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In this present study, the effects of mechanical activation on the characterization of titania slag were sys-
tematically investigated. The crystal structures, surface chemical functional groups, and microstructure
of the samples were characterized before and after mechanical activation using XRD, FT-IR, and Raman
spectroscopy techniques, respectively. It was found that untreated titania slag under mechanical activa-
tion was mainly composed of Fe3Ti3O1¢ and rutile TiO,, but that of being treated by mechanical activation
was mainly composed of Fe3Ti3 019, Ti;O3 and rutile TiO,. Ti, O3 is transformed partially from Fe;Ti3O01¢
under moderate mechanical activation conditions for 12 h. The demonstration of mechanical activation
techniques can be applied effectively and efficiently to the treatment processing of titania slag.

Crown Copyright © 2011 Published by Elsevier B.V. All rights reserved.

1. Introduction

Titania slag is prepared from ilmenite ore by carbothermal
reduction in an electric arc furnace [1-8]. In this process, a large
fraction of the iron content of the ilmenite is reduced to metallic
iron. The remainder of the materials is collected in a titania slag
form [9-12]. The simultaneous reductions of the TiO,, Ti;O3 and
FeO in the titania slag occur and their amounts are enriched [13].
The solidified slag are consists mainly of a single phase, which fol-
lows as the Fe3Ti3Oq¢ stoichiometry, and is often referred to as
“anosovite” [14]. However, the oxidization of titania slag is found
to be very slow under high temperature [15].

Mechanical activation is an important industrial operation that
is used for the size reduction of materials, production of large sur-
face area and liberation of valuable minerals from their matrices
[16-19].These results indicated that the mechanical activation pro-
cess has advantages over conventional methods as the required
roasting temperature is lower, reducing processing costs [20-25].
Thus, various physical and physico-chemical aspects of a mechan-
ical activation operation have to be known [26-30].

Based on the concept mentioned above, the objective of this
research was, on one hand, to study dissociation of titania slag
through mechanical activation process using high performance
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planetary mill, on the other hand, to characterize and analyze the
titania slag and mechanically activated titania slag under different
processing time, using X-ray diffraction (XRD), Fourier transform
infrared radiation (FT-IR) and Raman spectroscopy.

2. Experimental
2.1. Materials

The raw material, titania slag, was obtained from Kunming city, Yunnan
province, China. The chemical compositions of ilmenite were as follows (% (w/w)):
TiOy, 72.33; Ti» 03, 17.79; FeO, 5.26; MnO, 1.04; Al,0s, 2.75; MgO, 2.30; SiO,, 2.57,
respectively. It can be seen from Fig. 1 that Fe3Ti3Oo (JCPDS card No. 43-1011) is
mainly crystalline compounds in the titania slag. In addition, a minor amount of
rutile TiO, (JCPDS card No. 65-0191) is present. The product was analyzed by the
method in accordance with the recommended methods of National Standard of the
People’s Republic of China (GB/T).

2.2. Instrumentation

XRD instrument (D/Max 2200, Rigaku, Japan) was used to measure the crystal
structure of the titania slag and the treated samples. XRD pattern was acquired using
an X-ray diffractometer with Cu Ka radiation and a Ni filter. The voltage and anode
current operated were 35kV and 20 mA, respectively. The continuously scanning
rate with 0.25° min~! of set time was used to record the XRD patterns of the samples.

The Raman studies were performed with a confocal microprobe Raman sys-
tem (Renishaw Ramascope System 1000, UK). A 514-nm argon laser was used for
excitation. Backscattered Raman signals were collected through a microscope and
holographic notch filters in the range of 100-1000 cm~" with a spectral resolution
of 2cm~'. The laser power on the sample surface was 20 wW, the spot diameter was
5 wm and the typical collection time of one measurement was 10 min.

The infrared spectra of the titania slag before and after mechanical activation
were collected using FT-IR spectrometer equipped (8700, Nicolet, USA). The angle
of incidence of the IR beam was 45° and 100 scans were collected at a resolution of
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Fig. 1. XRD pattern of raw materials.

4cm~! and averaged using the OMNIC spectroscopic software. The spectral range
was 4000-400 cm'.

A planetary mill (QM-3SP2, Nanjing, China) was employed for the mechanical
activation of titania slag. The milling cells were 400 ml agate jar filled with 100g
agate balls of 10 mm in diameter and 150¢g agate balls of 6 mm in diameter. No
other additives were used during the mechanical activation process. After com-
pletion of the milling operation, the contents of the agate jar and the agate balls
were thoroughly cleaned and dried before the next mechanical activation experi-
ment. The particle size analysis was carried out using a laser diffraction analyzer
(Mastersize2000, Malvern, UK).

2.3. Procedure

Prior to the use, titania slag was loaded on a ceramics boat which was placed
inside a stainless steel tubular reactor. Then the samples were heated to 393K at
a heating rate of 278 K/min in the drying oven and held at this temperature for
120 min. After drying, the samples were cooled to room temperature. The total mass
of sample taken was 25 g for each experimental run.

3. Results and discussion

The particle size distributions of the titania slag and mechani-
cally activated titania slag for various times are illustrated in Fig. 2.
The original titania slag is composed of the particles with a dsg
around 120 wm, in which about 70% of the particles are below
100 pm. It could be seen that after 12 h of mechanical activation, the
dso decreased from 110 wm to 5.8 wm. And then, longer mechani-
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Fig. 2. Particle size distributions of the titania slag before and after mechanical
activation for different times.
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Fig. 3. X-ray diffraction patterns of titania slag before and after mechanical activa-
tion. (a) The 26 range of 3-100°, (b) the 20 range of 20-30°, and (c) the 26 range of
50-60°.

cal activation times up to 24 h essentially had a minor effect on the
distribution. The ds slowly decreased to 3.5 pwm.

The titania slag before and after mechanical activation is charac-
terized by XRD and the results are illustrated in Fig. 3, respectively.
Compared with raw materials, the strong preferential orientation
of (116) and (110) planes of the mechanically activated titania
slag were observed, where the strongest and the second strongest
peaks of Ti; O3 phase (JCPDS card No. 43-1033) occur, respectively
[31]. The third strongest at orientation (0 12) peak, remained and
it, however, significantly and asymmetrically broadened [32]. It can
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Fig. 4. Raman spectra of titania slag before and after mechanical activation.

be inferred from XRD data that Fe3Ti3Oq¢ is partially disintegrated
to Ti;03. And it is known that the Ti;O3 can be oxidized more
easily than iron titanium oxide. The resulting mechanically acti-
vated titania slag can be better used for the production of synthetic
rutile.

The typical Raman spectra of the different mechanical activation
time are presented in Fig. 4. In all spectra the presence of Raman
shifts of titania slag at 255.0, 441.1 and 608.6cm™! are clearly
identified. An increase of intensity of the band at ~197.4cm™!
in Raman spectra of mechanically activated titania slag occurs
under 12 h. Intensity of the former band originated from vibra-
tions of Ti-O bonds in Ti, O3 structure increases only slightly [33].
With increasing mechanical activation time, the amount of phase
crystallized in the form of Ti,O3 also increases, which is con-
firmed by an appearance of its band with a low intensity located
at ~199.0cm~! [34]. It implies that at this mechanical activa-
tion process, iron titanium oxide can be partially transformed
into Ti, O3 in samples with different mechanical activation time.
The broadness of these bands suggests low chemical composition
0fTi203.

The surface chemical functional groups of the samples were
characterized before and after mechanical activation using FT-IR
and the results are shown in Fig. 5. The FT-IR absorption was
showed a broad band at ~3434.2 and ~1067.1cm~! due to the
stretching vibrations of O-H bonds, Peaks at ~1641.2cm~! due
to the H-O-H bending vibrations of interlayer adsorbed H,O
molecule at the minerals surface, respectively. The weak band
2350cm™! is considered to come from the adsorbed atmospheric
CO, at titania slag surface. In the range of 400-1000cm™!, the
IR bands of inorganic solids are usually assigned to the vibra-
tion of metallic ions in the crystal lattice. Peaks at ~493.3 cm™!
due to the stretching vibrations of Ti-O and Ti-O-Ti of the
TiO, units. It could be seen from Fig. 4 that the bands at
465.3cm~! of untreated titania slag gradually disappeared and
significantly shifted toward low-wave number after mechanical
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Fig. 5. FT-IR of titania slag before and after mechanical activation.

activation, indicating considerable variations in the mineral crystal
structure.

4. Conclusion

Experiments were carried out to study on dissociation of titania
slag under mechanical activation using high performance planetary
mill. Ti; O3 was successfully disintegrated from Fe3Ti3 01 of titania
slag through a new route. The XRD, FT-IR and Raman spectroscopy
techniques have proved helpful in the investigation to explain the
occurred transformations and it is recommended that they should
also be used in the future work. The results demonstrate that the
mechanical activation can take the place of the traditional high
temperature pretreatment of titania slag.
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