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ABSTRACT: In this study, the effect of surface dissolution by oxalic acid was investigated on the
flotation kinetics and kinetics of collector adsorption for ilmenite in the presence of olivine-pyroxene,
tremolite-clinochlore and quartz. Fitting of first-order kinetic model on the results of flotation before
and after surface dissolution showed that flotation kinetic constant (K) and ultimate recovery (Roo)
of ilmenite is increased after surface dissolution and they are decreased for gangue minerals. The
results showed that the kinetic selectivity index of ilmenite in the presence of olivine-pyroxene,

tremolite-clinochlore and quartz are increased from 1.28 to 1.98, 1.42 to 3.02, and 3.58, respectively, Keywords:

after surface dissolution indicating the positive effect of surface dissolution process. Investigating Surface dissolution

the kinetics of collector adsorption showed that the collector adsorption is conforming to second- o
S . . S . . Kinetics
order kinetic model. After surface dissolution, the kinetics of collector adsorption and initial rate _
of collector adsorption on ilmenite surface is increased from 3.85 to 8.44 g.mol-1 min-1 and it is Flotation
decreased for olivine-pyroxene, tremolite-clinochlore and quartz from 6.33 to 5.03, 7.3 to 6.22 and  Collector adsorption
7.77 to 7.37 g.mol-1 min-1, respectively. These results are in good agreement with the results of Ilmenite

collector adsorption via UV analysis which the collector adsorption on ilmenite surface is increased

and it is decreased for gangue minerals after surface dissolution. The results of SEM showed that the

surface of ilmenite becomes smoother and uniform and about the gangue minerals, some cavities are

produced due to dissolution of surface cations.

1. INTRODUCTION

The adsorption of molecules and ions from the solutions
on mineral surfaces is an important factor for controlling the
flotation process [1, 2]. On the other hand, the adsorption of

stirring in a 7.5% (w/w) oxalic acid solution for 10 minutes.
In each test, 1 g of purified mineral samples was added to the
50 ml of double deionized water and prepared at pH=6.3 and
conditioned at the times of 1, 2, 3, 4, 6, 8, and 12 minutes.

the collector on the mineral surface is the most important
factor in the selectivity of mineral separation through
flotation process [3]. Kinetics is one of the most important
parameters of flotation [4, 5]. Flotation kinetics is consisted
of two parameters, including kinetic constant (K) and
ultimate recovery (R_) which affect the flotation kinetics
simultaneously.

Surface dissolution can dissolve the ions from the
surface of minerals and also it can cause adsorption of the
collector on the surface of minerals selectively and improve
the floatability of minerals [6, 7]. The aim of the study is
to pursuit the effect of surface dissolution on the flotation
kinetics and kinetics of collector adsorption on ilmenite,
olivine-pyroxene, tremolite-clinochlore, and quartz.

2. METHODOLOGY
The surface dissolution of the pure minerals with a size of
—150 +45um before the tests was carried out by mechanical
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Then, the adsorption density of collector on the mineral
surfaces (qt) at A = 192 nm [8] is calculated by Equation 1:

_(G,-C)Y "
W.A

Where, C and C present theinitial 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 q_ is
the adsorption density (mol/m?). The flotation of minerals has
been carried out in 1.5 L Denver cell with 30 solid percentages.
The froth skimming was carried out at the times of 0.5, 1,
1.5, 3, 5, 8, 12, and 15 minutes in each 20 second. First-order
flotation kinetic model was used to fit the experimental data
by the Mathematica software.

q.

R=R_x(1-e™) )

Where, K and R_ present the kinetic constant and
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ultimate recovery, respectively. t is the flotation time.

3. RESULTS AND DISCUSSION
3.1. Flotation of mixed minerals

The results of “Fig. 1” show the flotation recovery occurs
quickly in the first 3 minutes after surface dissolution. Also,
Ilmenite recovery was increased from 57.7 % to 65.6 % in the
presence of olivine-pyroxene after 5 minutes. On the other
hand, the recovery of treated olivine-pyroxene was decreased
from 40% to 25.9%.

“Fig. 2” presents the fitting of the first-order kinetic model
on the cumulative recovery-time curves of ilmenite before
and after surface dissolution. The results showed that the
classical model has the best fit to the experimental recoveries
before and after surface dissolution. The software calculated
the ultimate recovery and kinetic constant of flotation.
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Fig. 1. Flotation recovery of ilmenite in the presence of olivine-
pyroxene at pH=6.3 before and after surface dissolution
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Fig. 2. Fitting the first-order kinetic model on the experimental
data a) before and b) after surface dissolution of ilmenite at
pH=6.3
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Table 1. Kinetic parameters of ilmenite flotation before and
after surface dissolution

Feed Ilmenite+( Olivine-pyroxene)
Mineral in . ..
IImenite Olivine-pyroxene

concentrate

Kinetic

et Before | After | Before After
parameters

Ultimate

72.75 80.9 55.2 445
recovery (R.)

Kinetic constant
(k)
R, 0.995 | 0.997 | 0.991 0.995
Modified Kinetic
constant (K.,

0.477 | 0.516 | 0.512 0.473

36.15 | 41.73 | 28.26 21.06

Selectivity index Before After
(S.1) 1.28 1.98

3.2. Modified kinetic constant and selectivity index

The modified rate constant (K_=kxR_) and the kinetic
selectivity index (S.I=%,,/k,,) can be used to compare
the results where the K_ and K_, are the modified rate
constants of ilmenite and gangue minerals [9, 10]. The
results of the comparison between K and S.I values for
the ilmenite are shown in “Table 1” before and after surface
dissolution. The results showed that the modified constant
kinetic (K ) of ilmenite was increased from 36.15 to 41.73
after pretreatment, while in the case of Olivine-pyroxene, it
was decreased from 28.26 to 21.06. On the other hand, the
kinetic selectivity index for the separation of ilmenite from
olivine-pyroxene is increased from 1.28 to 1.98. This shows
that the surface dissolution improves the kinetics of ilmenite
flotation.

4. CONCLUSIONS

This study investigates the effect of surface dissolution as
a surface modification pretreatment as well as study flotation
kinetics and kinetics of collector adsorption.

»>Surface dissolution improves the ilmenite floatability,
while the flotation recoveries of Ol-Px, Tr-Cch, and Q are
decreased after pretreatment.

»The flotation rate constant and ultimate recovery of
treated ilmenite in the presence of all gangue minerals was
improved, while it decreased those parameters for the treated
gangue minerals.

»The modified rate constant and kinetic selectivity
indices are increased for treated ilmenite. In the case of Ol-Px
and Tr-Cch, and Q as the gangue minerals, these parameters
were decreased after surface dissolution.

»The kinetics of collector adsorption on the ilmenite
surface was improved and it was decreased for Ol-Px and Tr-
Cch, and Q.
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