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Dulberger (9) with only minor
modifications. As operation at one
frequency only is required, the vari-
able resistors in Dulberger's cir-
cuit have been replaced by appro-
priate fixed ones. For high-tempera-
ture operation, silicon transistors
should be used in preference to
germanium units.

The third probe was designed for
casier assembly and better mechan-
ical design. Its dimensions are in-
dicated in Figure 4. A copper shield
is again used with the same coils as
those employed in the second probe.
The probe is sealed by a layer of
Tygon covered by a coating of sili-
cone rubber. The temperature com-
pensation is effected here by a rod-
shaped thermistor housed in one of
the legs of the stainless-steel spider
supporting the probe. Provision is
again made for alternative use of an
internal or external oscillator.

Test REsuLTs

Although it is well known that
the electrical conductivity of electro-
Iytes varies with pH or acid concen-
tration (10, 11), it was felt desir-
able to test the inductive condue-
tivity probe in clear acid solutions
first, both to confirm results ob-
ained with other conductimetric
devices and to establish the control
potential of the device. For this pur-
pose the probe was placed on a
plastic tripod inside a large plastic
bucket or glass jar, which was it-
self put inside a constant tempera-
ture bath. Care was taken to im-
merse the probe fully in the solu-
tion and to stir the solution, The
acid concentrations were varied
over a wide range; Figure 5 shows
the results obtained for sulphuric
acid and nitric acid solutions, as
well as for sodium hyroxide. It is
seen that the voltage output varies
greatly with concentration in a near-
linear fashion. No attempt was made
to go to acid concentrations much
outside the range of interest in leach
work,

Although most practical measure-
ments with the probe will be con-
cerned only with variations in con-
ductivity from a chosen value, it is
often desirable to convert output
readings into absolute conductivity
values. For this reason a cylindrical
glass cell, 60 em long, with platinum
electrodes, was set up horizontally
and connected to a General Radio
mpedance bridge. It was calibrated
with standard solutions of known
conductivity (12) and the calibra-
tion curve is shown in Figure 6. By
means of this cell the electrical con-
ductivities of the sulphuric acid
solutions were determined, and the
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Figure 4.—Conductimetric probe.
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frequency in the 4-10 kilocycle range. the rise in conduc-
This leaves temperature as the other tivity for higher
factor to be controlled, except where concentrations of ;
leaching is done at a fixed tempera- hematite, liow - :
ture. In all other cases temperature ever, can prob- o 20 30 40 30 e 7 80 %0 °C
compensation must be provided; this ably be ascribed TEMPERATURE
matter will be discussed later. to the iron con-

The main reason for adopting an
electrodeless system is its superiority
in pulps and slurries. To confirm
the assumption that the electrical
conductivity is essentially a function
of acid concentration, tests were run
with slurries of different composi-
tion and particle size. The results
of these tests are shown in Figure
9 for slurries of silica, hematite, and
uranium leach residue. It was found
that for a given acid concentration
the output voltage was unaffected
by particle size or the nature of
the mineral. In other words, the
electric current is supported by the
liquid conductor only, and the nature
of the solids is immaterial for a
given density value. Any scattering
of points could be ascribed directly
to variations in acid concentrations;
this occurred particularly in the
hematite tests, which were compli-
cated by settling problems. Some of

tent of the ore.
To investigate
the possible ap-
plication of the conductivity probe
to a carbonate leach system (13,
14), several tests were run on car-
bonate leach liquors of interest, to
determine the relative effectiveness
of the various reagents involved on
the electrical conductivity. This -is
illustrated in Figure 10, which shows
the effect of adding various reagents
to basic solutions of sodium car-
bonate and sodium sulphate. As ex-
pected, a chemically active com-
pound like NaOH with high ionic
mobility leads to rapid changes in
conductivity, and hence could be
easily controlled by a conductivity
controller, whereas a compound like
sodium uranyl tricarbonate has no
effect on the conductivity at all. It
can also be seen that a rise in con-
ductivity in mixtures of this type
59
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Figure 13.—Temperature variation, run 3, 60 g/1 H.SO,.

may be due to more than one re-
agent.

To test the practicability of us-
ing an inductive probe under plant
conditions, experiments were car-
ried out with probe No. 2 at the
Quirke mine of Algom Uranium
Mines Limited at Elliot Lake, Ont.
After preliminary bucket tests had
shown a rough correspondence be-
tween acid concentration and volt-
age output (about 0.1 volt per gram
H,S0, per litre at 5 ke for the
particular tank temperature condi-
tions and oscillator output), the
probe was immersed in a pachuea
tank and left overnight. Figure 11
shows a comparison of the probe
readings and the titration values.
The latter arc obviously subject to
sampling variations, but a general
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correspondence between the two

scts of points is evident.
TeMPERATURE COMPENSATION

As meutioned previously, varia-
tions in temperaturc cause consider-
able changes in output. 'These are
due partly to changes in core per-
meability with temperature, causing
a variation of flux linked with the
liquid path, and partly to intrinsic
thermal effects on the conductivity
(11). The cffect of temperature on
permeability was checked by replac-
ing the liquid by a resistive wire
loop and then placing the probe
into an environment of varying tem-
perature. The results are shown in
Figure 12. The overall effect of
temperature was determined in a
series of tests, in which the leach
solution, with the probe suspended
in it, was placed into a variable
temperature bath. Figure 13 shows
the results obtained for a 60 g/l
sulphuric acid solution, and Figure
14 those for a carbonate leach lig-
uor. In both cases there is a strong
positive  temperature  coefficient
ranging from 0.46 to 1.96 per cent
per degree centigrade at room tcm-
perature.

To overcome these temperature
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sistor, whieh had L
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turc resistance of : : -

100 ohms and a w //.
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ture cocfficient. $ .
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sating circuit does MR
not load down the FREQUENCY SKe/s
oscillator. At the :

same time, to be

effective the cur-
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compensating cir-
cuit must pass
through more
turns than the primary coil; its
characteristic can then be adjusted
by means of a variable series
resistance. Jigure 15 shows various
temperature characteristics obtain-
able for different coil windings and
series resistances, as measured in a
closed-loop secondary surrounding
the primary. It is seen that the slope
of the characteristic can be adjusted
over a wide range by a suitable

TEMPERATURE

Figure 14.—Temperature variation, carbonate liquor.,

tween the two sources of tempera-
ture variation in setting up the com-
pensator resistance.

DiscussioNn oF REesuLrs

The test work done so far has

shown that the use of an inductive,
electrodeless conductivity prolie is
practical and advantageous for high-
density leach slurries. The precise

effects, some form of temperature choice of components to mateh the configuration used would depend
compensation is required. Various slope of the tem-
forms have heen suggested; Hinkel- perature charac-
mann (8), for instance, proposes an  teristic of the elec-
elaborate feedback circuit. For the trolyte. Figure 16 '
control of leach systems a simpler illustrates the de-
compensation system is considered gree of compensa- /
to be adequate, consisting of a tem- tion obtained in A courtsation
perature-controlled  bucking coil an actual set of ) /
wound on the primary core, throngh  measurements. It /“"""““ (T4 10200 A
which a small alternating current should be noted /
flows, whose magnitude varies as that no distine-
the temperature of the probe varies. tion is made be- // /"' 430000,
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Figure 15.—Temperature compensation curves.

Primary coil
with thermistor.

(25 turns) and compensating coil
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Figure 16.—Temperature compensation curves.
Probe No. 3: Sulphuric acid solution (30 g/1).
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rather on the purpose aimed for,
j.c. whether measurement or control
is the primary concern. For pur-
poses of measurement the incorpora-
tion of a transistorized oscillator is
a distinct advantage. Only D.C. sup-
ply lines to the oscillator and the
shielded output leads nced then be
brought up to the outside of the
tank, where a detector and a record-
er’ could be mounted.

If the conductivity indication is
intended for control of reagent ad-
dition, a slightly different system
conld be adopted whieh is outlined
diagrammatically in Figure 17. The
output from the detector coil is rec-
tified and balanced against a recti-
fied voltage derived from the og-
cillator. The difference voltage is
then amplified and used to drive a
pH-type controller-recorder.

The main merits of this system
are its inlierent simplicity and rela-
tively low cost. The tests have shown
that it should be adaptable to the
measurement and control of almost
any mineral slurry, as the cleetrieal
conductivity of the solution is the
only material factor determining the

output voltage for any given den-

sity. Apart fromn the design of the
probe, which is not very complieat-
ed, standard units for generating
and detecting audiofrequencies can
be readily adapted for this purpose.
Extension of this work to other slur-
ries and solutions should present ne
difficulties.
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