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CHAPTER 1 : INTRODUCTION

In some fields,there is a requirement for high quality kaolin minerals. Raw kaolin minerals
often contain pyrite, hematite, goethite, quartz, etc. as impurities. It is required to remove
those impurities from kaolin minerals as much as possible.

As for the removal of quartz from kaolin minerals, cationic amine flotation in the acidic
pH range has been proposed for the separation of quartz and kaolinite. But the separation of
quartz and dickite, one of the kaolin minerals, by this method becomes difficult as the parti-
cle size decreases and impossible for the particles finer than 5 um, since heterocoagulation is
inevitable in this pH range. Accordingly, it is desirable to explore a flotation method for re-
moving fine quartz from kaolin minerals.

It is well known that, with continuously diminishing grades of ores, fines and ultrafines are
invariably produced during the processing of ores. Many researches associated with fine parti-
cle flotation have been done in recent years and a variety of methods have been proposed. It
has been pointed out that the best examples of ores that consist mostly of fine particles are

those encountered in the kaolin industry, where the separation problems usually involve the
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removal of impurity minerals from the desired kaolin.On the other hand,kaolin minerals are
often contained in many ores.In treating these ores by flotetion, kaolin mineral fine particles
often play a very important role. Therefore,it is important to investigate the flotation prop-
erties of kaolin minerals in detail in order to develop a method for removing impurities from
kaolin minerals,as well as to improve the flotation separation of ores containing kaolin
minerals.

From the point of view,the flotation properties of dickite and the flotation separation from
quartz were investigated using sodium oleate as a collector in the neutral and alkaline pH
range. The reason why dickite was chosen as a sample is that the grain size sample is available

and its particle size is desirably adjusted by comminution.

CHAPTER 2 : EFFECT OF DILUTED HCL PRECONDITIONING ON FLOTA-
TION OF DICKITE FROM QUARTZ

Although natural dickite was almost not floated by oleate,it was found in this chapter that
by preconditioning in 1 X107*kmol ~nf HCI solution for 2 hours, dickite of +10—20 ym size
fraction can be floated from quartz of +10—20 yum size fraction at pH around 7, clearly indi-
cating that the floatability of dickite with oleate was greatly enhanced by preconditioning.

When dickite was preconditioned in diluted HC] solution, dissolution of dickite occurred,
releasing aluminum and silicon species. Aluminum concentration was 4.5X10"%kmol,/of in 1
X107 *kmol,/ uf HCI solution for two hours at which high flotation recovery of +10—20 #m
dickite was obtained. Therefore, it is considered that dickite is activated by aluminum species
dissolved. However, when aluminum salt was added to the mixed suspension of dickite and
quartz of +10—20 #m size fraction, selective flotation of dickite from quartz did not occur.
Accordingly, it is considered that one part of the decomposed aluminum is released to the
solution and the other part remains in the dickite surface during preconditioning, the latter
part may offer active sites for oleate adsorption and play an important role in selective
activation of dickite.

The adsorption results of oleate on dickite showed that there were both physically adsorb-
ed oleic acid and chemically adsorbed oleate species on dickite; the former can be extracted
from the surface of dickite with ethyl alcohol. The amounts of oleate left on dickite surface
after alcohol extraction were increased by preconditioning. Moreover,the relationship between
the amounts of oleate left on the dickite surface after alcohol extraction and the equilibrium
concentration fitted the Langmuir adsorption equation.

After preconditioning in 1 X107 *kmol,/nf HCl solution for 2 hours, dickite was separated
from solution. After this treatment, the separated dickite was suspended in distilled water

and oleate adsorption was measured at pH 7. The maximum chemisorption amount is shown
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in Table 1, together with those for dickite with and without preconditioning.

Table 1. Maximum chemisorption amount of oleate
in different conditions (X10~*mol,/naf)
Condition . Untreated Separated Preconditioned

M.C.A. 0.55 1.11 1.53

M.C.A. = Maximum chemisorption amount

The results above show apparently that one part of the decomposed aluminum remains on
dickite surface during preconditioning and offers active sites for oleate adsorption.

By preconditioning in suitable HCl solution, good separation of dickite from quartz was
achieved for the particles larger than 5 g m. For the particles [iner than 5 pm, particularly

finer than 2 gm, however, the selectivity of flotation was lowered.

CHAPTER 3 : EFFECT OF INORGANIC ELECTROLYTE ON FLOTATION OF
DICKITE FROM QUARTZ WITH DILUTED HCI PRECONDITION-
ING

In this chapter,the effects of calcium chloride and potassium chloride on the flotation of
dickite from quartz preconditioned in diluted HCl solution were investigated. In the presence
of CaCl:, the dissolved aluminum was increased, especially in a short time. The dissolved alu-
minum was increased with an increase in CaCl: at the concentration below 8 X107 *kmol /' m.
It was also foumd that the further increase was very slight at high concentration. The in-
crease in dissolved aluminum was also found by adding 1 X107 2kmol/'mf KCl. The increase in
dissolved aluminum concentration in the presence of inorganic electrolyte such as CaCl, and
KCl may by caused by ion exchange reaction, which was supported by a fact that the maxi-
mum increment was about 1.8 X107°kmol / nf (0.43meq, 100 g), comparable to the cation
exchange capacity (0.3 meq,100g) measured by Mukai et al ..

It was found that in the neutral pH range, the sufficient flotation recovery was attained by
preconditioning for 5 minutes in 5 X10~*kmol,/nf HCI solution containing 4 X 10~ *kmol /i
CaCl: or 1 X10~%kmol,”m KCl. Good separation was made for the particles coarser than 2
pm, although the separation was still unsatisfactory for the particles finer than 2 g m.

From the oleate adsorption results, it was noted that the enhancement in the flotation
recovery of dickite with preconditioning was brought about by decomposition of dickite and
the efffect of electrolyte was to promote the decomposition of dickite structure in a short
time by ion exchange reaction, resulting in shortening the preconditioning time required for

obtaining sufficient flotation recovery.
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CHAPTER 4 : IMPROVEMENT IN FLOTATION OF FINE DICKITE FROM
QUARTZ BY SELECTIVE FLOCCULATION

In this chapter, in order to improve the flotation of dickite from quartz finer than 2 ym,
selective flocculation with polymer was introduced to the flotation process which includes
preconditioning in diluted HCI solution containing CaCl,.

At first, the flocculation abilities of dickite and quartz were studied. Quartz particles
remained dispersed in the pH range studied. Dickite particles were flocculated in the weakly
acidic pH range, even in the absence of Separan AP30. Enhanced flocculation of dickite oc-
curred by the addition of Separan AP30 at pH below 8 . Separan AP30 containing amide and
carboxyl groups may adsorb on dickite not only by hydrogen bonding, but also by electro-
static attraction berween negative charge of carboxyl group and positive charge of the edge
surface in the weakly acidic pH range.

The selective flocculation of dickite particles occurs in the addition of 1 to 2 g,/ m of
Separan AP30, irrespective of the addition order of Separan AP30 and sodium oleate. It was
found that some extent of flocculation of quartz particles occurred in the mixed suspension,
even though Separan AP30 was not added. This may be due to quartz-dickite hetroflocculation
which is caused by the bridging action with the aluminum species diisolved from dickite dur-
ing preconditioning. However, when Separan AP30 was suitably added, the bridging action
was diminished, because Separan AP30 was adsorbed on dickite in preference to quartz and
its macromolecules covered dickite surface. This perhaps is a reason that excellent selective
flocculation of dickite from quartz occurs by suitable addition of separan AP30.

It was found that the addition order of Separan AP30 and sodium oleate had a great influ-
ence on the flotation of dickite. Namely, the flotation recovery of dickite was remarkably
decreased by the addition of Separan AP30 prior to sodium oleate, while it was increased by
about 1096 when 2 g m of Separan AP30 was added in the reverse order.

It was found that when Swparan AP30 was added after sodium oleate, both total abstrac-
tion and chemical adsorption were almost not influenced by the addition of Separan AP30.
Accordingly, the increase in the flotation recovery of dickite by the addition of Separan AP30
after sodium oleate may result from the increased collision efficiency between bubbles and
particles, due to the aggregates formation. On the other hand, when Separan AP30 was added
prior to sodium oleate,both total abstraction and chemical adsorption were decreased with
increasing the addition of Separan AP30, corresponding to the decrease in the flotation
recovery. The reason for this probably is that oleate becomes difficult to approach dickite
surface which is covered with macromolecule of Separan AP30 charged negatively, owing to
steric hindrance and electrostatic repulsion.

The separation result was very similar to the selective flocculation results. Therefore, 1t is
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considered that the suitable addition of Separan AP30 not only increases the flotation
recovery of dickite through the aggregate formation (i.e. the increased efficiency of bubble-
particle collision), but also diminishes the bridging with hydrolyzed aluminum species be-

tween dickite and quartz, resulting in satisfactory selective flotation of dickite from quartz.

CHAPTER 5 : REVERSE FLOTATION OF FINE QUARTZ FROM DICKITE

In this chapter,the depressing action of corn starch on dickite and the possibility of reverse
flotation of quartz from dickite were investigated.

The flotation recoveries of both minerals was increased with increasing pH and reached a
maximum at about pH 12. In this case, the amount of sodium oleate necessary for obtaining
good flotation recovery for dickite was much higher than that for quartz. The amount of cal-
cium chloride required for good flotation recovery of dickite was about 5 times higher than
that of quartz. It was expected from the single mineral flotation results that quartz could be
selectively floated from dickite. But, not only quartz but also dickite were well floated in the
absence of corn starch. It is considered that flotation of dickite perhaps results from the
heteroflocculation with quartz, which may be caused by the formation of particle-particle
linkage action through calcium hydroxy complex or calcium hydroxide, or the hydrophobic
interaction between hydrocarbon chains of oleate adsorbed on both mineral surfaces. Corn
starch depressed dickite in preference to quartz, so that quartz was selectively floated from
dickite in the addition of 75g, m. Whereas the adsorption of corn starch on quartz was very
small and only about one fourth of that on dickite.

The negative zeta potential of dickite in the alkaline pH range was lower than that of
quartz. Accordingly, large adsorption of corn starch on dickite, compared with quartz, may
be explained by weaker electrostatic repulsive force berween corn starch and dickite.

It was noted that dickite is selectively flocculated from quartz by adding 75g, uf corn
starch. Furthermore, it was observed that quartz particles were also flocculated by the addi-
tion of calcium chloride after corn starch at pH 12.0. This may be caused by the formation of
particle-particle linkage action through polyvalent cation as mentioned above. In the present
flotation experiments, the reagents were added in the order of corn starch, calcium chloride
and sodium oleate. Accordingly, dickite and quartz was flocculated in the separate stage.
Judging from the flotation results that fine quartz and dickite were well separated, there
seems no mutual interaction between dickite flocs and quartz flocs. This may be very prefera-

ble in fine particle flotation.

CHAPTER 6 : CONCLUSION

This chapter is the general conclusions.
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