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Abstract: The FTIR spectroscopy indicates that the adsorption of quaternary ammonium salt DT AL on the diaspore and

kaolinite is physical adsorption. The adsorption of cationic surfactants measured by two phase titration shows that the ad-

sorption on the kaolinite is notably more than that on diaspore. T he adsorption isotherm on kaolinte is linear while that of

DTAL on diaspore is two step flat form. The analysis on the cationic ions of kaolinite supernatants shows that kaolinite re-

leases plenty of crystalloid structure ions which countervail the crystalloid charge because of the adsorption of the cationic

surfactant. The mechanisms of the quaternary ammonium salt DT AL on flotation separation of diaspore and kaolinite in-

clude ion exchange interaction as well as electrostatic force.
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1 INTRODUCTION

In reverse flotation of diasporic bauxite, it is re-
quired to float the silicates, such as kaolinite, pyro-
phyllite and illite, in order to obtain high ratio of
Al,03/Si0, concentrate. The collectors in reverse

flotation usually are the cationic surfactants, for ex-
ample, quaternary ammonium salt. There are a lot of
researchers on the flotation behavior of the sili-
cates! '™ | Fuerstenau et al'® and Sun et all”' summa
rized in detail the crystal chemistry, electrical double
layer properties and their correlation with flotation
behavior of silicate such as orthosilicates, sheet sili-
cates, framework silicates. As for the sheet silicates
which are the major silicious minerals in the diasporic
bauxite, some researchers studied their flotation be
havior or their interaction mechanisms with the alkylk
amine or other nitrogenous organic collector'® '
And also there are some researches on the flotation of
silicates with quaternary ammonium species as collec
torl ' 21 Bittencourt!'"! gained the high purity gibb-
site concentrate which included 97. 4% Al,O3 and
whose recovery was 90% by separating kaolinite from
bauxite concentration with the quaternary ammonium
salt at pH= 6. Wang!'? studied the flotation behavior
of sheet silicates, kaolinite, pyrophyllite and illite by
quaternary ammonium DTAL.

The adsorption of surfactant on mineral particles
plays an important role in the interfacial phenomena

at the solid/ liquid interface and mineral flotation.

Therefore, the adsorption mechanisms and character-
istic have been very interesting subjects. It is general-
ly accepted that ionic surfactant adsorbs readily due to
electrostatic interaction on oppositely charged surfaces
in the low concentration range'®® "> ' With an in-
crease in surfactant concentration, the adsorption in-
crease sharply above the hemimicelle concentration
(HMC)'"!. Consequently, various adsorption models
have been proposed by many coworkers, for example,

[13,17,18]
I ,

the reverseorientation mode the twostep

model ' 1!
ol 15200

, and the small surface micelle mod-

We previously reported the effective separation
of kaolinite from diaspore by quaternary ammonium
compound (DTAL) which is a kind of cationic surfac-

[12

tant''? . In this article the mechanisms of the adsorp-

tion of DTAL on diaspore and kaolinite was studied

by solution Fourier Transfer Infrared (FTIR), ad-

sorption measurement and chemical analysis.

2 EXPERIMENTAL

2.1 Material

The pure mineral samples of kaolinite and dias-
pore were from Xiaoguan and Pingdingshan in Henan
Province, China, respectively. The lump ore was
hand-picked, ground by porcelain mill, and screened
to 07 0.098 mm. Collector was a quaternary ammo-
nium compound (DTAL). Sodium hydroxide and hy-
drochloric acid were used as pH adjustors. Distilled
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water was used in all experiments.

2.2 FTIR

The 0. 2 mL 0. 2% ( mass fraction) kaolinite or
diaspore slurry was mixed with the 0. 8 mLL. DTAL
solution with concentration of 5% 10™ * mol/ L and 0.
1 mol/ L respectively. Then 0. 8 mL distilled water
was added. After airproof and vibration for 24 h, the
slurry was measured on the Nicolet FTIR instru-
ment, and ATR FTIR spectra were recorded.

2.3 Adsorption measurement

In order to keep the same condition of flotation,
3 g kaolinite or diaspore sample was put into flotation
cell with volume of 25 mL. After 22 mL water was
added, the cell was hanged and stirred by the impeller
of the laboratory XFG flotation machine for 3 min.
The adsorption was divided into two parts: 1) the ad-
sorption of 4 x 10 * mol/L. DTAL at different pH
values and 2) the adsorption of different concentration
DTAL at the pH= 6. In part 1, the pH of the slurry
was regulated to the desired value, then 4 x 107 *
mol/ L DTAL solution was interacted with the slurry
for 5 min; in part 2, after regulating the pH= 6, the
desired concentration DTAL was interacted with the
slurry for 5 min. After that, the slurry was spilled to
centrifugal tube and run for 10 min in the GL-20G- II
refrigerant centrifugal machine, whose centrifugal ve-
locity is 230 r/s. 2 mL supernatants were analyzed
for the concentration of the cationic surfactant DTAL

by two-phase titration technique!*'".

2.4 Chemical analysis of inorganic cation concemr
tration in kaolinite slurry

8 g kaolinite (0. 098 = 0. 15mm) and 200 mL
distilled water were mixed in the beaker and stirred
by the magnetic stirrer for 30 min. Then the slurry
was equally divided into two parts: one was interact-
ed with 10 mL 5 x 10" > mol/ L DTAL solution and
the other was interacted with 10 mL distilled water
for 4 h on the stirring. After that, the slurry was
spilled to centrifugal tube and run for 10 min in the
GL-20G- IT refrigerant centrifugal machine, whose
centrifugal velocity is 230 r/s. 40 mL total supernate
was analyzed for the concentration of the inorganic
cation Na*, K*, Ca’* and Mngr .

3 RESULTS AND DISCUSSION

3.1 FTIR spectra

The FTIR spectra of DTAL, kaolinite and kaoli
nite interacted with DT AL are shown in Fig. 1. The
FTIR spectra of diaspore and diaspore interacted with

DTAL are shown in Fig. 2. It can be seen from Fig. 1
and Fig. 2 that the peaks at 2 925 em™ ' and 2 856
em™ ' are due to the asymmetric and symmetric
stretching vibration of C—H bond, whose theoretic
peaks are at the range of 2 850 =3 000 cm™ '. The
three peaks under 1 500 cm™ ' are due to the curving
vibration of C —H bond. Peaks at the range of 1 020
= 1220 cm™ ! attributed to C —N bond stretching vi-
bration are not found because their intensities are very
weak! 2!, The peaks at 905 em™ ', 961 em™ ' and 1
483 ¢m™ ' are the characteristic peaks of quaternary
ammonium group from the standard FTIR. The
peaks at 2 925 cm™ ' and 2 856 cm™ ' both appear in
the FTIR spectra of kaolinite and diaspore which are
interacted with DTAL, and their different intensity
may be due to the different interaction concentration
of DTAL. This indicates the adsorption of DTAL on
kaolinte and diaspore. But there isn't any shift of the
peaks in the FTIR, so the adsorption of DTAL on
kaolinite and diaspore may be mainly of physical in-
teraction.

3.2 Adsorption measurement
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Fig.1 FTIR spectra of kaolinite, DTAL and
kaolinite interacted with DTAL
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Fig.2 FTIR spectra of diaspore before and
after interaction with DTAL
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The adsorption of DTAL on kaolinite and dias-
pore at different pH conditions is shown in Fig. 3. It
can be seen that the adsorption of DTAL on kaolinite
and diaspore increases with the pH value increasing.
This may be due to the electrostatic interaction be-
cause the negative potential of kaolinite and diaspore
increases with the pH value increasing! ™. Tt can also
be noticed that the adsorption of DT AL on kaolinite is
much more than that on diaspore corresponding to the
floatability of kaolinite and diaspore! !, The adsorp-
tion isotherms of different concentration DTAL on
kaolinite and diaspore are presented in Fig. 4. The
adsorption isotherm of DT AL on diaspore is a double
plat form. At low concentration, the electrostatic ad-
sorption corresponds to the first plat. With the in-
crease of the concentration of DTAL to about 1.5 X
10" * mol/ L, there is an increase in the adsorption at-
tributed to the formation of surfactant aggregated at
the solid/ liquid surface because of the role of hy-
drophobic interactions betw een the hydrocarbon tails.
This corresponds to the second plat. While the ad-
sorption of DT AL on kaolinite linearly increases in the
experiment range with the increase of the concentra
tion of DTAL and is much more than the adsorption
on diaspore. Almost 90% of the initial concentration
adsorbed is independent of the initial concentration.
Obviously the electrostatic interaction can't explain
the phenomena.
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Fig. 3 Adsorption of DTAL on diaspore and

kaolinite as a function of pH

3.3 Chemical analysis of inorganic cation concemr
tration in kaolinite slurry

It is generally accepted that kaolinite has some

cation exchange capacity. Organic cations are strong-

ly preferred to the exchange sites over the Na'

jons! 2,

The change of the cations concentration in
the absence and presence of DTAL is given in Table
1. It is shown that the cations concentration is great-
especially the

ions such as Mg> and Ca’* after the addition of

ly increased, divalent
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Fig. 4 Adsorption isotherms of DTAL on
diaspore and kaolinite at pH= 6

Table 1 Cationic concentration of supernatant
of kaolinite slurry (mg/ L)
Difference before
Cation In absence  In presence and after
species of DTAL of DTAL interaction
with DT AT
K* 4.3 7.1 2.8
Na* 3.1 3.6 0.5
Mg 2.6 10. 4 8.8
Ca™ 2.3 7.9 5.6

cationic DT AL.

Kaolinite has layered structure with an extended
sheet on the crystallographic ab plane composed of a
siloxane layer of tetrahedral Si, and a gibbsite layer of
octahedral Al. Both layers are connected by bridging
oxygens. The arrangement of tetrahedral Si gives rise
to ditrigonal cavities along the surface, which permits
the existence of the small volume cationic ions. The i
somorphic substitution of Si( IV) for Al( I} in the te-
trahedral position develops a permanent negative
charge within the siloxane layer, which accounts for
the compensatory cationic ions. The layered structure
kaolinite swells when water exists, which allows for
the exchange and diffusion of these cationic ions:
Ca’*, Mg2+ , Na*, K" andH" . It is commonly be-
lieved that cationic exchange occurs due to the broken
bonds around the crystal edges, the substitution
within the lattice, and the hydrogen of exposed sur
face hydroxyls that may be exchanged.

The protonation/ deprotonation or the cationic
exchange of the exposed surface sites can be denoted
as:

> SO™ + H" (M*) => SOH’(> SOM% (1)
where > S represents the surface site, M represents
the metal cationic.

At the existence of the DTA", the exchange
will further occur:
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> SOH’(> SOM’) + DTA* =
> SO- DTA’+ H* (M*) (2)

This is the reason that the cationic concentration
in the supernatant of kaolinte slurry increases in the
presence of DTAL in the solution.

While diaspore has hexagonal compact accumula
tion lattice. It is difficult for the diffusion of cationic.
Its exchange can only occur on the surface, which
limits the adsorption of DTAL.

As mentioned above, the adsorption of DTAL on
the surface of kaolinite is not only the electrostatic in-
teraction, but also the cationic exchange process. Be-
cause of the abundance of the exchangeable cationic in
the kaolinite, there allows for abundant adsorption of
DTAL. The absorbed DTAL is more than 90%;
while the lattice of diaspore limits its adsorption,
bringing about only 50% absorption. When the kaoli-
nite and diaspore are put together in the bulk, they
will further compete for adsorption of the DTAL,
then the adsorption of DT AL is little on the surface of
diaspore compared with the surface of kaolinite. T he
more adsorption of DT AL results in hydrophobic sur
face corresponding to the high floatability of kaolin-
ite. This causes the separation of kaolinite from dias-
pore. The high grade bauxite, whose Al;03/Si0; is
10. 63 and the recovery is 86. 25% , was obtained by
SFL regulator and DTAL collector' ',

4 CONCLUSIONS

The solution FTIR spectroscopy indicates that
the adsorption of quaternary ammonium salt DTAL
on the diaspore and kaolinite is physical adsorption.
The adsorption of cationic surfactants on the kaolinite
is notably more than that on diaspore. The adsorption
isotherm on kaolinte is linear while that of DTAL on
diaspore is two-step flat form. The further analysis on
the cationic ions of the supernate of kaolinite shows
that kaolinite releases plenty of crystalloid structure
ions which countervail the crystalloid charge because
of the adsorption of the cationic surfactant. The
mechanisms of the quaternary ammonium salt DTAL
on flotation separation of diaspore and kaolinite in-
clude ion exchange interaction as well as electrostatic
force.
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