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A simplified procedure has been developed for the beneficiation of beryl dust
from Doddakadanur, Mysore State (BeO content 3 per cent), from its assoei-
afod minerals. The mineralogical composition of the dust was; beryl 24
per cent, feldspar 35 per cent, quartz 33 per cent, apatite 4 per cent, mica 2
per cent and others 2 per cent.  The ground feed was deslimed and then con-
ditioned with & mixture of sulphuric and hydrofluorie acids for the removal of

Fot*+ and activation of beryl. ‘The excess acid was removed by thorough
washing. This was followed by flotation with sodium oleate at natural pH.
Fhe coneentrate was cleaned twice by flotation. The finul concentrato
nssayed 10 por cent Be(), the recovery being 85 per cent. This is expected
1o be moro than 90 per cent on recirculation of recleaner tails.

Tho ubovo procedure is an improvement over the procedure developed in our
luboratory earlier, when the flotation with sodium oleate was earried out at
pH 3 necessitating use of sulphuric acid for pH adjustment. The consump-
tion of sodium oleate was high as a large amount of the collector was thrown
out at this pH.

InTRODUCTION

Several workers have studied the concentration of beryl from the low
grade ores. Because of the fact that the associated minerals have more or
less similar physical properties, only flotation has been successful so far in
beneficiation of beryl. From the work of many workers in the field, four
procedures have emerged. These are described below in short:

(1) Eigeles process (Eigeles and Levuish 1958) consists essentially in
conditioning the cold, ground and deslimed pulp at 50 per cent solids with
1-5-2-0 kg/tonne of sodium sulphide, then raising the temperature to 80-85 °C'
and adding 0-2-0-4 kg/tonne of oleic acid. The pulp is then diluted and the
beryl concentrate floated.

(2) Lamb’s technique (Lamb 1947) consists in conditioning the ground
and deslimed ore with about 2 kg/tonne of hydrofluoric acid (HF), then wash-
ing thoroughly and floating beryl with oleic acid (0.A.) and fuel oil.

(3) In Runke’s method (Runke 1954) mica is first removed using tallow
amine acetate at pH 3-5. Beryl is then floated with petroleum sulphonate
(P.S.) at pH 2-2,

(4) In Rapid City process (Runke 1954) mica is removed by flotation
using amine collector at pH 3-5. A combined float of beryl and feldspar is
then obtained by adding HF and more amine. The amine coating on the
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bulk concentrate is destroyed by conditioning with hypochlorite. After
thorough wash beryl is floated with P.S. at pH 2-5.

From the above it can be noted that the Eigeles process is having a
drawback in that the whole pulp has to be heated to 80-85 °C. Runke and
Rapid City procedures give two or more products and the flotation pH is as
low as 2-5, which entails additional difficulties in operation. Lamb’s procedure
is comparatively simple and gives only one product.

The effect of the inorganic ions like Ca, Mg, Fe and Al on the flotation of
pure beryl and associated gangue minerals, viz. quartz and feldspar, was studied
in this laboratory (Viswanathan ef al. 1965). Sodium oleate (Na-Ol) was used as
the collector. It was noted that the flotation of beryl is Fe sensitive and it is
possible to get a high grade beryl float only in the absence of ferric ions. Ca
and Mg ions did not interfere if the pH was maintained between 3 and 6.

Based on these observations on the pure minerals a flotation process was
developed for a low grade beryl ore from Doddakadanur, Mysore State (Karve
et al. in press). The process is briefly described below: The ore is ground to — 35
mesh and thoroughly deslimed. The deslimed ore is serubbed at a high pulp
density (p.d.) to remove some more slimes. The ore is then treated with
caustic soda, sulphuric acid (H.SO,4) and HF in stages and finally floated at
around pH 3 with Na-Ol

The procedure outlined above is a multistage operation and hence compli-
cated. As the pH of flotation is on the acidic side, a good amount of collector
is needed and the flotation is rather slow.

Recently a beryl dust sample was received from Doddakadanur, Mysore
State, for beneficiation testing. The procedure mentioned above, developed
in this laboratory, was re-examined in the light of Lamb’s comparatively
simple procedure and encouraging results were obtained.

MATERIALS AND METHODS

The beryl dust received was in two sizes, one coarse (}”) and the other
fine (10 mesh). The mineralogical composition of the samples was more or
less similar and that of the coarse sample is given below: beryl 24 per cent,
feldspar 35 per cent, quartz 33 per cent, apatite 4 per cent, mica 2 per cent
and others 2 per cent. On chemical analysis the sample assayed 3-0 per cent
BeO. The coarse sample was first taken up for the beneficiation tests. The
microscopic examination of the ground product revealed that beryl liberated
at coarse size and hence the ore was ground to pass through 35 mesh. Labo-
ratory Fagergren cell with a stainless steel bowl was used for the flotation
tests. Na-Ol was used as the collector. All the chemicals used were of C.P.
grade.
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ExpermeENT AND REsurrs

The ore was ground in a laboratory rod mill (8”Xx14") with 6-5 kg of
rods (3"—32" diax12"). 1-5 kg of the ore was taken at a time with one litre
of water. The grinding time was varied from 5 to 20 minutes. 20 minutes
grinding time was found to be suitable as most of the ground product passed
through 35 mesh. The percentage of —200 mesh fraction in the ground feed
wasg 20-4.

The ground product was wet sieved through 35 mesh and the 35 mesh
fraction was fed back with new feed in the next grinding. The —35 mesh
fraction was thoroughly deslimed before any flotation test was carried out.
Stainless steel buckets were used for desliming. After carrying out a number
of such desliming operations, it was found that the slimes were 9-10 per cent
by weight and the loss of beryl amounted to 5-6 per cent in this fraction.

From the previous experience on & similar ore it was known that a pre-
treatment with acid was a necessity and HF was found to be the most efficient
in cleaning the surface of the minerals. To arrive at the minimum amount
of the collector that should be used, initially a large amount of HF was used
for the pretreatment. The tlotation procedure adopted for the testing was
as follows: The deslimed feed was conditioned with known amount of HF for
10 minutes. The solids were allowed to settle and the supernatant liquid
decanted off. The solids were repulped, churned for 2 minutes, allowed to
settle and decanted. The procedure was repeated three more times. The
feed was then conditioned with & known amount of Na-Oleate for 3 minutes
at about 40 per cent solids, diluted to about 20 per cent solids and floated at
neutral pH (about 7). No frother was used. The float was cleaned twice
without adding any further reagents.

To start with 15 kg/tonne HF was used for the pretreatment and Na-Ol
was varied from 0-2 to 0-7 kg/tonne. It was found that at least 0-4 kg/tonne
Na-Ol was essential for the complete flotation of beryl.

After finding the minimum amount of the collector, the quantity of HF
used for the pretreatment of the feed was varied from 15-0 to 0-5 kg/tonne in
suitable stages. It was observed that to get tailings almost free of beryl a
minimum of 2-5 kg/tonne HF was needed.

In the procedure fixed for finding out the minimum amount of acid for
the pretreatment and the minimum amount of collector, the conditioning time
with the acid was fixed arbitrarily as 10 minutes. This was then varied from
10 to §, 3, 2 and 1 minutes. There was not much variation in the results
obtained. Hence, the conditioning time with HF was fixed as 2 minutes for
further work.

During the course of the work it was noted that after the acid condition-
ing it was absolutely essential to wash the foed free of acid prior to flotation.
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If some acid was left in the flotation circuit, the frothing characteristics of
the eollector were affected to a great extent. The froth proved to be brittle
and the flotation time was increased. In the next phase of the work, there-
fore, this aspect was studied. It was found that the feed must be washed at
least three times before the addition of the collector. In a few trials instead
of washing the feed free of acid, after conditioning, the acid was neutralized
with alkali. But in such cases no froth could be obtained.

The results of a typical flotation test, on employing the optimum con-
ditions discussed above, are given in Table I.

Tapre 1

Beryl Flotation Using HF for Pretreatment

Product 95 Wi, o BeO) 9% bist. BoO
Shmes 87 20 a3
Rougher tails 484 tr —
Cleaner tails 116 (VY 1-6
Recleaner tails a0 30 8
Recleaner conc. 26-3 10-3 833
Cale. head 100-0 319 100-0

From the above table it can be seen that major loss of BeOQ takes place
in the recleaner tails which, in any case, could be recirculated in a continuous
operation.

HF is 15-20 times as costly as HyS0,. Experiments were carried out to
see whether H,S0, or hydrochloric acid (HCl) eould replace HF. It was
observed that the recovery of beryl in the rougher float amounted to only
80 per cent in such cases as against almost complete recovery when HF was

Tasre 11
Beryl Flotation Using a Mixture of HF and Ho80, for the
Pretreatment

Product 9% Wt. % BeQ 9 Dist. BeO
Slimes 90 1-8 5-2
Rougher tails 49-0 tr —
Cleaner tails 12:2 0-9 3-5
Recleaner tails 34 64 7-0
Recleaner conc. 26-4 10-0 84-3

Calc. head 100-0 313 100-0
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used. The flotation was comparatively slow and finished product of required
BeO assay (10 per cent BeO) could not be obtained. This clearly indicated
that HF is not only efficient in cleaning the surface of the minerals but also
is an activator for beryl.

The work was therefore continued using a mixture of HF and H,80, for
the pretreatment. Using excess of H,S0,, the minimum amount of HF that
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must be used for the complete flotation of beryl was determined. Keeping
this minimum amount of HF constant, the proportion of H;SO, was varied.
These experiments showed that the HF consumption can be brought down
from 2-5 to 1-5 kg/tonne if used along with 1.8 kg/tonne H,80,. The difference
in the cost of the two acids being considerable, the combination of acids
should be preferred. The results on employing the acid-mixture for the
pretreatment are incorporated in Table II.

The conditions established above for the coarse sample were found to be
equally good for the finer sample of the ore. Only the grinding time had to
be changed from 20 minutes to 10 minutes.

Based on the above studies a flowsheet has been suggested for the bene-
ficiation of beryl dust (Fig. 1).

CONCLUSIONS

(1) In the earlier paper on the beneficiation of a low grade beryl ore, a
number of stages were suggested for the pretreatment of the ore. On re-
examining the procedure it was found that desliming and single stage acid
conditioning is quite adequate.

(2) The consumption of HF, a costly reagent, can be brought down if a
mixture of HF and H,80, is used.

(3) The flotation, when carried out at neutral pH (about 7), is faster and
the amount of collector could be brought down to less than half of what is
required if the flotation pH is maintained on the acidic side.
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