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two electrodes in the measuring section is proportional
to the free cyanide concentration in the solution under
test and can be used to operate a recorder or controller.
Figure 6 is a photograph showing the assembled unit.

The precision and reproducibility that can be ob-
tained with this instrument are shown in Figures 7
and 8. The chart in Figure 7 was obtained by record-
ing the electrode E.M.F. values when measuring pure
cyanide solutions of different concentrations over a
24-hour period. Figure 8 is similar to Figure 7 except
that plant solutions were used. It is apparent from
these charts that small changes in cyanide concentra-
tion result in large changes in E.M.F. values, and that
good reproducibility is obtained on switching from one
cyanide concentration to another and back again.

Because of the necessity of closely regulating the
flow rates, the pumps required in the cyanide titra-
tor are not suitable for pumping slurries; consequent-
ly, the instrument can only be used on clear, filtered
solutions. It is essential, then, when measuring and
controlling the eyanide concentration of a slurry us-
ing this titrator, to provide a means for obtaining
a sample of the clear solution and delivering it to the
instrument. This is not a difficult problem, and one

simple procedure, now under study at the Mines
Branch, is shown in Figure 9. A sample stream is
taken from the ve:sel containing the slurry, the cya-
nide concentration of which is being controlled. This
stream is pumped back into the vessel or on to the
next step in the process. In the discharge line from
the pump, a porous plastic filter is installed on which
a pressure of 6 or 7 psi is maintained by means of a
throttle valve on the discharge side of the filter.
When the pump is operating, some clear solution is
forced through the filter while most of the slurry
flows through the inside of the filter, thus providing
a self-cleaning action. On a laboratory set-up, a slur-
ry containing 30 pzr cent solids was pumped through
a l-in. line in which a filter 6 inches long and 0.5
inch in diameter was installed. With the filter under
6 psi pre sure, 10 ml/min. of clear solution was ob-
tained over a period of two weeks. This is sufficient
flow for the cyanide titrator, which requires a max-
imum of 5 ml/min.; when the filter capacity drops
below the minimum desirable level, a new filter can
be substituted in a matter of minutes. The cost of
the porous plastic filter is under two dollars. This
arrangement is still under development, but it ap-
pears to be promising.
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Figure 8.—Chart from the Continuous Cyanide Titrator.
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Figure 9.—Arrangement for Obtaining Clear Soluticn from a Pulp for the Cyanide Titrator.

Measurement of Dissolved Oxygen Concentration

Although there are several instruments available
for measuring the dissolved oxygen concentration in
pulps and solutions, the one which has been under
test at the Mines Branch is a Beckman Model 764
dissolved oxygen moni‘tor. The electrode for this unit
shown schematically in Figure 10, consists of a gold
cathode, mounted in an epoxy casing, and an anode
of coiled silver wire. A potassium chloride gel is the
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Figure 10.—Skeich of the Oxygen Monitor Electrode
Assembly.

electrolyte providing the electrical connection between
the cathode and anode. The diffusion of oxygen to the
cathode is controlled by a Teflon membrane, and the
whole system is isolated from the solution or slurry
under test by a gas-permeable silicone rubber mem-
brane. An external voltage of 0.8 volt is applied be-
tween the anode and ca‘hode. When the electrode as-
sembly is immersed in the stream under test, oxygen
in the stream diffuses through the membrane and is
reduced at the cathode. This causes a current to be
developed proportional to the dissolved oxygen con-
tent of the stream.

Test work at the Mines Branch has shown that
this instrument will operate with reliability and accu-
racy in a vigorously agitated slurry, containing 50
per cent solids, for a period of three weeks before the
electrode requires maintenance and the silicone rub-
ber diaphragm requires replacement. When using this
oxygen monitor in conjunction with an on-off control-
ler, it was found that control to within +2 per cent
was obtained. Although the monitor has not been
tested in plant operation as yet, there is no apparent
reason why it will not give satisfactory performance
in a gold plant.

When locating the electrode assembly in a plant, it
should be placed in such a way that the sample stream
flows past the electrode at a speed of at least 3 ft.
per second. Also, the electrode should not be exposed

to a stream containing air bubbles, as the oxygen in
the bubbles will cause erroneous measurements.

Control of Grind

In grinding the ore for cyanidation, the objective
should be to produce at all times the grind most suit-
able for the ore characteristics, The particles must
be small enough to ensure that the gold is exposed to
the dissolving action of the cyanide solution, and at
the same time overgrinding should beavoided (asover-
grinding is detrimental to the efficient mechanical
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and chemical operation of the plant(2) ). This means
then, that a well-controlled grinding unit should con-
sistently produce a ground product having essentially
the same size distribution. It would appear, at first
glance, that this could only be done if an instrument
was available that would automatically provide a con-
tinuous or frequent size analysis of the ground prod-
uct and would adjust the rate of feed to the unit ac-
cording to the analysis. An instrument such as this
is not available at present, but an alternative ap-
proach, that of using some operating variable of the
grinding unit that depends on the size distribution of
the ground product and that can be continuously
measured, may offer a solution to the problem. The
sound emanating from the grinding mill may be such
a variable. .

The use of the sound of a grinding mill to control
the feed rate is not new. There are many such in-
stallations in the cement and iron ore industries. In

- principle, the sonic controller measures the intensity

of a narrow frequency range of the sound from the
mill, the frequency range chosen being specific for
the mill. An increase in the sound intensity above the
control point causes the feed rate to be increased and
vice-versa. Although this type of control has operated
successfully in certain applications, it is not clear
what causes the sound to vary and consequently it is
not clear what characteristic of the grind is, in fact,
being controlled.

Some recent work at the Mines Branch has indicat-
ed that the intensity of certain frequencies in the
sound from a ball mill depends on the size distribu-
tion of the ground particles in the mill. Figure 11
shows the intensities of audio frequencies in the range
of 500 to 4,000 cycles per second from a 2-ft. by 8-
inch Hardinge conical mill when it was grinding
quartz at rates of 50, 100 and 150 1bs./hr. In all three
runs, with the exception of the feed rate, all the
grinding variables such as pulp density, ball load,
feed size distribution and mill speed were similar. It
was also determined that the weight of pulp in the
mill while the mill was operating was only 3 per cent
higher when the feed rate was 150 1bs./hr, than it
was at 50 lbs./hr. The size distribution of the ground
product, however, was 82 per cent minus 200 mesh
at 50 lbs./hr., 68 per cent minus 200 mesh at 100
Ibs./hr. and 55 per cent minus 200 mesh at 150 lbs./
hr. As the feed rate was increased, the sound intensity
particularly at a frequency of 1,600 cps, decreased
markedly. On the basis of these results, there is cer-
tainly a suggestion that the only grinding condition
that varied sufficiently to produce such pronounced
changes in the sound intensity was the size distribu-
tion of the ground product. Of course, these early
results do not establish a correlation between the
sound of an operating ball mill and the size distribu-
tion of the ground product, but there is an indica-
tion that sonic control of a grinding circuit would re-
sult in the production of a uniform grind,

Further light will be shed on the efficiency of the
sonic control of grinding operations on a gold ore by
the opsration at East Malartic Mines Limited at Nor-
rie, Quebec, where sonic controls were recently in-
stalled. In this installation, the sounds from the pri-
mary rod mill and the two secondary ball mills are
used to control the feed rate to the rod mill. An auto-
matic weighing instrument on the feed, belt to the rod
mill also controls the rate at which water is added
to the rod mill so that the liquid-solid ratio to }h'e
mill is kept constant. Although comparative operating
data before and after the controls were installed ‘are

T b
,/ \‘/Feed rate — 50 Ib./hw.
A}

/ \ .

> / \
(=g ¥ 7 \
‘; # ! Feed rate — 100 tb./he
e 4 \

Vi
z ’ / \*
. F ¢ \
>
-
a
x
a
=z 2 .
o
o

1 1 1 1 1
1000 1500 2000 3000 4000 5000

FREQUENCY— cycles /sec

Figure 11.—Spectra of Sounds Emanating from a 2-ft. by
8-in. Hardinge Conical Mill at Different Grinding Rates.

not available yet, the mill staff is satisfied with the
control system and is convinced that it will benefit
the efficiency of the operation. It is expected that
when the results are available they will show that the
instrumentation and the control have resulted in in-
creased throughput and a more uniform grind.

Discussion

So far, it has been shown that manual control of
the important operating variables in a gold cyanida-
tion plant is unsatisfactory, and that instruments for -
the automatic measuring and control of these vari-
ables are available. The final consideration is whether
instrumentation and automatic control would improve
the operation sufficiently to pay for the cost of the
equipment. As mentioned before, the results of the
field test of the conductivity cell to control the lime
in a gold mill indicated that the improvement in opeér-
ation was sufficient to pay for the control equipment
in six to nine months. The staff of East Malartic
Mines Limited estimate that the automatic controls on
the grinding circuit will pay for themselves in a
year or less.

The combined cost of a conductivity cell or pH me-
ter, a cyanide titrator and an oxygen monitor (along
with the related control equipment), plus a sonic con-
troller for the grinding circuit, would probably be
between $20,000 and $25,000. If this equipment were
installed in a 1000-tpd gold mill where the heads had a
value of $10.00 per ton and reagent costs were $0.15/
ton, the cost of the instruments would be recovered
in less than two years if their use resulted in an in-
crease in_extraction of 0.25 per cent and a decrease
in reagent cost of 10 per cent. This is, in fact, a ra-
ther modest improvement and it is not unreasonable
to expect an improvement of at least this order to
result from the use of instrumentation and automatic
control of the variables related to the chemistry of the
cyanide process.

. There is, of course, more to the successful appli-
cation of instrumentation and automatic control than
simply obtaining a suitable device for measuring the
variables of interest. A control system has,infact,four
major components: the sensing device, the controller,
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the control element (usually a pneumatic valve or
a variable-speed motor) and the process itself. In this
paper, the sensing device is the only component that
has been discussed, but a good control system is the
result of design based on the characteristics of all
the elements of the system(7). However, if a suitable
sensing device is available, the other problems in the
design of the whole system can usually be solved
with the help of someone experienced in control appli-
cation, as all control systems, with the exception of
the sensing device, are basically similar in design.

This paper has described sensing devices for meas-
uring and controlling four variables of the cyanide
process, all of them related to the chemistry of cyani-
dation. There are, of course, other operating variables
that lend themselves to automatic control—pulp den-
sity and flow rates for example(8)—but the variables
that affect the chemistry of the cyanidation process
are probably the most important ones to consider and
should receive first attention.

-
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