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Abstract: surface dissolution is one of the surface modification methods which has been used prior to the flotation process to
improve minerals flotability. In this study, the effect of surface dissolution has been investigated on isotherm and adsorption
kinetics of sodium oleate as a collector on the surface of ilmenite, olivine-pyroxene and quartz. Conditioning time, pH,
temperature, activation energy, specific area and contact angle were the parameters which were studied before and after surface
dissolution. The results of adsorption isotherms of Langmuir, Freundlich and Temkin, and kinetic models of elovich, lagergerin and
pseudo second-order showed that the collector adsorption on the minerals surfaces can be well described by Langmuir isotherm
and pseudo second-order kinetic model. The collector adsorption on the minerals surfaces is occurred mainly based on adsorption
capacity from solution and single layer. Results indicated that the surface dissolution increases of the collector adsorption on
ilmenite surface while decreasing it in gangue minerals. Also, the activation energy of ilmenite is reduced form 57255.4 J/mol to
42437.9 J/mol after surface dissolution which indicates a more favorable collector adsorption on ilmenite. Furthermore, after
surface dissolution the activation energies of quartz and olivine-pyroxene are increased from 5746.5 J/mol to 5816.5 J/mol, and
from 8326.6 J/mol to 12523.3 J/mol, respectively. Results of contact angle measurements showed that the contact angle of
ilmenite is increased and while it is decreased in gangue minerals after surface dissolution. These results were in good agreement
with the results of UV-Vis spectroscopy, collector adsorption and ICP analysis.

Keywords: Surface dissolution, Adsorption isotherm, Adsorption kinetics, Ilmenite, Sodium oleate.

INTRODUCTION

Adsorption phenomenon is a vital factor in industrial processes. Mineral flotation,
flocculation/coagulation, micellar flooding of oil wells and dewatering are the processes in which
performance is controlled by the adsorption of molecules from solution to the solid surfaces.
Energetically favorable interactions between mineral and surfactant result in the adsorption
phenomenon. The adsorption process can be affected by the characteristics of minerals, ions and
solution components of the system. The collector adsorption on the surface of various minerals is
an important factor for controlling the flotation selectivity. Surface dissolution, as a surface
modification method, has been used to improve the ilmenite flotability. Therefore, the aim of the
study is to investigate the effect of surface dissolution on the isotherm and kinetics of collector
adsorption, as the essential factors in the flotation output, on the surface of ilmenite, olivine-
pyroxene and quartz.

METHODS

The relatively pure minerals of ilmenite, olivine-pyroxene and quartz were prepared from titanium
ore which is located in the northwest of Iran. The —150 +45um size fraction was used for the
adsorption and flotation experiments. In all experiments, sodium oleate and oxalic acid supplied
by Sigma Aldrich were used as the collector and the surface dissolution agent, respectively.

Surface dissolution The surface dissolution of the minerals prior to the tests was carried out by
mechanical stirring in a 7.5% (w/w) oxalic acid solution for 10 minutes. After filtration of the
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suspension, solid phase was washed for 5 minutes with double distilled water in a beaker and then
dried at 25 °C.

Adsorption test Langmuir, Fraundlich and Temkin models are the most common isotherm models
which are used for investigating the adsorption isotherms. Kinetic study of the adsorption process
is a vital factor which is governed by the rate of adsorbed oleate ion on the surface of minerals.
Elovich, Pseudo first and second order models are the most common kinetic models which are
used for modeling the kinetic rates. In each test, 1 g of purified mineral samples in a size range of
+45 -150 micron was added to the 50 ml of double deionized water. These experiments were
carried out under different experimental conditions including reagent dosages, temperatures, times,
and pH values. Thus, the adsorption density of collector on the mineral surfaces (gt) at A =192 nm
[6] is calculated by equation (1):

(C,—C,)xV
= Lo )XV 1)
M x A
Where, Co and C; present the initial and final concentrations of sodium oleate in solution (mol/L),

respectively. V is the volume of solution (L), M is the mass of mineral sample (g), A is the specific
surface area of mineral sample (m?/g) and qt is the adsorption density (mol/m?).

o

BET Analysis The NOVA-1000 instrument manufactured by Quantachrome with nitrogen gas as
the absorbent was applied to measure the surface area of the minerals. In each test, a 0.5 g of
purified minerals with a size of -150 pm was used.

ICP-Mass In each test, 10 g of purified samples was placed into a beaker which contains the acid
solution. After agitating with a mechanical stirrer for 15 minutes, the suspension was filtered, and
the remaining liquid phase was analyzed by Inductively Coupled Plasma Mass Spectrometry (ICP-
MS) to determine the concentration of elements which were transferred from surface to solution
after surface dissolution.

Contact angle Sessile drop method was used for measuring the contact angle of the minerals before
and after surface dissolution. Cleaned samples were immersed in a given collector solution of 120
mL for 15 min with the desired pH value. A water drop was created on the sample using a micro
syringe. After the drop was in contact with the sample, an image was captured using a camera. The
contact angle was measured using Image J software.

FINDINGS AND ARGUMENT

Surface area (BET analysis) The surface area is a necessary factor for determining the adsorption
densities of collector on the surface of minerals. The surface areas of ilmenite and two gangue
phases were measured by BET method before and after surface dissolution. The results showed
that the surface areas of all minerals are increased after pretreatment. After surface dissolution of
all three minerals, the liquid phases were analyzed separately by the ICP-Mass method. Results
showed that Fe?*, Mg?*, Ca?* and AI** ions are dissolved through pretreatment and this affects the
surface properties of the minerals (Table 1).
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Table 1. lons dissolved from ilmenite and two gangue minerals after surface dissolution by ICP-Mass analysis

Sample Content of dissolved element (ppm)_ _

Ca Fe Mg Si Ti

lImenite - 129.5 45.2 - 0.31
Olivine-Pyroxene 628.15 1254.8 551.7 259.4 -
Quartz - 89.5 34.5 421.6 -

Effect of pH Fig. 1 shows the adsorption densities of oleate ions on the surface of original and
treated minerals as a function of pH. Results showed that the maximum values of collector
adsorption densities of non-treated and treated ilmenite occur at a pH of 6-6.5. It can be due to the
presence of Fe ions on ilmenite surface [5]. Also, the adsorption density of collector on original
olivine-pyroxene is reached to the maximum value at a pH of 9. It can be due to presence of
surface-active ions such as Fe?*, Ca?* and Mg?* on their surfaces. After surface dissolution, the
collector adsorptions on the surface of olivine-pyroxene are decreased in whole pH range,
especially in alkali pH values. This can be related to the removal of surface-active ions from their
surfaces [6-8].
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Fig 1. Adsorption density of collector on ilmenite and gangue minerals before and after surface dissolution as a
function of pH (collector concentration= 3.65x10* mol/L, T= 25 °C)

Adsorption Isotherm Table 2 showed that the Langmuir isotherm model with the highest R? value
is the best describing model for the adsorption process before and after surface dissolution. This
model postulates that the adsorption of collector molecules on the mineral surface, with all
adsorption sites, is a monolayer adsorption while they are all energetically equivalent [9]. The gm
value of the Langmuir isotherm model for the treated ilmenite and quartz increased 17.3 % and
4.72%, respectively, while it decreased 34.1 % for the treated olivine-pyroxene.

Adsorption Kinetics The results of adsorption kinetics showed that the pseudo second order model
can well describe the adsorption kinetics of oleate ions on the surface of minerals among the three
kinetic models (Table 3). This shows that the adsorption phenomenon is based on the adsorption
capacity of the mineral [10-11].



Iranian Journal of Mining Engineering- IRJME Vol. 13, No. 39, 2018, pp. 68-81

Activation energy The positive values of Ea for all minerals showed that the adsorption of oleate
on the surface of the minerals is an endothermic reaction. Results showed that activation energy
of ilmenite decreases from 57.255 kJ/mol to 42.437 kJ/mol, indicating the easily adsorption of
oleate ions on the surface of treated ilmenite after surface dissolution. This is due to the conversion
of Fe?* ions to Fe* ones on the surface of ilmenite. Increasing the Ea for OI-Px and Q minerals
from 8.326 kJ/mol and 5.746 kJ/mol to 12.523 kJ/mol and 5.816 kJ/mol, respectively, indicate less
adsorption of oleate ions on the surface of these gangue minerals. This is due to the removal of Fe,
Ca, and Mg ions from the surface of those minerals.

Table 2. Comparison of different parameters for various isotherm models at T=25°C.

Isotherms Langmuir Freundlich Temkin

Parameters R? gm KL R? N Kt R? Kt B
IL Before | 0.99 | 1.068 E-05 | 10732.3 | 0.94 | 2.06 | 0.00046 | 0.96 | 90069.2 | 2.5E-06
After | 099 | 1.214E-05 | 311755 | 0.95 | 2.70 | 0.00026 | 0.94 | 324760 | 2.6 E-06
O1-PX Before | 0.99 | 1.642 E-05 | 9522.21 | 0.92 | 1.75 | 0.00085 | 0.96 | 83563.5 | 2.2 E-06
After | 099 | 1.082E-05 | 4879.28 | 0.94 | 1.44 | 0.00197 | 0.95 52519 2.1E-06
Quartz Before | 0.99 0.74 41951 | 092 | 1.47 | 0.00011 | 0.96 | 43458.6 | 1.6 E-06
After | 0.99 0.775 3699.6 | 0.93 | 1.42 | 0.00013 | 0.95 | 40656.8 | 1.6 E-06

Contact angle The results of contact angle (Fig. 2) showed that the surface dissolution increases the
hydrophobicity of ilmenite in whole pH range which can be caused by the presence of Fe?* and
Fe3* ions on ilmenite surface interacting with oleate ions. Also, the hydrophobicity of olivine-
pyroxen decreased after surface dissolution which is described by the removal of Ca and Mg ions
from that surface [12-13].
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Fig 2. The results of contact angle for the minerals before and after surface dissolution
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Table. 3 Adsorption kinetic parameters of oleate ions on IL, Ol-Px and Q surfaces befor (BS) and after (AS) surface

dissolution (collector concentration= 3.65x10* mol/L, T= 25 °C).

Kinetic models Pseudo second order
. S,
2
Minerals R (x10° mol/m?) Kz
limenite (1L) BS 0.998 0.097 3.8593
AS 0.999 0.105 8.4408
.. BS 0.996 0.0706 6.3320
Olivine-Pyroxene (OI-Px) AS 0.999 0.0603 5 0341
BS 0.997 0.0536 7.774
Quartz (Q) AS 0.996 0.0514 7371

CONCLUSIONS

In this study, the effect of surface dissolution on the behavior of collector adsorption on ilmenite,
olivine-pyroxene, and quartz was studied. The surface dissolution changes the surface properties
of the minerals such as position and distribution of surface ions, surface area, hydrophobicity, and
also kinetics and isotherm behviors of collector adsorption on the mineral surfaces. Results showed
that the collector dsorption on treated ilmenite increased, while it decreased in gangue minerals. It
should be noted that the surface dissolution can be used as the method of surface modification for
minerals with similar ions on their surfaces.
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