. for an ordinary silicious ore slime,
but may rise as high as 10 to 15 sq. ft. in the case of light argillace-
ous slime.

The subject of the rate of settlement of slires and the calcu-
lation of the area and depth required has been developed in con-
siderable detail in a paper by H. S. Coe and G. H. Clevenger.!
Their investigations show that slime pulp in process of settling
passes through two main phases, that of ‘“‘free settling”’ and that
of ““compression,”’ the two zones being separated by a transition
zone.

By the phase of ‘“‘free settlement’ is meant that condition of
density in which the flocks or curds of colloidal matter that are
produced by the electrolyte are sufficiently dispersed to settle by
gravity unhindered through the liquid in which they are sus-
pended, such settlement taking place at a constant or gradually
diminishing rate until the critical point is reached, at which point
the phase of compression begins. The ‘“hindered settling” or
compression phase is that in which the flocks have drawn so close
together that no further settlement can take place without a
compression of the flocks themselves, the liquid displaced in the
process having to force its way out of the compression zone by
forming channels therein leading up into the higher zones. It is
thus apparent that in calculating the cubic capacity of tank
necessary for any given slime these two separate factors have to
be taken into account and separately determined.

In regard to the determination of the critical point dividing

! Transactions A, I. M. E,, Sept., 1916,
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free settlement from compression, it is not always easy to reach
aconclusion. Indicationsof thelatter phase area marked retarda-
tion in the settlement rate and the formation of channels of
" clear solution through the mass of solids. Referring to the
characteristics of the pulp while still in the free settlement zone
the authors of the paper referred to say ‘‘ordinarily the latter
point is indicated by the evenly flocculated appearance of the
pulp surface, without channels of fluid coming through, and by
the uniform texture of the pulp as seen in a glass cylinder.”

For determining the settling area necessary the Dorr Company
gives the following outline instructions adapted by members of its
staff from the paper referred to. It should be remembered,
however, that the conditions of different ores are so varied that
it is difficult to give a short and concise method of procedure
applicable to all cases. Two rules should be carefully observed:
one is that the sample should not be allowed to dry either by heat
or by atmospheric evaporation between the time it is taken and
the time the tests are made: the other is that to insure representa-
tive results it is not sufficient that the ore should be crushed to
the desired fineness but that it should also be subjected to con-
ditions of agitation similar as regards time and method to those
which are to obtain on the milling scale.

“When a mixture of liquid and solids is fed to a Dorr Thickener at a
certain dilution say 5:1 (liquid :solids) and the discharge at the bottom
contains 509, moisture or a dilution of 1:1, the pulp in settling from
5:1 to 1:1 passes through all the intermediate dilutions 4:1,3:1,2: 1.

‘At different depths in the Thickener there will be different dilutions
or zones of pulp. One of these zones will have a smaller capacity
and so require a larger settling area than any of the others and so the
amount of solids fed to a given tank cannot exceed the capacity of that
slowest zone and the area must not be smaller than the area necessary
for the slowest zone,

“To test for the size of a Thickener unit then, pulps are made up of
different dilutions between the dilution of feed and the dilution of dis-
charge. These pulps are put in 1000 ce. graduates and shaken. The
rate of settlement of each pulp for 10 minutes is noted and these observa-
tions checked by shaking and settling again.

6
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“Having obtained these dilutions the area required per ton of solids is
caleulated by the formula

1.333 (F — D)
o8 R

“Where A is the area in sq. ft. per ton of solids per 24 hours, F is the
ratio of solution: solids which settle at the rate of R feet per hour and
D is the ratio of solution: solids in the discharge required from the
Thickener. 1.333 is 2000 <+ (62.5 X 24) which is a factor necessary
in order to get the desired units.

“F and R are determined then for each graduate and the area required
for each dilution calculated. The largest calculated area will be the
unit area necessary and this multiplied by the tons of solids to be thick-
ened per 24 hours will give the total settling area necessary.”

(1) Take 1000 ce of pulp feed to Thickener.

A. Put above in a 1000 cc graduate.

Shake.
Allow to stand and note readings between pulp line
and clear solution.

A

Atend of shaking................................ 1000 cc
After 2 minutes........................... G A R —cec
After4 minutes.............. ... ... ... ... ... —ce
After 6 minutes............ ... ... .. ..., ——cc
After 8minutes............... .. .. .. .. ... ..., — ceC

B. Decant 150 cc of solution.

Shake.

Atend of shaking................................ 850 cc
After 2minutes............ .. ... ... ... ... ........ —— cc
After4 minutes.................... ... ........... ce
After 6 minutes.............. .. ... .. ... ... ——ce
After 8minutes...................ciiiiiiai... —cc

C. Decant 150 cc of solution.

Shake.

Atendofshake........... ... ... ... ... ... .. ... 700 cc
After 2 minutes...........co.i it eanninanan.. — CC
After 4 minutes............ ... ... ... . ... ... ... —cc
After 6 minutes........... R S St — cC
After 8 minutes............... ALOR SRR PP —cc

Weight of dry solids in graduate
Number of cc corresponding to 1 foot of length of graduate
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(2) Take 1500 cc of pulp feed to Thickener. 2
Allow this to settle and decant 500 ce of clear solution.
Put remainder in 1000 cc graduate.

Shake and on standing note readings below.

A tendsoRsnalang. . 5 5L e T s s T
A 2T TGOS AR o 3 ga ot e S St e e s ooy ol o s
ANt AR B, L e e e L e
ST (6 T T ok S A S S A S S S
) 3000 LT D e R s S A e o S A W O

B. Decant 150 cc.
AN XIS I AKITE s S e 1 o ddad T s T e
TR ol e 1b e PRl SR LR I P S P W S
S e B 0L DN e e e A e S T B s e O
ST (o (T LAV K e o e T
AL & TN T E8 Y r. F gse 0 i weie b S N, i

C. Decant 100 cec.

At end of shaking..... ot RS s ) i N e,
(S a0 TR Pk S 15 s S o e S R
AT A TN bEST ., e .o - RAPALREL JFC T s
AT teri6: minufestls. Mo e P - S . L
AfeneSIminutesE ey LN S . AR e

Weight of dry solids in graduate

Number of ce of dry solids corresponding to 1 {t. of length
in graduate

(3) Take 2000 cc of pulp feed to Thickener.

Allow this to settle and decant off 1000 cc of solution.

Put remainder in 1000 cc graduate.

Shake and on standing note readings below.

A. At end of shaking

After 2minutes................c0oiinitennnninn.
After 4 minutes.......................... ALY
After6 minutes........... ... ... ...
After 8 minutes......................... 510 0 5. A0y 0o

B. Decant off 150 cc of solution
Shake. -
At end of shakiflg ................................
After 2minutes.. ...t
After 4 mINULES. . ... e cme s G . s ot e AN
After6minutes:............. ..o iii ianin s
After 8 MINULEB. o\ oo v cre v v vvnoevt v vais o s s

83

850 cc
cc
——cc
cc
—cc

750 ce
——cc
— cc
ce
cc
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C. Decant off 100 cc of solution

Shake.

Atiendjof Bhaking. . . . .o S A 750 cc
After' 2 minutes?. L5, . . 1. S st St et Il S —cc
After-d MINUTES e oot o bR it R ASE S S Ll —cc
After GEmInTtes . &, 51 T e e R RS Se — ce
AN B M DTV [6 1T (el O et 22 15 Tt e o S LN o %2 —cc

Weight of dry solids in graduate
Number of cec corresponding to 1 ft. of length of graduate

It will be noted that the successive decantations of clear por-
tions of the solution are a convenient method for making the pulps
of different densities.

The ratio of liquids to solids at each density is found by cal-
culation from the specific gravity of the dry slime which must of
course be determined. For instance, in the case of (1) A: assume
that when the reading is taken the line of pulp has settled to 800
cc and that the weight of dry solids present found by subsequently
drying the whole is 190 grams. Then if the specific gravity of
the dry slime be taken at 2.6 and that of the liquid as 1 the ratio
of liquid to solid in the 800 cc of pulp in the cylinder will be
found as follows: the 190 grams of slime being 2.6 times heavier

than water will occupy the space of 56— 73 cc of water in the

cylinder: then 800 cc of water less 73 = 727 ce, so that at the
800 cc mark there are 727 grams of water and 190 grams of dry
slime, the ratio of the two being 727:190::3.8:1.

Note.—After each shaking it is well to allow the cylinder to
stand for from three to five minutes before beginning to time
the settlement so as to allow the colloids time to assume the
flocculated condition which allows settlement to begin. 1t
will often be found that if the timing is started immediately
after shaking the settlement during the second five minutes
will be considerably more rapid than during the first five
minutes, the second reading being therefore more representative
of working conditions.

The second or compression phase of settlement cannot be
determined by this formula so it is very important that the fore-
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going tests should not be carried beyond the critical point or the
end of the phase of free settling.

Determination of D (the ratio of solution to solids in the
discharge required from the thickener). There is a point of
maximum density beyond which any given slime will not settle
and it is of course useless to require a discharge of greater density
than this. In the Dorr Company’s instructions already quoted
this point is determined as follows:

“The dilution of discharge “D’” that can be expected may be deter-
mined by allowing a pulp of consistency about 3:1 to.stand about 48
hours in a graduate stirring gently with a glass rod every four or five
hours.” For instance,

““ Take 1000 cc of pulp at approximately 3: 1.

Shake.

Allow to stand.
120 ke LI T Y o, APl 6 e e o R e ] e o - 1000 cc
After 34 hour........ ol RIS S A S A A0 cc
ATCEEN M OUEY 220 0 s oo o A o et s S ce
/AT S 1010 ) N e R s ol A A ce
After Lhour.......................... 50 Mot o W U I — cc
After 134 hours......... ...t —— cc
TG A Y010 B g e A L o B N — cc
After 4 hours........... 2 el e SR - A P SR R Y. —— cc
After 8 hours. .. ... ottt e — cc
AFEY 12 HOUTS. . .o oovvevet et ea e oot e s —cc
After 16 hours. .. ...oovvet ettt ce
After 20 hours. .. ... oo ce
After 24 hours. . ... viuer et e —cc
After 36 hours.. ... ...ttt e — ccC
After 48 MoUTS. . .o v it e it e e ce

Note.—After each reading decant as much clear solution as
possible.

Dry weight of solids in graduate . _—
Number of cc corresponding to 1 foot of length of graduate -

Then if the slime needs 36 hours to attain its maximum density or
the density required, the cubic capacity of the thickener must
be sufficiently large to retain any given portion of the pulp in
that tank for the period ascertained as necessary by the test.
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The following example is given by Coe and Clevenger on a pulp
that required 4.31 sq. ft. of area per ton of solids per 24 hours
for free settlement. A compression test was made in acylinder
12 in. deep with a 3 to 1 pulp, giving these readings:

Time of thickening, hours Consistency fluid to selid

D
o b
R GO Ov =Y
RSGD S
TR o R ey

1
1

“Since an area of 4.31 sq. ft. is required per ton of solids per 24 hours
the total solids per square foot retained in the thickening zone must be
19 X 2000
24 X 4.31
required a 5-hour supply of each of the pulp consistencies, 1.16 to 1,
1.275 to 1, 1.47 to 1, and a 4-hour supply of a 1.7 to 1 pulp.

“The solids per cubic foot in the above pulps are 43.2 Ib., 37.6 Ib.,
33.7 1b., and 30 lb., respectively. The depth of each class of pulp would
therefore be 2.23 ft., 2.57 ft., 2.87 ft., and 2.58 ft., or a total depth of
10.25 ft. To this depth must be added afoot for the loss due to the
pitch of the drags in the thickener and 1.5 ft. for the depth of the feed,
since the feed is thick and the volume will be proportionately low. The
total calculated depth of the tank would be 12.75 ft. If proper allow-
ance were made for storage capacity. the tank might be inconveniently
deep. In this case it would be better practice to make the tank 12 ft.
deep and make various allowances for additional capacity by increasing
the diameter of the tank to give a 30 per cent. increase in area.”

= 367 1b. or 19 hours supply per square foot. There is

In regard to the practical operation of Dorr thickeners the'
writer has observed in some instances a tendency on the part of
the operator to extend the vertical intake cylinder down from
24 to 34 of the depth of the tank, under the impression that the
settlement would be helped thereby, the idea apparently being
that if the slimeisfed to thelower part of the tankit will stay there.
This practice, however, defeats its own object and changes the
apparatus from a settler into a classifier. The reason of this
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will be seen from the diagrammatic sketches, Figs.”12 and 13.
Fig. 12 illustrating the incorrect arrangement shows how the
deep cylinder destroys the tranquility of a large part of the tank

il

; S
CORRECT METHOD
Figs. 12 and 13.—Sketch of Dorr Thickener.

charge causing upward currents which tend to raise and carry
off the more flocculent material, and reducing the available set-
tling capacity of the tank. Theaction may be compared with that
of a spitzlutte, wherein the further the baffle-plate is lowered
the greater is the velocity and lifting power of the current in the
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lower part of the box. Fig. 13 shows the more approved ar-
rangement in which the intake cylinder extends down only from
12 in. to 18 in. below the surface or just sufficient to prevent the
surface disturbanee which would be caused by the inflowing pulp,
such disturbance being further minimized by allowing the stream
to fall onto a deflecting board, either floating on the surface or
fixed close to the surface. This deflector is made of smaller
diameter than the cylinder so as to allow an annular space for
the pulp to pass downward into the charge. It may also be
made in the form of a shallow tray with holes bored all around
the vertical sides, and this plan works well when a screen is
used to intercept waste and other matter which would tend to
block the holes. :

Slime Extraction Treatment.—There are two different princi-
ples applied to the treatment of slime, (1) agitation, (2) leaching
in thin cakes by pressure. Of these two the first is in almost
universal use. One of the earliest attempts to cyanide slime was
that of Charles Butters who devised a combination treatment
whereby the pulp was agitated by stirring arms in a tank fitted
with a filter bottom. When the dissolution of the gold was com-
plete, the charge was allowed to settle, and while the clear solution
was being decanted a vacuum was applied under the filter to
reduce the moisture in the mass of settled slime. The latter
feature was, however, soon abandoned and simple agitation,
settlement, and decantation resorted to.

John R. Williams in his system of agitation dispensed with the
stirring gear and substituted a method of transfer from tank to
tank in contact with cyanide solution by means of centrifugal
pumps. His tanks were made with a moderately conical bottom
connected at the centre with a centrifugal pump. When a
charge of thickened slime had been collected and the surplus
water decanted the pump was started and at the same time a
stream of weak solution was played on top of the charge diluting
the pulp and washing it into the pump which delivered into a
second similar tank. If this treatment was insufficient to dissolve
all the gold, the operation could be repeated as often as necessary.
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Both the Butters and Williams methods gave good results on
the Rand and were developed simultaneously.

Aeration.—In the treatment of the accumulated slime from
the storage dams on the Rand it was soon found that a very poor
extraction was obtained by the methods that were perfectly
satisfactory for the fresh or current product. This was traced by
‘W. A. Caldecott! to the formation in the dams of products of
partial oxidation, among which were ferrous sulphate, ferrous
sulphide, and sulphuretted hydrogen: these being strong reducing
agents abstracted all the free oxygen from the solution and
checked the dissolution of the gold. When, however, they were
thoroughly oxidized by blowing air through the pulp before it
came in contact with eyanide, a normal extraction was obtained
in the subsequent cyanidation.

To introduce the necessary air into the pulp H. T. Durant
inserted a small automatic valve into the suction of the cen-
trifugal pump so that by slightly choking the flow of pulp in the
main suction line the little ‘“snifter valve” would admit a con-
tinuous current of atmospheric air. This air in passing through
the rotor of the pump was broken up and atomized in such a way
as to render it very effective for the purpose in view.

In practice, the snifter value needed constant attention -to
secure a steady supply of air and for mechanically stirred tanks
a widely adopted substitute, in cases where an additional amount
of aeration is needed, consists in fitting a small air lift against the
inner side of the tank. This gives excellent aeration, rarely gets
out of order, and consumes very little power. One length of six-
inch pipe discharging through a tee or ell just above the surface
of the pulp is usually sufficient to aerate a charge of 80 to 100 tons
of slime with a three to one dilution.

Agitating Devices.—Although the old form of mechanical stir-
ring ag tator is (1919) rarely installed in a modern plant it is not
to be despised being a simple and efficient device for agitating
slime pulp. The main points to be observed in the construction
are (1) to see that the gears and clutches are sufficiently heavy,

1 Proceedings Chem., Met. and Min. Soc. of S. A., July, 1897.
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(2) that the paddles or arms are set sufficiently high above the
bottom to be above the level of any mat of sandy material that
may separate out.and collect on the bottom when agitation is

ELEVATION
MECHANICAL AGITATOR

MOSHER AIR SEALED STAR
FOOTSTEP

Fra. 14.—Original Mechanical Agitator.

stopped for settlement and decantation, and (3) that the speed of
the paddles is sufficient to pick up and pulp all such settled sand
when the agitator is again set in motion. For this purpose the
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speed should be not less than
700 feet per minute at the tip
of the paddles, which should
extend out as near as possible
to the periphery of the tank.
With these precautions the
mechanical agitator will give
good service with a minimum
of trouble and repairs, even
when treating pulp contain-
ing a considerable proportion
of sandy material. Thepower
consumption, including line
shafting, works out at from
five to seven h.p. for a 100-ton
charge, and from ten to twelve
h.p. for the first fifteen min-
utes after starting.

The next important de-
velopment in methods of
agitation was the Brown
Agitator commonly known in
America as the Pachuca tank.
It consists of a vertical
cylinder whose height is
about five times its diameter
and whose bottom is formed
of a cone of 60 degrees slope.
Braced vertically in the centre
of this cylinder is a smaller
one whose diameter is 114
inches for everyfoot diameter
of the larger one. This small
cylinder is open at each end
and extends downward to
within 18 ‘inches of the apex

F1e. 15.—Brown or Pachuca Tank.



92 MANUAL OF CYANIDATION

of the cone and upward to within 18 inches of the top of the tank.
At the centre of the lower orifice of this column is a small pipe
which admits a jet of compressed air, forming an air lift which
draws the pulp into'the column and elevates it to the top,
where it overflows into the surrounding space formed by the
larger cylinder, causing a continuous vertical -circulation
throughout the time of treatment.

As regards the position of the air jet the most modern practice
is to insert the air pipe into the top of the central column and
carry it down only about 14 of the depth of the tank. This
method has the advantage of reducing the initial air pressure
necessary to operate the air lift and also eliminates trouble in
blocking of the orifice, a trouble which in the original plan
necessitated the use of a self closing ball valve or some such
device.

In some plants the Pachucas are operated without the central
column, but the method does not seem to have much to recom-
mend it, as there is little doubt from figures obtained by the
writer that the circulation and admixture of the pulp is less
complete, and the consumption of air greater than when the
column is used.

The following data are given by F. C. Brown in an article in
the Mining and Scientific Press of September, 1908.

“The following figures relating to the air and power required are from
actual working conditions extending over long periods, ranging from
6 to 18 months:

1. A tank 7 ft. 6 in. diameter by 37 ft. was used for treating slime,
and required from 4 to 6 cu. ft. of free air per minute, at a pressure of
22 1b. per square inch. The charge of slime was 15 tons (dry weight),
and the horsepower was from one-third to one-half.

2. The same size of tank, treating finely ground concentrate, requires
15 to 20 cu. ft. of free air per minute, at a pressure of about 26 Ib. per
square inch. This quantity of air gives a thorough agitation with
a charge of concentrate of 35 to 40 tons (dry weight), with 114 to 2
horsepower.

3. An installation of 10 tanks, each 10 by 39 ft., treating slime,
requires 88 cu. ft. of free air per minute, at a pressure of 23 lb. per
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square inch. Each tank holds a charge of 35 tons (dry weight), and
requires 34 hp. per tank. . :

4, Two tanks, 13 by 55 ft. treating slime, require 32 cu. ft. of free
air at a pressure of 33 Ib. Each tank holds 110 tons dry slime. The
horsepower consumed is 134 per tank.”

While the Brown tank is a simple and effective appliance and
is capable of good work when its idiosynerasies are understood,
the disproportionate amount of head room needed has always
been considered one of itsdrawbacks. Moreover, it isnot suitable
for settlement and decantation processes and when thickening of
the pulp is necessary after agitation it is usually done in sub-
sidiary thickeners. Another point that has always seemed to
the writer a defect in the system is that since air is the sole
instrument of agitation a certain minimum amount cannot be
dispensed with regardless of whether such amount is necessary
or desirable for the dissolving treatment or not. In many cases
the minimum quantity of air necessary for agitation is many
times greater than that needed chemically and the surplus may
act adversely in consuming cyanide and lime or may even produce
undesirable changes in the ore itself. Still, in spite of all
objections the Brown tank is a valuable development in the
treatment of slime and its use (1919) has extended to all parts of
the world. The loss of head room involved in using the Brown
tank for individual charge treatment is obviated by the “continu-
ous method”’ in which the pulp leaves the Series of tanks only afew
feet lower than the level at which it enters. This is described
more fully in the section on continuous treatment.

A more recent agitation system and one that, perhaps, has less
defects than any other so far devised, is the Dorr agitator. The
main objection to it, if objection it be, is the fact that it is not
suitable for the charge system of treatment and is almost exclu-
sively employed for the ‘““continuous method’” which will be
described later. It is essentially a development of the Dorr
thickener, the difference being that the rakes revolve at from one
to three times per minute instead of once every five or ten minutes.
The central shaft consists of a pipe which is made to do duty as a
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small air lift, discharging the pulp into a pair of launders attached
to the mechanism and revolving with it. These launders are
perforated at intervals so that the pulp is deposited over the
whole surface of the tank very much in the manner of the
Butters distributor.

Fra. 16.—Dorr Slime Agitator.

The Dorr agitator is operated as follows: the pulp, of the
required density, flows in continuously at a point in the periphery,
and is led bya downcast launder almost to thebottom. There
being no agitation of the charge as a whole, the solids tend to
settle and distribute themselves over the bottom, where they are
slowly scraped by the rakes to the centre and elevated in the.
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form of fluid pulp to the revolving distributor launders and
deposited on top of the charge, again sinking down to the bottom
to be subjected to the same action. In this way a vertical cir-
culation of the ore particles through the comparatively stationary
solution takes place giving (at least theoretically) a more rapid
individual motion relatively to the solution than occurs in systems
‘where the whole pulp is in agitation simultaneously. While this
is going on a continuous stream of pulp is flowing out at a point
on the top of the tank opposite the inflow and maintaining a
constant level of pulp in the tank.

Another feature claimed by the inventor is a “selective agita-
tion” of the more sandy part of the pulp, the theory being that
the larger and heavier particles, those therefore that require longer
time for treatment, sink more rapidly and circulate more often
than the lighter particles and also remain longer in the tank.
The latter point is a little puzzling when it is remembered that
just as much coarse material must be found in the outflow as there
is in the inflow in order to prevent a gradual but continuous
increase of sand in the tank, but this is not incompatible with
there being continuously present in the tank a larger percentage
of sand than is to be found either in the inflow or outflow. It is
difficult to say how much practical importance is to be attached
to this phenomenon but that it has an actual existence is claimed
to have been sufficiently proved. According to Dorr the mechan-
ical power taken varies from 14 to 2 or 3 hp. according to the
size of the tank, the speed, and the nature and dilution of the
pulp handled. The air required is from 8 to 40 cu. ft. per minute
at 10 to 20 lb. pressure.

Among other devices for agitation which have attained to
some prominence are the Trent agitator, the Parral tank, the
Hendryx agitator, and the Devereux agitator. The first of these
consists of a submerged mechanisin somewhat on the prineiple
of the Butters distributor. A watersealed chamber on ball bear-
ings is placed on the bottom of the tank at its centre and several
pipes of different lengths radiate from it, whose ends are turned
at a right angle. A centrifugal pump is placed outside the tank
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with its suction connecting with the pulp near the surface and its
discharge entering the central chamber and finding its way out
through the radial pipes, the tangential force causing the whole
to revolve slowly. One of the chief objectionslayin the inaccessi-
bility of the mechanism in the event of stoppages or blocking of
pipes, but this has been largely overcome by J. A. Carpenter who
has devised a method of elevating the whole of the moving parts
for repairs by means of a tackle and replacing them without
emptying the tank.

The Parral tank, devised by Bernard MacDonald and named
after the town in Mexico where it was first used, is the result of a
desire to apply the good points of the Pachuca to a tank of more
normal proportions and less head room consumption. 1n any
tank of ordinary dimensions are placed 4 air lifts spaced at equal
distances around the periphery and discharging tangentially
through a tee or ell, so that the flow will be in the same direction.
This action of the discharges imparts a rotary motion to the pulp
which it is claimed is sufficient to hold in suspension an admixture
of a considerable amount of sandy material. The centre being
a dead point there is, of course, a tendency to build up a cone of
solid material there and in more recent installations the tank is
fitted with an artificial cone to take the place of this accumulation
of solids.

The Hendryx agitator is somewhat like the Pachuca except
that instead of using an air lift, the ascending motion is imparted
to the central column of pulp by means of mechanically driven
screw propellers.

The Devereux Agitator is operated simply by a comparatively
small propeller traveling at a high speed. The tank used is of the
usual type, but with a slightly conical bottom. The following
dimensions are given in an article by Roscoe Wheeler in the
Engineering and Mining Journal of July 15th, 1916; a 34-foot
diameter tank with 5-ft. propeller revolving at 80 to 100 r.p.m.
handles from 80 to 165 tons of dry slime at a charge with a dilu-
tion of 2 to 1. The maximum horsepower under these conditions
is 12,
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A 30-ft. diameter tank with 4-ft. propeller revolving at 80 to 100
r.p.m. at a maximum horsepower of 10 will handle 138 tons of
dry slime at a dilution of 1.7 to 1.

It is claimed that there is no dead point in the tank and there-
fore no deposit of slime in any part of it and that there is no
difficulty in getting the whole of the charge mixed and in eircula-
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Fia. 17.—Devereux Agitator.

tion in a short time even after a prolonged shut down. An impor-
tant feature is said to be the baffle which is used to break the
vortex which would otherwise retard the velocity of the pulp and
decrease the scouring action. Sufficient air is said to be drawn
into the charge by the motion of the pulp to supply all the
oxygen needed for chemical purposes, the amount being regu-
lated by adjustments of the baffle. = A subsidiary baffle for use
7
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during charging is provided, the same operating on hinges and
being drawn up out of the pulp as soon as the tank is full.

Cyanide Strength.—The best conditions under which to con-
duct the treatment can only be determined for each ore by care-
ful experiment both in the laboratory and later in the working
plant. Cyanide strength varies greatly; on the Rand the most
usual strength is from 0.0059, to 0.029, KCN or 0.1 1b. to 0.4 1b.
per ton of solution. All-gold ores can usually be treated with
much weaker solutions than silver-gold and silver ores. = For the
latter the writer has found that the maximum extraction can
rarely be obtained with a treatment solution of less than 0.19
KCN or 2 Ib. per ton of solution, while if time of treatment is
unduly limited, even higher strengths are advisable. In Pachuca
strengths of solution up to 0.49, KCN and over are frequently
used.

Dilution of Pulp.—On this point also wide variations ocecur in
practice. Theoretically the thinner or the more dilute the pulp
is the more rapid will be the action on the precious metals. Ex-
periments by Julian and Smart* showed that taking the rate of
dissolution of gold in cyanide solution alone as 100 a pulp density
of 6 of solution to 1 of slime gave a rate of only 58.6, and so op in
gradually diminishing amounts till a 1:1 dilution showed only
a rate of 20. They account for this by the retarding influence of
viscosity on the movement of the K and CN ions. In practice,
however, the increased cost of handling and precipitating large
volumes of solution has to be offset against the increased extrac-
tion and an economic basis arrived at.

In any case the theory above stated does not always work out
in practice, and at present the ratio of solution to ore in greatest
favor lies between 114 and 2 to 1.

1t may be noted that the pulp from an all-agitation mill, that
is, a pulp with a high percentage of sandy material will call for a
lower ratio of solution to ore than a slime pulp from which the
granular material has been separated for leaching. A separated
slime may need a ratio of 2 or 3 to 1 to give the best extraction,

! Cyaniding Gold and Silver Ores, page 224 (Second Edition),
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while a general mill pulp may give as good an extraction with
less mechanical troubles if treated in a 1 to 1 pulp.

The usual practice where Pachuca tanks are in use is to make a
dilution for the agitation treatment that does not require any
subsequent thickening prior to the process in use for displacing
the value-bearing solution, and such dilution is usually placed
between 1 and 1.2 to 1.

Time of Agitation.—This may vary from a few hours in the
case of free milling gold ores to several days for silver sulphide
ores, and has to be determined by experiment. As already stated
the time necessary may often be shortened by increasing the
strength of the solution in cyanide. .

Increasing the Dissolving Effect by a Succession of Washes.—It
seems to be a very widely observed fact that an increase in extrac-
tion is often obtained by settling and decanting several times
during treatment and substituting fresh barren solution each time
as against conducting the whole period of agitation in the same
solution. This is a point the writer has never been able to verify,
personally. Even in some plants where the phenomenon has
been reported as proved by experiment, he has been able to
obtain the same extraction without changing the solution during
agitation. In the majority of instances where this fact is ob-
served the writer is inclined to believe that if an increased cyanide
strength were used for the agitation a result could be obtained
similar to that shown by a succession of washes. Even if this
be so, it may happen in any particular case that a succession of
weak washes may turn out to be more economical than a smaller
amount of stronger solution, and this is a point to be decided by
the metallurgist in charge.

Continuous Treatment.—The system of continuous treatment
consists in allowing the stream of pulp to flow continuously
through a connecting series of agitator tanks, as distinguished
from the intermittent system where a charge is placed in a tank
and agitated therein until the dissolution of the precious metals is
complete. It may be applied to almost any form of agitator,
whether the old stirring-geared kind, the Pachuca, or the Dorr.
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In the case of all these the usual method is to introduce the stream
to a tank through a downecast launder or pipe to a point near the
bottom and allow it to make its exit on a level with the surface
of the pulp.

For Pachucas an alternative system has been dev1sed by Hunt-
ington Adams! at the Natividad Mine in Oaxaca. In each case
the pulp stream enters at the surface but the outflow is obtained
by cutting a section out of the stream issuing from the top of the
air lift by means of a receiving box fitted with an adjustable slid-
ing lid. By opening or closing this aperture the level of the
pulp in each tank is regulated. Arrangements are also made for
bypassing the pulp around any individual tank to allow of empty-
ing for cleaning or repairs. The advantage of this system over
the usual one seems to lie in ensuring a complete mixture of the
inflowing untreated ore with that already in the tank and prevent-
ing the possibility of more than the normal proportion of ore
passing into and out of any given tank untreated. At one mill
known to the writer, however, where the system was tried the
proper regulation of the stream cut from each tank was found
so difficult that it had to be abandoned.

The advantages claimed for the continuous system are (1)
an increase in the time of agitation for any given unit of capacity;
(2) less labor and attention. These apply to all methods of
agitation, but there is an additional advantage in the case of
Pachuca tanks in that it obviates the loss of head due to their
excessive height because the pulp makes its exit from the series
only a few feet lower than the point at which it enters.

The only drawback to the continuous system seems to be the
inevitable short circuiting of a portion of the pulp. The amount
thus passing untreated through any given tank in the series may
be considerable and will be impossible to estimate when the
system of passes does not ensure a complete mixture of the incom-
ing stream with the pulp contents of the tank before it can reach
the exit.

Even when such perfect mixture takes place there will still be

1 Engineering and Mining Journal, Oct. 7th, 1911,
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a definite proportion going through - untreated Assumm A
series of 100-ton tanks and a flow of 10 tons per hour, then approxi-
mately 1 ton out of the 10 tons flowing into the first tank will pass
out immediately untreated into the second tank of the series: one-
tenth of a ton per hour of this original pulp will pass directly
from the second to the third tank and so on in dlmlnlshmg frac-
tions to the end of the series.

As the action is continuous, however, the above does not rep-
resent the whole of the results of short circuiting. In order to
demonstrate the modus operandi of this principle L. P. Hills in
the Mining and Scientific Press of Feb. 8, 1913 makes the following
calculations:

“‘Assume a series of 100-ton tanks with a flow of 10 tons per hour.
Consider the efflux from the first tank for any given hour. That 10-
ton portion is composed of approximately:

§ 0.909 tons of the influx of the given hour
0.825 tons of the first preceding hour
0.751 tons of the second preceding hour .
0.683 tons of the third preceding hour
0.621 tons of the fourth preceding hour
0.565 tons of the fifth preceding hour
0.513 tons of the sixth preceding hour
0.466 tons of the seventh preceding hour
0.424 tons of the eighth preceding hour
0.386 tons of the ninth preceding hour
0.351 tons of the tenth preceding hour

The remaining 314 tons in diminished portions back to the initial in-
flowing 10 tons. The great bulk of the pulp receives exceedingly long
treatment, the time of treatment of different portions varying between
wide limits. ”’
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