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ABSTRACT

It was discovered that the adsorption of metal ions on mineral surface had much to do with

their activation for mineral in flotation. The authors proposed a percentage of adsorptive precipitation( PAP) to

represent activation power of metal ions. The greater the PAP of the metal ion, the stronger its activation

power. When the PAP was small to a certain extent, the metal ion showed a depression effect on mineral in

flotation.
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1 INTRODUCTION

The influences of metal ions in pulp on min-
Take

quartz, the most common silicate mineral, for

eral floatability are very complicated.

example, most of the metal ions can activate its
flotation, and there are two kinds of viewpoints
in explaining their activation mechanism. In one
opinion, it is the hydrolysate of a metal ion,
MOH"" | that activates quartz floation' ' in an-
other opinion, it is the metal hydroxide precipr
tation that does the same thing'*'. In common,
both of them agree that the adsorption of metal
ion on mineral surface, no matter what ingredr
ents of ion, is the prerequisite to activate mineral
flotation. It has been proposed that the adsorp-
tion behaviors of metal ions associate closely with

31 In this paper, the re

their activation power
lationship between adsorption and activation of
metal ions on kyanite in the presence of sodium

oleate is investigated in detail.

2  ADSORPTION BEHAVIORS OF METAL
IONS ON KYANITE SURFACE

2.1 Quantum chemistry calculation of adsorp-
tion strength of metal ions on Kyanite
€(0O—M), determined

Diatomic energy,
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by quantum chemistry calculation, can be used
to represent the adsorption strength of metal ion
on mineral surface. When the value of €0 —M)
is below zero, it indicates that a covalent bond is
formed between oxygen atom on mineral surface
and metal atom in the solution; when above ze
ro, an ionic bond is formed. The greater the ab-
solute value of €( O —M), the stronger the
chemical bond. The diatomic energies hetween
oxygen atom on kyanite surface and metal ions
added have been calculated using quantum chem-

4 .
41 The results are shown in

istry calculation
Table 1. According to their diatomic energies,
the adsorption intensities of metal ions on kyan-
ite can be arranged as: H™ > Fe'* > A" >
Mg®* > Ca®*, which is further confirmed
through measuring their adsorption amount.

n+

2.2 Adsorption amount of Me

Upon previous study on adsorption mecha

on Kyanite

nism, metal ions adsorb on mineral surface in
two forms, metal ion complex and surface pre-
cipitation. Both of them should be included in
adsorption amount, which is indicated as the
percentage of adsorptive precipitation ( PAP).
By residual concentration measurement, PAP
can be obtained:
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Co— C
PAP(%) =~ % 100
0

where (g stands for initial concentration of ad-
sorbate; C stands for residual concentration after
adsorption.

The PAPs of metal ions A", Fe't,
Ca™ , Mg™ in pulp were measured with ICP-
AES. The four metal ions in the form of chlo-
rides were added simultaneously into the pulp
made up of 2¢g kyanite( 75~ 150Hm) and 40 mL
secondary distilled water in the presence of 5 X
10™ * mol/ L sodium oleate. The operation proce-
dure is the same as that in reference [ 3]. The
PAPs of metal ions as a function of pH are
shown in Fig. 1. It can be seen that:

Fig. | PAPs of metal ions on
Kyanite as functions of pH
I —Fe’ 5 2—AP"; 3—Ca™; 4—Mg™

(1) In weak acidic medium of pH= 4~ 6,
the sequence of PAPs is PAPp.> PAP, >PAP¢,
> PAPy,, which is in agreement approximately
with that of diatomic energies and completely
with that of metal ions’ solubility products( see
Table 1) .

(2) In neutral medium, the PAP of AT
reaches its maximum and is greater than that of
Fe’* because amphiprotic Al( OH) 3 is stablest in
neutral condition. Besides, as A appears in
kyanite ( Al,038i0,) lattice, AI’* in pulp is
more easily adsorbed on kyanite surface.

(3) The pH values at which PAP approach-
es 100% are 3 for Fe'* , 5 for AP , 11 for Mg2+

and 12 for Ca™ . which is in agreement with

those at which metal hydroxides precipitate from

the solution!”!.

It is evident that the adsorption
of metal ions on mineral surface is in close rela-

tionship with their hydroxide precipitation.

Table 1 K, € O—M) (atome unit) of
metal ions and pH values
M etal ions Fe*t AP Ca®* Mg?*
pH''! 2.78 5.16 13.32 10. 50
K, 34.2  30.2 15.4  13.8
gO—M) - 0.365- 0. 243 0. 104 0. 109

Notes: K, —the solubility product of oleate;
pH —the value at which metal ions start to form

hydroxide precipitation.

The best pH range for kyanite flotation
when sodium oleate is taken as collector is from
neutral to weak basic, at which the PAP order of
metal ions can be arranged as PAPy > PAPp, >

PAP¢,> PAPy(see Fig. 1). So, A" and Fe**
can activate kyanite flotation, while Ca™ and
Mg®* depress it because most of them exist in
bulk solution and consume collectors.

3 KYANITE FLOTATION BEHAVIOR

3.1 Flotation behavior of kyanite in the ab-
sence of metal ions

Kyanite flotation recovery as functions of

pH and collector concentration in the absence of

metal ions are shown in Fig. 2 and Fig. 3 respect

Fig. 2 Kyanite recovery( R) as a function of pH

(sodium oleate 5% 10” * mol/ L)



e 24 -

Trans. Nonferrous Met. Soc. China

Sep. 1996

wvely. It can be seen from Fig. 2 that in the pH
range of 7~ 8, kyanite floats best. From Fig. 3,
when pH= 7. 2~ 7. 5, at the highest kyanite

recovery, the optimum sodium oleate concentra

tion is more than 4 % 10™ * mol/ L.

Fig. 3 Kyanite recovery as a function

of sodium oleate concentration
(pH= 7.2~ 7.5)

3.2 The influence of metal ions on Kyanite
floatability

The influence of metal ions with a concen-

tration of 1% 10”* mol/ L on floation behavior of

kyanite-sodium oleate system is shown in Fig. 4.

It is clear that AI’* and Fe’ activate kyanite

flotation but Ca® and Mg depress it. The

Fig. 4 Kyanite recoveries as functions
of pH in the presence of sodium

oleate and metal ions
L —AP" ;2 —Fe¥ ; 3—Ca® ; 4—Mg™

recoveries of kyanite under the influence of metal
ions are in the following order: R 1> Rp.> R,
> Ry, which is agreeable completely to that of
PAPs of metal ions adsorbed on kyanite surface.
In other words, PAP stands for activation power
of metal ion in mineral flotation. The larger the
PAP, the stronger the activation power of the
ion. When the PAP of metal ion is small to a
certain extent, it will depress mineral flotation.
The influence of metal ion concentrations on
flotation behavior of kyanite-sodium oleate sys
tem is shown in Fig. 5. It indicates that both op-
timum concentrations of AI’* and Fe’* are about
1% 10" % mol/L, and that A’ has a stronger

. . 3+ .
activation effect than Fe’™ ion does.

Fig. 5 Kyanite recoveries as

functions of metal ion concentrations
1 —AP": 2 —Fe**
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