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An Electrochemical Dissolution Study of Ilmenite Fraction of
Beach Sand in Sulphuric Acid Solution

M. Rostom Ali", R. K. Biswas, Md. Golam Zakaria
(Department of Applied Chemistry and Chemical Engineering, Rajshahi University,Rajshahi-6205, Bangladesh)

Abstract : Electrochemical techniques have been used to investigate the dissolution behaviors of ilmenite fraction of beach sand
of Bangladesh in sulfuric acid solutions at various temperatures. The cyclic voltammetric studies indicated that the dissolution of il-
menite was very difficult without the addition of carbon powder in ilmenite. The effects of ilmenite-carbon ratio, acid concentration
and temperature on cyclic voltammograms have been investigated to understand the dissolution process of ilmenite. The investigat-
ed results showed that the dissolution rate of ilmenite was slow at low applied reduction potentials and temperatures. However, the
dissolution rate was accelerated at more negatively applied reduction potentials and higher temperatures. The dissolution rate was
also increased with the increasing acid concentrations up to 1 mol-L". At larger acid concentrations and higher reduction potentials,
the dissolution rate was decreased due to the starting of H, gas evolution which eventually reduced the active surface area of pellet
by adsorption. The activation energy was evaluated to be 50 + 10 kJ-mol” in the higher temperature region, while 15 + 5 kJ - mol"

in the lower temperature region, suggesting the diffusion controlled process at the lower temperature region and chemically con-

trolled process at the higher temperature region.
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An estimated 3.5-million-ton of heavy mineral
deposit has been discovered in the sand of Chit-
tagong-Cox’s Bazar-Teknaf beach and off-shore is-
lands of Moheskhali, Kutubdia, and Nizhum-Dwip of
Bangladesh. This deposit includes ilmenite, rutile,
magnetite/hematite, zircon, garnet and monazite ",
The Pilot Plant of Bangladesh Atomic Energy Com-
mission (BAEC) at Kalatoli, Cox’s Bazar has fraction-
ated the heavy fraction of beach sand into the above
cited minerals.

The complete dissolution of ilmenite or leaching
out of iron from ilmenite to form synthetic rutile is a
very difficult task. Acid leaching (complete or frac-
tional) is not so effective at moderate conditions ex-
cepting in hydrofluoric (HF) acid™. A thorough study
in the dissolution of ilmenite with HF has demon-
strated that 5.5 mol-L" HF at its boiling temperature
under an atmospheric pressure can dissolve as much

as 81% Ti and 26% Fe presented in ilmenite at solid
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to liquid (S/L) ratio of 0.05 g-mL" in 300 min. How-
ever, this method suffers from inconveniences en-
countered in HF-handling, considerably long leaching
time and too many steps to recover the desired prod-
uct.

Dilute hydrogen chloride (HCI) is not so effective
for ilmenite dissolution®™. It has been reported that the
pressure leaching at 150 °C with ~ 12 mol - L' HCI
could leach out iron from ilmenite to get the feed (syn-
thetic rutile) of the chlorination process®. Leaching
of ilmenite by 6 mol:L"' HCI + 0.5 mol-L"' C,H;OH/
CHs;OH has been thoroughly investigated by Habib
et al.l®!. The ethanol mixed reagent could dissolve as
much as 88% Ti and 95% Fe; whereas the phenol
mixed reagent could dissolve only 81% Ti and 85%
Fe in comparison to 74% Ti and 81.5% Fe dissolu-
tions in 6 mol-L"' HCI alone at 110 °C and S/L = 0.02
kg-L"in 7 h. The dissolution behaviours of ilmenite
from different sources by HCI have been reported by
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™2 Moreover, the dissolution of il-

several workers!
menite on roasting with LPG-pyrolysed products fol-
lowed by leaching with 6 mol-L" HCI and 3 mol -L"
H,SO, has been investigated™. At the optimized con-
ditions, 85% Ti and 80.1% Fe dissolutions in 6 mol-L"
HCI; and 52.3% Ti and 60.8% Fe dissolutions in 3
mol -L! H,SO, occurred. On the other hand, 93% Ti
and 95% Fe dissolutions in 6 mol -L"' HCI could be
achieved on roasting ilmenite by reformed product of
LPG-H,0 mixture in the presence of nickel powder.

Several reports on mechanical activation of il-
menite followed by acid leaching are available. Baba
et al.!™ have reported the mechanical activation of
Nigerian ilmenite followed by alkali roasting (60%
NaOH at 850 °C ) and H,SO, leaching (60%, v/v for
4 h at 90 °C) for 72% Ti-dissolution. Synthetic rutile
of 10 ~ 200 nm size with the purity >98% has been
prepared from ilmenite following ball milling, car-
bothermic reduction and HCl-leaching!"®. A new pro-
cess involving mechanical activation-HCI leach-
ing-conc. H,SO, decomposition-water leaching-sepa
ration of Fe(III) with ethylene diamine tetraacetic acid
(EDTA) during hydrolysis has been reported!”) to
prepare high purity TiO, from Panzhihua ilmenite.
Zhang et al."™ have reported the effects of oxida-
tion-reduction treatment and mechanical activation
on HCl-leaching performance of Panxi (China) ilme-
nite. The method consists of (i) oxidation at 900 °C in
O, for 15 min, (ii) reduction at 750 °C in H, for 30 min,
(ii1) ball milling for 2 h under N, atmosphere, (iv)
ambient pressure leaching by 20% HCI for 10 h, (v)
filtration and (vi) calcinations of the residue and the
product containing 90.5% TiO,, 1.37% Fe, 1% CaO
and 1% MgO. The mechanical activations of ilmenite
followed by 5 ~ 20% H,SO, leaching"”! and by HCI
leaching™ have also been reported.

Using factorial design, the detrimental effect of
pre-oxidation on dissolutions of Fe and Ti from an
Iranian ilmenite by HCI leaching has been reported",
Panzhihua ilmenite has been leached under pressure
with 40wt% H,SO, at 150 °C and acid/ore mass ratio
of 2 for 3 h to obtain a mass containing 85% titania®.

A combined acid and alkali leaching of ilmenite has

been used™ to synthesize high value TiO, nanowires.
Rod shaped nano-sized titania (80% TiO,) has been
reported by double reductive HCI leaching of il-
menite™”. Janssen and Putnis™ have reported that the
heat treatment of ilmenite at 700 °C in air results in
the formation of hematite and rutile; and that
hematite was less soluble in HCI. El-Hazek et al.™
have demonstrated that the extent in leaching of 200
mesh ilmenite by 12 mol -L"' HCI at S/L of 1/20 and
80 °C for 2.5 h was equal if 0.10 kg Fe as reducing
agent was added per kg of ilmenite and S/L of 1/8 be-
ing used for 1.5 h.

A few works on ilmenite dissolution Kinetics by
acids are also reported. Sasikumar et al.”” have re-
ported the dissolution kinetics of Indian Man
avalakurichi ilmenite in sulphuric acid (H,SO,) and
HCI. According to Gireesh et al.* the rate constant
for Fe-dissolution from ilmenite by 30% HCI at 700
r-min” and 70 °C was 5.18 x 10° min” and this value
was increased to 6.15 x 10° min” by adding 100 mg
gypsum to the system. Zhang and Nicol™! found the
dissolutions of Ti and Fe from ilmenite in moderately
strong H,SO, solutions in the presence and absence of
reducing agents such as Ti(IlI) and SO,. The rate data
in the presence of reducing agent has been fitted to
shrinking particle model and in the absence of reduc-
ing agent to shrinking core model.

Consequently, it appears that there is no method
for complete dissolution of ilmenite or complete
leaching out of Fe from ilmenite. The electrochemi-
cal dissolution of Fe from reduced ilmenite has been
previously investigated®*?, and the anodic dissolution
of iron and cathodic reduction of oxygen occurred in
NH,Cl solution within 30 ~ 150 °C. Zhang and Nicol®”
have reported the reduction and dissolu tion of il-
menite in 450 g -L"' H,SO, medium at an elevated
temperature by an electrochemical study (the dissolu-
tion of ilmenite occurred at above 0.3 V due to reduc-
tion of hematite, while the dissolution processes for
reduction of ilmenite to Ti(IIl) at negative potentials).

IImenite (p-type semiconductor) possesses electri-
cal conductivities ranging from 0.016 to 0.38 )" -cm™
depending on crystal orientation and hematite con-
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tent™. Thus electrochemical studies can provide use-
ful information on kinetics and mechanism of il-
menite dissolution. However, limited information is
available due to non-availability of pure ilmenite.

As mentioned earlier, the electrical conductivity
of ilmenite depends on the hematite content of the
sample, and this report discusses the results based on
the cyclic voltammetric analysis of Bangladeshi il-
menite concentrate produced by the BAEC pilot plant
for heavy mineral exploration centre at Kalatoli,

Cox’s Bazar.

1 Experimental Procedure
1.1 Materials

[Imenite fraction was collected from the BAEC
pilot plant at Cox’s Bazar. According to BAEC, the
composition of the received sample was: 38.5% TiO,,
25.62% Fe 03, 29.75% FeO, 1.2% SiO,, 0.03% P,0s,
1.2% MnO, and 1.08% Cr,0;. The ilmenite sand was
dry-ground and sieved to collect particles of size < 53
pm. Carbon was collected similarly from the waste
dry cells. All the other chemicals were of A.R. grade
(E. Merck-BDH) products and used without further
purification.

1.2 Preparation of Ilmenite Working Elec-
trodes (Pellet)

Working electrodes were prepared as follows: A
homogeneous paste was prepared by mixing powders
of ilmenite and graphite with liquid paraffin in defi-
nite ratios by mass and placed in a steel holder of 3.3
cm in depth and 1.4 cm in diameter. A copper wire
(10 cm long) was placed inside the mass of the hold-
er. The holder was then placed in a pellet making ma-
chine to form a pellet on applying ~ 40 tons pressure.
The pellet was covered by Araldite epoxy resin ex-
posing the working surface area of 1.54 c¢m’ The
electrode surface was polished with 2000-grade SiC
paper and rinsed with deionized water before each
electrochemical measurement.

1.3 Electrochemical Measurements

Electrochemical investigations including poten-
tial step chronoamperometry, chronopotentiometry
and cyclic voltammetry were carried out using a
Hokudo Denko HAB-151 Potentiostat/Galvanostat,

Tokyo, Japan, equipped with a potential sweeper. Da-
ta were recorded in a computer through data acquisi-
tion system (USA) using WinDaq software. A three
electrode system consisting of a working electrode, a
platinum (50 mm x 10 mm x 0.1 mm) counter elec-
trode and a AgCl-coated silver wire (dissolved in sat-
urated KCI solution) reference electrode (SSE) was
used in all electrochemical studies. The reference
electrode was separated from the bulk solution by a
fine porosity glass frit. The counter electrode was
cleaned electrochemically in 1.5 mol -L"' H,SO,-1.5
mol - L' H;PO, mixture, rinsed with deionised water
and acetone, and dried prior to use. All potentials in
this work are quoted with respect to the Ag|AgCl ref-
erence electrode.
1.4 Electrochemical Dissolution of Ilmenite

Fraction

Electrochemical dissolution of ilmenite fraction
was carried out in 0.30 ~ 3.00 mol - L H,SO, solu-
tions under constant potential methods from -0.40 V
to -1.20 V at temperature ranging from 30 to 85 °C.
Following each dissolution experiment, the resultant
solution was analysed for Ti(IV) and Fe*/Fe*" con-
tents. Titanium and iron contents in solutions were
analysed colorimetrically using a UV-visible Spec
trophotometer (UV-1650 PC, Shimadzu, Japan). In
the case of Ti(IV), the H,SO,-H;PO,-H,O, method at
420 nm was used; whereas Fe(Ill) was estimated by
the NH,SCN method at 480 nm™/, The later analysis
was carried out without and after HNO, oxidation for

determining Fe*/Fe’" contents.
2 Results and Discussion

2.1 Characterization of Ilmenite Fraction

by XRD and EDAX

X-ray diffraction analysis has been carried out
with a Philips PW 1716 diffractometer using Cu K,
radiation (40 kV, 30 mA, scan speed: 0.01°-s™) to iden-
tify the compounds/phases existing in the ilmenite
sample. The acquired diffraction pattern is shown in
Fig. 1. The automatching indicates the presences of
Si0,, FeTiOs, Fe,05, TiO,, (Fe, Mg)Ti,0s, Fe,TiOs
and FeCr,O, in ilmenite. X-ray energy dispersive

spectroscope (EDAX) analysis of ilmenite sample has



been carried out with Skyray Instrument Inc., EDX

3600B, UK and the analysis result is shown in Fig. 2.

The Fe, Ti, Cr, Mn, Si and Zr were presented in the

ilmenite fraction of the beach sand in Bangladesh and

among them Fe content was of the highest amount.

The EDAX analysis indicated the presence of iron

beside its presence in ilmenite. The combined XRD

and chemical analyses data indicated that the sample
contained about 62.8% FeTiOs;, 16.35% Fe,TiO; and

14.72% Fe,O; (as free and also as FeCr,0, and (Fe,

Mg)Ti,0s).

2.2 Cyclic Voltammetric Studies of Pellets
Made of Ilmenite-C-Paraffin Mixture
in H,SO,

The cyclic voltammogram recorded on a pellet
electrode made of 2:1:0.1 wt. ratio of ilmenite, car-
bon and paraffin mixture in 1 mol-L" H,SO, solution
at 30 °C with a scan rate of 10 mV -s™ is shown in
Fig. 3 as a solid curve. The rest potential was 0.12 V
(vs. Ag|AgCl). The scan toward a negative direction
(in the second cycle) consisted of the first and second
reduction waves C; and C, with the current densities
starting to increase at 0.52 V and -0.40 V, respective-
ly. An additional reduction wave C; was observed
with the increase of current density starting at -0.75
V. The reverse scan led to the first and second oxida-
tion peaks P, and P, at -0.001 V and 0.70 V, respec-
tively. Additional oxidation wave was observed start-

ing at 1.37 V. The first reduction wave C, was absent

200
4 2,3,4,6,8,13,15,16- FeTiO,
5-Fe,0;4
9,13,14,16- TiO,
150 3,6- (Fe, Mg) Ti,05
3,7,9,10- Fe,TiOs
a 8,10,11,12- FeCr,0,
7 100
§ 5
=
P
50 r
2
0
20 40 60 80

20/deg(CuK,)

Fig. 1 X-ray diffraction pattern of the ilmenite fraction of
beach sand in Bangladesh
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Fig. 2 EDAX profile of the ilmenite fraction

in the forward scan of the first cycle. However, in the
first cycle, the magnitude of the current density in the
second reduction wave C, was the same as that in the
second cycle. On the other hand, the magnitudes of
current densities in the first and second oxidation
peaks (P,; and P,,) were increased in the second cycle.

Compared with the voltammogram obtained in
the absence of ilmenite (the dashed curve in Fig. 3),
the reduction peak appeared at -0.70 V corresponded
to the reduction of H" in H,SO, solution, while the
oxidation peak at 1.35 V to the evolution of O, ac-
cording to the following reactions:

2H"+2e — H,t (at-0.70 V) (1)

2H,0 — 4H"+ O, +4e (at 1.35V) 2)

The voltammogram in the absence of carbon
(the dotted curve in Fig. 3) did not exhitbit any reduc-
tion and oxidation waves. This indicated that the re-
duction of ilmenite was not possible in the absence of
carbon due to the very low conductivity of ilmenite.
The conductivity of ilmenite was increased by the ad-
dition of carbon in pellet. The solid curve in Fig. 3 in-
dicated that the first and second reduction peaks were
responsible for the reduction of ilmenite; whereas the
first and second oxidation peaks were attributed to
the oxidation of the reduced species of ilmenite in
this solution.

Fig. 4 shows the effect of cathodic sweeping po-
tential on the cyclic voltammogram recorded on a
pellet electrode made of 2:1:0.1 wt. ratio of ilmenite:
carbon:paraffin in 1 mol - L" H,SO, solution at 30 °C
with a scan rate of 10 mV -s™. It was readily seen that

the first reduction wave C, corresponded to the sec-
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30 Fe*'+e— Fe*  (at(C) 3)

- FeTiO; + 3H' + e — Fe* + Ti*" + 30H (at Cy)
10 “
_ Froseoes Fe,0; +3H" + 2e — 2Fe* + 30H" (at C,) ®)
N'g -10 + = Ti* - Ti*" + e (at Py) (6)
é I ) Fe* — Fe* +e (at Pp) @)
X -30 1 A 2H,0 —» 4H" +0, + 4e Similar results have been reported by Zhang and
BT Ime:C:Para = 1:0:0.1 Nicol" for the electrochemical reduction and disso-
S50 ¢ e llme:C:Para = 0:1:0.1 lution of ilmenite in H,SO, solution. The dissolved
I T fimeiCiPara = 2:10.1 solution obtained at a constant potential dissolution

-70 - method (-0.80 V) contained Fe*, Fe* and Ti* ions.

-1.5 -0.7 0.1 0.9 1.7
E/V(vs. Ag/AgCl)

Fig. 3 Cyclic voltammograms recorded on a pellet electrode
made of ilmenite, carbon and paraffin mixture in 1
mol-L" H,SO, at 30 °C with a scan rate of 10 mV -s’

30

30 c. T Reverse potential =-0.03 V
*  —-—Reverse potential = -0.67 V
I — Reverse potential =-1.16 V
_50 1 1 1 1 1
-1.2 -0.2 0.8 1.8

E/V(vs. Ag/AgCl)

Fig. 4 Effect of sweeping potential on the cyclic voltammo-
grams recorded on a pellet electrode made of il-
menite, carbon and paraffin mixture in 1 mol -L"

H,SO, at 30 °C with a scan rate of 10 mV - s’

ond oxidation peak P,. The second reduction wave C,
corresponded to the both first and second oxidation
peaks P, and P,. The first cathodic peak at about
0.13 V probably involved the reduction of Fe** to Fe*'
either in solution or in solid phase. The second reduc-
tion wave was possibly associated with the reductions
of FeTiO; and Fe,O; fractions to Ti*" and Fe*"; and
furthermore, the first and second oxidation peaks
were attributed to the oxidations of Ti*" to Ti* and

Fe?" to Fe*, respectively, in solution as given below:

The effect of ilmenite:carbon:paraffin ratio in
pellets on the cyclic voltammogram (the 2nd cycle)
recorded in 1 mol-L! H,SO, solution at 30 °C with a
scan rate of 10 mV -s™ is shown in Fig. 5. It was seen
that the current densities of the 1st and 2nd reduc-
tion/oxidation peaks were increased with the increase
of ilmenite content in the pellets. It indicated that the
2:1:0.1 wt. ratio of ilmenite-C-paraffin mixture in the
pellet would give higher dissolution rate of ilmenite
fraction by constant potential and constant current
methods.

Fig. 6 shows the effect of H,SO, concentration (
[H,SO,]) on the cyclic voltammograms (the 2nd cy-
cle) recorded on a 2:1:0.1 (wt. ratio) ilmenite-C-para-
ffin mixed electrode at 30 °C with a scan rate of 10
mV -s'. The current densities of the reduction and ox

30
10
ﬁ'IE -10
o
b L
E 30
rf/ — Ilme:C:Para = 2:1:0.1
S0 F G —-~IIme:C:Para = 4:3:0.1
| ‘,:,:’ ------ IIme:C:Para = 1:1:0.1
H
_70 1 1 1 1 L 1
-1.4 -0.6 0.2 1 1.8

E/V(vs. Ag/AgCl)

Fig. 5 The second cycle voltammograms recorded on a pel-
let electrode prepared using different ilmenite, car-
bon and paraffin mixtures in 1 mol -L' H,SO, at 30

°C with a scan rate of 10 mV s’
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Fig. 6 The second cycle voltammograms recorded on a pel-
let electrode made of the 2:1:0.1 ratio of lilmenite:
carbon:paraffin at 30 °C with a scan rate of 10 mV -s™

in different H,SO, concentrations.

idation peaks in 1 mol -L* H,SO, were larger than
those in lower (0.3 mol- L") and also higher (3 mol-L™")
[H,SO,], which indicated that 1 mol -L" H,SO, was
suitable to obtain higher dissolution rate.

The effect of temperature on cyclic voltammo-
gram (the 2nd cycle) recorded on a 2:1:0.1 (wt. ratio)
ilmenite-C-paraffin mixed electrode in 1 mol-L" H,SO,
with a scan rate of 10 mV -s™ is shown in Fig. 7. The
current densities of the reduction and oxidation peaks
were increased with the rise of temperature. It was,
therefore, concluded that higher dissolution rate
could be obtained from 2:1:0.1 (wt. ratio) ilmenite-C-
paraffin mixed electrode in 1 mol-L" H,SO, at 80 °C.
2.3 Electrochemical Dissolution Study

Variation of ilmenite dissolution rate with time
in 1 mol-L" H,SO, at 80 °C from the 2:1:0.1 (wt. ratio)
ilmenite-C-paraffin mixed pellet under constant poten-
tial method are shown in Fig. 8. The dissolution poten
tials were -0.80 V and -0.60 V (vs. Ag|AgCl). Initially,
the dissolution rate of ilmenite fraction was sharply
decreased with the increase of time up to 1 h and then
slightly decreased afterwards. The dissolution rate of
iron was about 5 times faster than that of titanium at
both the applied dissolution potentials at a fixed time.

Therefore, the dissolution time of 1 h has been select-

E/V (vs. Ag/AgCl)

Fig. 7 The second cycle voltammograms recorded on a pel-
let electrode consisted of the 2:1:0.1 ratio of lil-
menite:carbon:paraffin in 1 mol -L"' H,SO, with a

scan rate of 10 mV -s” at different temperatures

100
i —e—Dissol. Pot. =-0.8 V, Fe

a —©-Dissol. Pot. =-0.8 V, Ti
Nr'n 80 r —a—Dissol. Pot. =-0.6 V, Fe
g - —&—Dissol. Pot. =-0.6 V, Ti
S 60 f

g

= L
o0

S 40

X L

&

< L

= ? ;\\S\?\\‘\;‘:g

Fig. 8 Dissolution rates of iron and titanium as a function of
time for a pellet consisted of the 2:1:0.1 wt. ratio of
ilmenite:carbon: paraffin in 1 mol-L" H,SO, at 30 °C
and applied dissolution potential of -0.6 V or -0.8 V

ed in the subsequent electrochemical studies.

Fig. 9 shows the effect of temperature on the
dissolution rate of ilmenite in 1 mol -L"' H,SO, from
the 2:1:0.1 ilmenite-C-paraffin mixed pellets at diff
erent applied potentials. The dissolutions of ilmenite
have been carried out in the potential range of -0.20 V
to -1.0 V and the temperature range of 30 °C to 80 °C.

At the constant potential, the dissolution rate in-
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o L —&—Dissol. Pot. =-1.0 V, Ti
! -&-Dissol. Pot. =-0.8 V, Ti
£ 40 | o Dissol. Pot. =-0.6 V, Ti
og —o—Dissol. Pot.=-0.4 V, Ti
— L —Dissol. Pot. =-0.2 V, Ti
X
2 20
&

45

65

85
7/°C

Fig. 9 Effect of temperature on the dissolution rates of iron
and titanium for a pellet consisted of the 2:1:0.1 wt.
ratio of ilmenite:carbon:paraffin in 1 mol -L" H,SO,

at different applied dissolution potentials

creased with the increase of temperature. The increas-
ing rate became slow up to 60 °C and then sharply in-
creased with the rise of temperature. The ratio of the
iron dissolution rate to titanium dissolution rate at all
applied dissolution potentials and temperatures was
about 5.0.

The effect of H,SO, concentration on the disso-
lution rate of ilmenite fraction at 80 °C from the 2:1:
0.1 ilmenite-C-paraffin mixed pellets under constant
potentials are shown in Fig. 10. At low applied reduc-
tion potentials (-0.20 V ~ -0.40 V), the dissolution rate
was first increased up to 1 mol -L"' H,SO, solution
and then the increasing rate was significantly slow
with the rise of acid concentration. However, at more
negative applied reduction potentials (> -0.40 V), the
dissolution rate was first sharply increased up to 1
mol - L' H,SO, solution and then decreased apprecia-
bly with the rise of acid concentration. At higher
H,SO, acid concentrations (> 1.0 mol-L") and more
negative applied reduction potentials (< -0.60 V), the
dissolution rate of ilmenite fraction was decreased
due to the starting of H, gas evolution which eventu-
ally reduced the active surface area of ilmenite pellet
by adsorption.

The Arrhenius plots for the dissolution rate of

ilmenite fraction (lgv vs. 1/7) at various dissolution
potentials are shown in Fig. 11. It is evidently that the
experimental data did not fall on a straight line;
rather a curve was obtained. The slopes of the tan-
gential lines at higher temperature region yielded the
activation energy (E,) of 50 + 10 kJ-mol-L' and those
at lower temperature region the £, of ~15+ 5 kJ-mol™.
The values of E, suggested the existence of a diffu-
sion film which was destroyed at higher temperature.

At lower temperature region, the process was diffu-

80

—=—-1.0V, Fe

e —+—-(0.8V, Fe
(\'l(_n 60 —-—-0.6V, Fe
'E ——-04V, Fe
3 —+-0.2V, Fe
) } .
E 40 —=-1.0V,Ti
54 —-—-0.8V, Ti
E ——-0.6V, Ti
g 20 ——-04V, Ti
é ——-0.2V,Ti
O 1 1 L 1 1 av‘ 1 1 1

0.2 1.2 2.2 3.2 4.2

[H,SO,]/(mol-L-")

Fig. 10 Effectof H,SO,concentration on the dissolution rates
of iron and titanium for a pellet consisted of the 2:

1:0.1 wt. ratio of ilmenite:carbon:paraffin at 80 °C

——-1.0V,Fe —=-0.8YV,Fe
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Fig. 11 Arrhenius plot: 1gv vs. inverse of absolute tempera-
ture (1/7) at various dissolution potentials. [Imenite:
carbon:paraffin = 2:1:0.1 and [H,SO,] = 1 mol-L".
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sion controlled and with the rise of temperature, the
process became chemically controlled.
3 Conclusions

The dissolution of ilmenite fraction could not be
obtained in H,SO, solution without the addition of
carbon due to the low conductivity of ilmenite frac-
tion. The dissolution rates of ilmenite (FeTiO;) and
hematite (Fe,Os) were slow at low applied reduction
potentials (< -0.40 V) and temperatures (< 60 °C). At
more negative potentials and higher temperatures, the
dissolution rate of ilmenite was increased through the
increasing rate in the reductions of ilmenite to Fe*
and Ti*. The dissolution rate was also increased with
the increasing acid concentrations up to 1 mol-L". At
higher acid concentrations and higher reduction po-
tentials, the dissolution rate was decreased due to the
starting of H, gas evolution which eventually reduced
the active surface area of ilmenite pellet by adsorp-
tion. The hematite phase in the mineral had a higher
dissolution rate than the ilmenite under reductive
conditions. The values of £, in the higher and lower
temperature regions are 50 + 10 kJ -mol -L" and ~
15+ 5 kJ -mol”, respectively, suggesting the exis-
tence of a diffusion film at lower temperature which
was destroyed at higher temperatures. At lower tem-
perature region, the process was diffusion controlled,
and with the rise of temperature the process became
chemically controlled.
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