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Abstract

Flotation tests of fluorite-calcite mixture were carried out to elucidate the practical
optimum conditions, using sodium oleate as collector and five kinds of modifiers.

Soluble starch, sodium lignin sulfonate, tannic acid and sodium metasilicate selectively
depressed calcite and the optimum pH region for good separation lay at around pHS.
Sodium phosphate depressed fluorite above pH12, however, its depressing action was not so
strong. A suitable combination of plural modifiers such as-soluble starch and tannic acid,
and sodium lignin sulfonate and sodium metasilicate improved selectivity, limiting the
optimum pH to a narrower region.

1. Introduction

Salt-type minerals such as fluorite, calcite, apatite and scheelite have higher solubilities
in an aqueous system compared with sulfides, oxides and silicate minerals. When salt-type
minerals coexist, the ions derived from the minerals markedly affect the surface and
flotation properties of them, *® and predictions for flotation separation based on single
mineral tests often fail**?. However, most of the fundamental studies concerning modifiers
in the selective flotation of salt-type minerals were carried out only in the single mineral
systems®®?, and the critical actions of modifiers in flotation practice are not so clear.

Recently, the demand for high grade flouorite concentrate has increased®. Selective
flotation of fluorite from calcite is not easily achieved®” and it is a key to upgrade fluorite
concentrate, because of the increasing calcite contents in some run-of mine ores”.

In the present investigation, the influence of modifiers on the flotation separation of
fluorite-calcite was studied to elucidate practical optimum conditions. Flotation tests in a
mixed minerals system were conducted, and synergetic actions of plural modifiers were also
studied.

2. Experimental Materials and Methods

The minerals used were high grade hand-picked specimens of fluorite from the Hiraiwa
mines and calcite from the Todoroki mines. The 43-104 ym fraction was used for the.
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flotation test.
Sodium oleate and methyl isobutyl carbinol (MIBC) were used as the collector and

frother, respectively. Organic modifiers used were soluble starch, sodium lignin sulfonate
(Na-LS) and tannic acid. Inorganic modifiers used were sodium metasilicate and sodium

phosphate.
Flotation tests were performed using the flotation

cell shown in Fig. 1. An 8 g of fluorite-calcite (1 : 1)
mixture was conditioned for 10 min in 500 ml of aque-
ous solution adjusted to the desired pH. A modifier,
followed by a collector, then a frother were added to
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settle for 5 min. The settled particles were transferr-
ed to the flotation cell with the supernatant. Flota-
tion was conducted for 10 min at 300 ml/min of nitro-
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Fig.1. Apparatus for flotation The froth and tailing products were dried, weighed
experiments. and analyzed'? for calculating recovery.

3. Results and Discussion

Fig. 2 shows the effect of starch addition on the flotation separation of fluorite-calcite
with 40 mg/] sodium oleate. Selective depression of calcite was observed at around 1.5 mg/
| of starch addition. The effect of oleate addition on the separation is shown in Fig. 3.
When starch addition was fixed at 1.5 mg/l, fluorite was preferentially floated with an

increase in the oleate concentration.
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The flotation results obtained with tannic acid are shown in Figs. 8 and 9. Tannic acid

was an effective modifier that depressed calcite at a concentration as low as 0.2 mg/l.

Selective flotation of fluorite occurred in the pH range of 7.5 to 9.
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recovery did not become large even with increasing sodium phosphate addition.

All modifiers used, except sodium phosphate, indicate that the optimum pH region for

selective flotation of fluorite lies at around pH 8. Then, the synergetic action of plural

modifiers in the flotation separation of fluorite-calcite at around pH 8 were examined using

both tannic acid and starch, and both sodium lignin sulfonate and sodium metasilicate in

combination.

The results obtained are shown in Figs. 13-16. Figs. 13 and 15 show that a

suitable combination of plural modifiers improved selectivity and smaller additions of both

modifiers were sufficient for better separation than those required in single modifier systems.

However, the optimum pH region became narrower as shown in Figs. 14 and 16. Care must

be taken to determine and control the flotation pH.
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4. Summary

The influence of modifiers on the flotation separation of fluorite-calcite was studied by
conducting flotation tests in a mixed minerals system, using sodium oleate as the collector
and five kinds of organic and inorganic modifiers.

Soluble starch, sodium lignin sulfonate, tannic acid and sodium metasilicate selectively
depress calcite and the optimum pH region for separation lies at around pH 8. Sodium
phosphate depresses fluorite above pH 12, however, its depressing action is not so strong.

A suitable combination of both tannic acid and starch, and of both sodium lignin
sulfonate and sodium metasilicate improves selectivity at around pH 8. Though a small
addition of both is sufficient for better separation, the optimum pH region becomes narrower.

Acknowledgment

The authors wish to thank Mr. H. Murai and Mr. M. Oka for carrying out some of the
experiments.

References

1) Tsunekawa, M. and Takamori, T.: J. Min. Met. Inst. Japan, 97 (1981), p. 1187.

2) Somasundaran, P., Amankonah, J. O. and Ananthapadmanabhan,K.P.: Proc. 15th Int. Miner. Process.
Cong., Vol. 2 (1985), p. 244.

3) Bilsing, U. and Gruner, H.: Freiberger Forschungsh., A513 (1973), p. 29!

4) Soto, H. and Iwasaki, I.: Int. J. Miner. Process., 16 (1986), p. 3.

5) Hanna, H. S. and Somasundaran, P.: in “Flotation” (M. C. Fuerstenau, Ed.), (1976), p. 197, AIME, New
York.

6) Shergold, H. L.: in “The Scientific Basis of Flotation” (K. J. Ives, Ed.), (1984), p. 229, Martinus Nijhoff
Pub., The Hague.

7) Fuerstenau, M. C.: in “Principles of Flotation” (R. P. King, Ed.), (1982), p. 199, South African Inst. Min.
Met., Johannesburg. .

8) Gusakov, E. G,, Kozhevnikov, L. P,, Larin, V. K., Milekhin, V. I. and Smirnov, [. P.: Tsvetnye Metally,
18 (1977), No. 6, p. 93.

9) Baldauf. H., Schubert, H. and Kramer, W.: Aufber. Tech., 27 (1986), p. 235.

10) Tsubaki, I.: “Koseki Bunsekiho”, (1975), p. 131, Uchida Rokakuhoshinsya, Tokyo.

11) Hanna, H. S.: in “Recent Advances in Science and Technology” (A. Bishay, Ed.), (1974), p. 365, Plenum.



