Summer 2021. Vol 12. Issue 44

Research Paper

Effect of metallic agent on the carbothermic reduction of
titanium dioxide in order to produce titanium carbide

Fatemeh Homayooni?, Nader Setoudeh?’, Abbas Mohassel3, Fatemeh Heidari3, Mohammad
Sajjadnejad3

1-M. Sc Student-Materials Engineering Department- School of Engineering-Yasouj University, Yasouj,
Iran

2*-Associate Professor-Materials Engineering Department- School of Engineering-Yasouj University-
Yasouj, Iran.

3-Assistant Professor-Materials Engineering Department- School of Engineering-Yasouj University,
Yasouj, Iran

Received: 2021/10/26 : Abstract
Revised: 2021/11/25 : The effect of metallic agents such as aluminium, magnesium and
Accepted: 2021/12/12 - mixture of magnesium-zinc was studied on the carbothermic

reduction of titanium dioxide in this research under mechanical
milling. The mechanical milling runs have been done in a planetary
ball mill in different times. The mixtures of TiO2-Mg-C, TiO2-Mg-Zn-C
and TiO2-Al-C were prepared based on stoichiometric ratios for each
reaction. The acid washing process using 2 N HCl solution was done
to remove the soluble phases after finishing mechanical milling of
each sample. The isothermal heating was done at temperature of
1000 °C for one hour for solid residues of acid washing under flowing
of argon atmosphere. The analysis of products and phases was done
using XRD and the microstructure of samples studied by SEM. The
results showed the reaction between titanium dioxide and carbon
would be exothermic after the adding metallic agent. The reaction
progresses via MSR mode for the mixture of TiO2-Al-C in milling
conditions and the products were titanium carbide and alumina in
the 5 h milled sample. The reduction reaction however progressed
via intermediate titanium dioxide in the milled samples for mixtures
of Ti02-Mg-C and TiO2-Mg-Zn-C. The signs of titanium carbide and
intermediate titanium oxide such as Tiz03 were observed in the
milled mixtures of TiO2-Mg-C and TiO2-Mg-Zn-C after isothermal
heating under argon atmosphere. The signs of Ti203 phase reveal
that the reduction reaction of titanium dioxide does not be
completed after 10 h milling when metallic agents such as
magnesium and/or magnesium-zinc mixture are used
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Extended Abstract

Introduction

Titanium carbide (TiC) with cubic structure
considers significant attentions due to special
characteristics [1-6]. There are several
methods for synthesising TiC however the
carbothermic reduction of TiO; with a carbon
gent is the well-known method for producing
this compound [1,2,4,7]. The general chemical
reaction in carbothermic reduction of TiO; is
reaction (1) and this reaction is favourable at
temperatures above 1300 °C based on
thermodynamics assessments [8]. However, it
has been proposed thatreaction (1) consists of
three reaction steps [7,9,10]. Many research
works have been done on the carbothermic
reduction of TiO; in previous years [1,7,10-
12].

TiO2 + 3C =TiC + 2CO(g) (1)
Effect of metallic agent such as Al and Mg on
the carbothermic reaction TiO; has been
studied previously [13-20]. The previous
results showed that the molar ratios of C/TiO-
paly significant role in products of reaction
and with increasing these ratios from zero to
one, the Al3Ti phase was replaced by TiC [13-
14,16]. There are few research works on the
TiO02-Mg and TiO,-Mg-C systems [19-20].
However, the phase changes of chemical
reactions for milling times of lower than 10
hours have not been studied in previous
works. In this research, the effect of metallic
agents such as aluminium, magnesium and
mixture of magnesium-zinc is studied on the
carbothermic reduction of titanium dioxide
under milling times lower than 10 hours.

Materials and Methods

The raw materials such as Titanium dioxide
(almost anatase type, purity 99%), aluminum
powder, zinc powder, magnesium powder
(MERCK grade, 99% purity) and carbon active
(99% carbon) were mixed with stoichiometric
ratio as shown in Table (1). The mechanical
milling of mixtures was done in a closed
chamber of planetary ball mill with BPR of
40:1 and milling speed of 600 rpm. Milling
operation was done with 6 balls (d =20 mm)
and the characteristics of milling equipment,
cups and balls are indicated in previous
research [21-23]. XRD analysis was done using
radiation of Cu for all samples. The acid
washing of milled samples was undertaken
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using diluted HCI (~2 N) at room temperature
for 60 minutes. The solid residuals after acid
washing were dried at 90 °C for 2 h in an oven.
Thermodynamic assessments were done
using HSC software [8]. Isothermal heating of
samples was done using a tube furnace at
1000 °C for 1 h under flowing of high pure
Argon atmosphere.

Results and discussion

Thermodynamics assessments using HSC
software [8] indicated that the reactions in
Ti02-Zn-C is endothermic and not favorable at
room temperature. The preliminary results
showed that carbothermic reduction does not
take place after 10 h milling in this system. The
results of thermodynamics calculations in
Table 2 show that the chemical reaction in the
TiO2-Mg-C, TiOz-Al-C  and TiO2-Mg-Zn-C
mixtures are exothermic and favorable at
room temperature. The signs of phases such as
MgO, TiC in TiO2-Mg-C mixture and MgO, ZnO,
TiC phases in TiO2-Mg-Zn-C mixture were
observed after 10 h milling in the XRD results.
The traces of Al;03 and TiC however observed
in the 5 h milled sample for stoichiometric
mixture of TiO2-Al-C. The intensity of the main
peaks of TiC and Al;O3 increased after heating
the 5 h milled sample at 1000°C (Argon
atmosphere). The decreasing of peaks
intensities due to particles refinement,
decreasing of crystallite sizes and increasing
of lattice strain [24] was observed in the XRD
patterns of milled samples. Although the signs
of rutile phase were observed in milled
samples however transformation of anatase to
rutile phase in milled samples related to many
parameters [25-28]. The acid washing (~2N
HCI) of the as-milled samples in Ti02-Mg-C and
Ti02-Mg-Zn-C mixtures resulted in dissolving
MgO and ZnO phases. After heating the solid
residuals of acid washing at 1000 °C for one
hour in an argon atmosphere, the signs of TiC
and intermediate titanium oxide phase (Ti203)
were observed in the XRD patterns. The signs
of Ti;O3 phase were not observed after heating
the 5 h milled sample at 1000 °C (Argon
atmosphere) in TiO,-Al-C mixture.
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Table 1. The weight percent of raw materials and products based on chemical reactions for each mixture.

Type of Chemical reaction Weight percent of Weight percent of
mixture products products
TiO2-Mg-C TiOz + 2Mg + C = TiC + 2Mg0 Ti02=56.8, Mg =34.6, C=8.5 TiC=42.6, Mg0=57.4
TiO2-Mg-Zn-C TiO2 + Mg + Zn + C = TiC + MgO + TiO2 =44, Mg=13.4, Zn= 36, TiC=33%, Mg0=22.2,
Zn0 C=6.6 Zn0=44.8
TiO2-Al-C TiOz + 4/3Al + C = TiC + 2/3A1203 Ti02=62.5, Al=28.13, C=9.4 TiC=46.85, Al,03=53.15
TiO2-Zn-C TiO2 + 2Zn + C = TiC + 2Zn0 Ti02=35.9, Zn=58.7, C=5.4 TiC=26.9,Zn0=73.1

Table 2. Thermodynamics assessments for chemical reactions for each mixture.

—AHO Adiabatic
Type of Chemical reaction AH6 ¢ AGYygy ——— 2BK flame
. Y. Cp(products)
mixture k1) kN temperature
(K)
TiO2-Mg-C TiO2 + 2Mg + C = TiC + 2MgO -442.95 -430.14 3217.6K ~3029
T]Oz-]\(/:[g-Zn- TiO + Mg + s+ g STIC+MgO+ 19185 -18116  1419.6K ~1540
TiO2-Al-C TiO2 + 4/3Al + C = TiC + 2/3A1203 -356.8 -346.2 3210K ~2307

-AHY . . .
If the 2+98K ratio for a reaction is more than
P

2000K, the MSR mode can be occurred during
milling [29-30]. This ratio for stoichiometric
mixture of TiOz-Al-C was about 3210K;
therefore, the results showed that reaction
progresses via MSR mode during milling
operation. The products were only titanium
carbide and alumina (Al;03) after 5 h milling
in TiO2-Al-C mixture. The calculated adiabatic
flame temperature for stoichiometric mixture
of TiO,-Mg-C was highest among all mixtures

(Table 2) and the _Ag—g‘;” ratio for this mixture
was ~3217.6K. The signs of titanium carbide
and Ti;03; phase were observed in the milled
mixtures of Ti0,-Mg-C and TiO,-Mg-Zn-C after
isothermal heating of these mixtures under
argon atmosphere. The signs of Ti»03 phase
reveal that the reduction reaction of titanium
dioxide does not complete after 10 h milling
when metallic agents such as magnesium
and/or magnesium-zinc mixture are used. The
possible chemical reactions for formation of
intermediate titanium oxide (Ti»03) studied
for Ti0-Mg-C and Ti0;-Mg-Zn-C mixtures
using thermodynamics assessments.

Conclusion

The chemical reaction occurred in TiO,-Al-C
mixture after 5 h milling and the products
were aluminium oxide and titanium carbide.
The reaction progressed via MSR mode in the
milled samples of TiO,-Al-C mixture. The
reduction of TiO2 was not completed in TiO»-
Mg-C and TiO,-Mg-Zn-C mixtures after 10 h
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milling. The signs of Ti,03 observed in the
milled mixtures of Ti02-Mg-C and Ti0;-Mg-Zn-
C after heating the solid residuals of acid
washing at 1000 °C for one hour under Argon
atmosphere.
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