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The present study is to clarify the present influences of acid concentration and temperature of caustic hy-
drothermal method on extracting the titanium dioxide (TiO2) from synthetic rutile waste. In this experimental
work, the caustic hydrothermal method comprises two processes: a decomposition and the sulphate process. The
extracted titanium is characterized by using a electron dispersive X-ray spectroscopy to specify its chemical com-
position, field emission scanning electron microscope to determine the morphology and particle size, and lastly it is
the X-ray diffraction to analyse the crystallinity of extracted titanium. In this study, we found that both acid con-
centration and temperature affected the TiO2 growth while the calcination process could improve the crystallinity
of extracted titanium.
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1. Introduction
TiO2 is one of the transition metal oxides and semi-

conductors with a unique characteristics, good photo-
catalytic behavior comparing to the pure metal. This
superb photocatalyst behavior of TiO2 causes so many
researchers all over the world interested to extract and
trying to enhance its photocatalytic behaviour by im-
provise the extracting method since 1923 until now [1].
The main mineral use to produce a TiO2 are ilmenite,
rutile raw materials and leucoxene [2]. There are so
many extracting TiO2 methods reported by previous re-
searchers such as the template-assisted method [3], elec-
trochemical anodic oxidation method [4], fiber laser ab-
lation [5], modified molten salt process [6, 7], hydrother-
mal treatment [8, 9] and etc. In this study, we choose
the caustic hydrothermal method as reported by many
researchers [8–12]. Due to Ou, Paulus, and Mahdi et
al., the caustic hydrothermal method can produce the
TiO2 in the powder form and this method can be sim-
ply modified in order to achieve a better characteristics
of titanium powders [8, 10, 11]. The importance of this
experimental study of analysis is trying to understand
the effect of certain parameters to extract the optimum
growth of nano TiO2 from ilmenite waste.

The effect of moderate temperature and acid concen-
tration on the caustic hydrothermal method were anal-
ysed by identifying their chemical composition, morphol-
ogy and particle size and lastly, their crystallinity phase
by using electron dispersive X-ray (EDX), field emis-
sion scanning electron microscope (FESEM) and X-ray
diffraction (XRD), respectively This study will deter-
mine which parameters need to be controlled in order
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to achieve a highest purity of caustic thermal synthesis
TiO2 nanoparticles.

2. Materials and methods
2.1. Decomposition process

The starting raw material, synthetic rutile waste which
was getting from mining product is the derivation prod-
uct from the ilmenite waste. The 100 g synthetic rutile
waste was decomposed with 200 g sodium hydroxide pel-
lets, NaOH at 550 ◦C for 3 h. The product was then
washed with deionized water. The formed Na2TiO3 was
then collected by filtration and dried at room tempera-
ture. The formation process of Na2TiO3 compound via
this decomposition process can be represented as below

TiO2 + 2NaOH → Na2TiO3 +H2O.

2.2. Sulphate process

Three 50 ml florence flask, digital hot plate stirrer, and
a reflux condenser were used in this sulphate process. A
dried Na2TiO3 was mixed with three different acid con-
centrations 1, 2, and 3 M and then heated simultaneously
with 70 ◦C, 80 ◦C and 90 ◦C temperature for 4 h. After the
treatment, the white residue obtained was then washed
with deionized water and ethyl alcohol. The TiO2 was
collected by filtration and dried at 80 ◦C for 4 h. Lastly,
the formed TiO2 powder was crushed and ground into
fine powder using a metal mesh net.

2.3. Titanium dioxide, TiO2 characterization

In this study, all extracted TiO2 will undergo three
characterization: EDX, FESEM, and XRD. EDX char-
acterization (EDAX International DX-95 EDX spectro-
meter) was conducted to analyse the chemical composi-
tion of the sample. Three readings have been taken to
get an average of extracted titanium wattage. The FE-
SEM was used to identify the morphology / growth of
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extracted TiO2 and also to measure the particle size of
extracted TiO2. XRD analysis was performed to identify
the crystallinity of extracted TiO2. Besides that, these
XRD results also show us the crystalline phase of ex-
tracted TiO2 (anatase or rutile phase) with measurable
crystallite size.

3. Results and discussion
3.1. EDX result

Table I shows the wettage of extracted titanium for
1, 2, and 3 M acid concentration treated at 70 ◦C, 80 ◦C
and 90 ◦C temperature during 4 h of sulphate process.
For the 1 M samples, the values of titanium wettage
are 81.14%, 88.17%, and 94.72% while for the 2 M sam-
ples are 83.09%, 94.48%, and 96.44% after treating at
70 ◦C, 80 ◦C and 90 ◦C temperature, respectively. For the
3 M samples, the value of titanium wettage also increases
with 87.10%, 97.81% and 98.59%, respectively. The re-
sult shows that the higher the temperature, the higher
the wettage of extracted titanium. The result was sim-
ilar to that reported in Zhang research [13, 14]. In this
temperature test parameter, we decide to choose 80 ◦C
temperature to be fixed in the next experimental works
because from Table I, we can see that the wettage for 1, 2,
and 3 M samples is highly increased at 80 ◦C treatment
compared to the 70 ◦C and only shows a bit increment
during the 90 ◦C.

TABLE I

Extracted titanium [wt%] under varies temperature for
1, 2, and 3 M acid concentration of sulphate process ex-
amined by EDX (treatment time = 4 h.

Temperature t [ ◦C]
acid concentration

70 80 90

1 M 81.14 88.17 94.72
2 M 83.09 94.48 96.44
3 M 87.10 97.81 98.59

Fig. 1. Extracted titanium [wt%] of 1, 2, and 3 M
treated samples versus temperature examined by EDX.

Figure 1 is the graph of the wettage of extracted TiO2

versus the temperature for the 1, 2, and 3 M samples.
This graph clearly shows the effect of acid concentra-
tions on titanium extraction under varying temperature
at 4 h treatment time. From this figure, we can see the
reaction rates are increased due to the increase of acid
concentration from 1, 2, and 3 M. The result was similar

to that reported in Jia and Li [1, 15]. A. Mehdilo et.al
had reported that acid concentration and treatment time
of sulphate process were effecting the growth of TiO2 [16].
According to W. Zhang et al. the ilmenite, leucoxene and
rutile contains about 40–65%, more than 65% and 95%
TiO2 respectively [17]. Due to Mahdi, this is because
high concentrated sulphuric acid contains more protons
(H+) and sulphate ion, this leads to the increase of leach-
ing rate [11]. The reaction rates at 2 M are higher than
for 1 M samples and also show a bit difference for the
3 M samples. Besides that, due to Lane, use of high
excessively high acid concentration will not improve the
leaching treatment and, moreover, it would cause a heavy
burden to the H2SO4 regeneration system [18]. There-
fore, 2 M acid concentration has been chosen for further
experimental works.

3.2. FESEM results

Figure 2 shows the FESEM images of amorphous TiO2

before calcination and the crystalline TiO2 after calcina-
tion process at 650 ◦C after treating with 1, 2, and 3 M
acid concentration, 80 ◦C and 4 h sulphate process. The
growth of amorphous TiO2 is compact to each other in
spherical shape with high agglomeration and expected
with a low crystallinity. The growth of crystalline TiO2

after calcination process shows the less particles aggre-
gation and smaller amount of agglomeration. We also
can see the particle size getting smaller with the average
300 nm.

Fig. 2. Amorphous titanium before calcination and
crystalline titanium calcinated at 650 ◦C after treating
with 1, 2, and 3 M acid concentration. Temperature
80 ◦C and time = 4 h.

3.3. XRD results

Figure 3 shows the XRD results of 1, 2, and 3 M TiO2

after the calcination process at 650 ◦C. The XRD peak
match with titanium dioxide ICSD ref. no. 03-065-5714
(anatase) and 01-086-0147 (rutile). We can see that the
crystallinity phase of treated sample after the calcina-
tion is quite high compared to phase before calcination
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process. The broad diffraction peaks after the calcina-
tion are also higher, meaning that their crystalline size is
smaller. From this figure, it is clearly shown that the cal-
cination process affected the crystallinity of TiO2. In this
process 2 M, 80 ◦C, and 4 h conditions produce the best
results by producing 94.48% titanium wettage (EDX).
The Debye–Scherrer calculations show the produce crys-
tallites average in 20–30 nm in sizes.

Fig. 3. The XRD results of 1, 2, and 3 M extracted
titanium after calcination.

4. Conclusions

From the EDX results, the titanium wettage for 1, 2,
and 3 M samples shows high increment at 80 ◦C compared
to their wettage at 70 ◦C and 90 ◦C temperatures. Char-
acterization with FESEM and XRD shows that clearly
the amorphous growths at 2 M and 3 M acid concentra-
tion are almost similar and the crystallinity peak is the
same. Further experimental works with 2 M acid con-
centration are chosen for the sake of environment and
reducing in preparation cost by producing a lower acidic
titanium waste. Hydrothermal method has successfully
proven to produce titanium nanocrystals with the aver-
age sizes of 20–30 nm. Both acid concentration and tem-
perature affected the TiO2 growth while the calcination
process could improve the crystallinity of extracted TiO2.
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