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  PREPARATION OF TITANIUM CARBIDE 
POWDER FROM ILMENITE CONCENTRATE 

Article Highlights 

• Titanium carbide powder was prepared by the carbothermic reduction of ilmenite con-

centrate 

• The iron and titanium carbide in the reduction products were economically separated by 

using ferric chloride solution 

• The iron in the waste liquid was recycled in the form of -FeOOH 

 

Abstract 

A new process of producing titanium carbide powder from ilmenite concentrate 

was put forward. The ilmenite concentrate was reduced by graphite powder at 

1500 C for 6 h, with the reduction products of TiC, Fe and MgO. The porous 

reduction products were agitation leached in ferric chloride solution at 25 C for 

60 min. After the filtration, TiC powder accompanied by little MgAl2O4 and 

Mg2SiO4 were obtained. Finally, the element Fe was recycled from the filtrate in 

the form of -FeOOH after blowing air for 3 hours at 80 C. The size of rod-like 

-FeOOH particle was less than 1 µm. 

Keywords: titanium carbide, ferric chloride solution, ilmenite concen-
trate, -FeOOH. 

 
 

Titanium carbide, TiCx, existing as a homogen-

eous phase within the limits 0.47 < x < 1.0 [1], has a 

NaCl-type of structure. Because of its high melting 

point (3067 C), high hardness (32.4 GPa), good 

chemical inertness and good electrical conductivity 

(310-7 S/cm), titanium carbide has been found tre-

mendous applications in various fields, such as wear-

resistant material, cutting tool and anodes in lithium- 

-ion batteries [2-4].  

Nowadays, various methods have been adopted 

to prepare titanium carbide, e.g., self-propagating 

high temperature synthesis (SHS) [1], mechanically 

activated sintering [5], thermal plasma [6], carbo-

thermic reduction [7,8], etc. Considering the abundant 

reserves of ilmenite concentrate in the world, the pre-

paration of titanium carbide by ilmenite concentrate is 

receiving more and more attentions. Most of the 

studies were focused on the carbothermic reduction 

process [9-11], while how to separate the reduction 
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products of iron and titanium carbide economically is 

also quite significant. After the carbothermic reduction 

of ilmenite concentrate, Welham and Williams [7] 

used 3% HCl to leach the products for 24 h at room 

temperature. As a result, almost all of the iron went 

into the waste liquid and could not be recycled. On 

the other hand, there are many reports on the pro-

duction of TiC reinforced iron-based composite from 

ilmenite [12-16]. After being milled in a planetary ball 

mill, TiC reinforced iron-based composite was syn-

thesized via microwave heating [12,13], electric dis-

charge assisted mechanical milling (EDAM) [14] or 

carbothermic reduction [15,16]. It is economical to 

convert raw materials directly to composite materials. 

In this paper, a new process of separating iron 

and titanium carbide via lixiviation was put forward. 

The ferric chloride solution was used for leaching to 

separate reduction productions of iron and titanium 

carbide. After leaching, the main component of the fil-

trate was ferrous chloride. The iron in the filtrate could 

be recycled in the form of -FeOOH [17,18]. -FeOOH 

could be used as an important by-product to produce 

ultrafine Fe2O3 [19]. After recycling the elemental Fe, 

the main component of the rest filtrate was ferric 
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chloride, which could be reused for the next leaching 

process. 

EXPERIMENTAL 

The ilmenite concentrate, produced in Panz-

hihua, Sichuan, China, was examined by X-ray fluor-

escence (XRF) and X-ray diffraction (XRD). The 

results of XRF and XRD are presented in Table 1 and 

Figure 1a, respectively. The main mineral phase of the 

ilmenite concentrate is FeTiO3, while the main impur-

ity element is Mg, which exists in solid-solution of 

(Mg,Fe)(Ti,Fe)O3 [20]. As shown in Figure 1b, it should 

be noted that the peaks of FeTiO3 and (Mg,Fe)(Ti,Fe)O3 

are similar and overlapped in the XRD pattern 

because of the same crystalline structure. 

 

Figure 1. XRD patterns of the ilmenite concentrate. 

According to the authors’ previous study [10], 

the optimized carbothermic reduction parameters 

were established as: molar ratio of C to FeTiO3 4:1, 

reduction temperature 1500 C and reduction time 6 

h. The main reactions occurred during the carbo-

thermic reduction are shown in Eqs. (1)-(4). All the 

standard Gibbs energy changes, G , are calculated 

by Factsage 6.4: 

    3FeTiO 4C Fe TiC 3CO   

G  = –497.7T + 711201.1 (1) 

    3MgTiO 3C MgO TiC 2CO  

G  = –342.2T + 558842.7 (2) 

 2 3 2 4MgO Al O MgAl O  

G  = –6.9T + 22840.7 (3) 

 2 2 42MgO SiO Mg SiO  

G  = –4.4T + 65772.6 (4) 

The ilmenite concentrate and graphite powder 

(Sinopharm Chemical Reagent Co., Ltd, Chemical 

Pure, 98%) were mixed uniformly in an agate mortar 

(Changzhou Putian Instrument Manufacture CO., Ltd, 

diameter 105 mm). Then the mixtures were made into 

cylindrical briquettes with the addition of PVA (2 wt.%). 

The diameter and weight of the cylindrical briquettes 

were 18 mm and 2 g, respectively. When the tempe-

rature of the vertical tube furnace reached 1500 C, 

the alumina crucible with the briquettes was put into 

the furnace under a protective argon gas atmosphere 

(0.8 L/min). After reacting for 6 h, the crucible was 

taken out of the furnace quickly and cooled by the 

argon stream (1.5 L/min). The reduction products 

were examined by XRD and scanning electron micro-

scope (SEM) to investigate their phase compositions 

and microstructure. 

The reduction products were agitation leached 

by ferric chloride solution (0.5 mol/L) at 25 C in an 

electro-thermostatic water bath. The stirring rate was 

200 rpm and the pulp density for each experiment 

was 20 g/L. The leaching time was 1, 2, 5, 10, 20, 30 

and 60 min, respectively. After leaching, the solid 

phase was separated from the liquid phase by suction 

filtration as soon as possible. After being rinsed 

thoroughly by deionized water, the obtained solid 

phase was examined by XRD and SEM. 

 

Table 1. Chemical compositions of ilmenite concentrate (wt.%) 

Component FeO TiO2 SiO2 CaO Al2O3 MgO SO3 

Content 39.30 43.68 3.15 1.28 2.91 7.99 0.62 

Component Na2O MnO Cr2O3 ZnO P2O5 In2O3 Total 

Content 0.28 0.69 0.03 0.02 0.03 0.02 100 
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The filtrate after leaching was collected in a 

beaker and then heated with blowing air (0.5 L/min). 

The temperature was set to be 80 C and was not 

changed during this process. The purpose of blowing 

air into the filtrate was to accelerate the reaction. After 

3 h, a yellow solid precipitate appeared. The preci-

pitate was collected by suction filtration and examined 

by XRD and field emission scanning electron micro-

scope (FE-SEM). 

RESULTS AND DISCUSSION 

Carbothermic reduction of the ilmenite concentrate 

After 6 h of the carbothermic reduction, the per-

centage of total mass loss ratio was 41.88, which was 

consistent with the maximum theoretical mass loss 

ratio [10]. It illustrates that the carbothermic reduction 

reacted completely. The XRD patterns of the red-

uction products are presented in Figure 2, from which 

it can be concluded that the reduction products were 

mainly made up of TiC, Fe and MgO. The morphology 

images of the ilmenite concentrate and the reduction 

products morphology are shown in Figure 3a and b, 

respectively. Compared with the ilmenite concentrate, 

the reduction products were porous, which was due to 

the generation and evolution of CO gas. Backscat-

tered electron (BSE) image of the main phases inside 

the reduction products is displayed in Figure 3c, 

which indicates that there are three different regions 

in the samples. Based on the results, the energy dis-

persive spectrometer (EDS) analyses performed at 

different regions are shown in Table 2. It is obvious 

that the main impurity element Mg mostly existed in 

the form of MgO after the carbothermic reduction, which 

is consistent with the results of the XRD analyses. 

Purification of titanium carbide powders 

The percentages of mass loss with different 

leaching time are shown in Figure 4a. After leaching 

for 10 min, the mass loss vs. time curve reached a 

plateau of 47.6%. As shown in Figure 3b, the porous 

structure of the reduction products was advantageous 

to the leaching process. XRD pattern of the leaching 

products after leaching for 60 minutes is presented in 

Figure 4b. Compared with Figure 2, the peaks of Fe 

and MgO disappeared in Figure 4b. Based on Figures 

2 and 4b, the following reactions occurred in the pro-

cess of lixiviation. The hydrogen ions in Eq. (6) were 

resulted from the hydrolysis of ferric chloride solution: 

 3 22FeCl Fe 3FeCl  (5) 

   2
22H MgO Mg H O  (6) 

 

Figure 2. XRD patterns of the reduction products. 

Table 2. EDS results of different phases in Figure 3c 

Phase Elements mass fraction 

Fe 88.75%Fe; 5.99%C; 2.37%Si; 2.89%Ti  

TiC 85.43%Ti; 13.85%C; 0.71%V 

MgO 30.80%O; 53.68%Mg; 1.91%Ca; 9.80%Si; 0.78%Fe; 

3.02%Ti 

 

 

Figure 3. a) SEM morphology image of the ilmenite concentrate; b) SEM image of the reduction products; c) BSE image of the mainly 

compositions inside the reduction products. 
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After leaching, the main phases were TiC, 

MgAl2O4 and Mg2SiO4. BSE images of the leaching 

products are shown in Figure 5. The overall distri-

bution of the leaching products is displayed in Figure 

5a. Most of the iron was removed by ferric chloride 

solution. As a result, TiC particles which were integ-

rated with Fe tightly were scattered into individual 

particles. The wetting angle  between TiC and Fe at 

1500 C is 30 [21]. As shown in Figure 5b, there was 

still a little bit of Fe inside TiC particles. This part of 

the iron was wrapped by TiC particles and could not 

be removed by ferric chloride solution. From Figure 

5c and d, it could be seen that a few impurities of 

MgAl2O4 and Mg2SiO4 were combined with TiC par-

ticles. EDS analyses performed at different phases 

are shown in Table 3, which were in agreement with 

the XRD patterns in Figure 4b. The removal of MgAl2O4 

and Mg2SiO4 are complicated and are now in prog-

ress. Or, the mixture of TiC, MgAl2O4 and Mg2SiO4 

may be considered as a new TiC based composite 

material since all of them have very high hardness. 

Recycle of the waste liquid 

When blowing air into the filtrate, the ferrous 

chloride solution was oxidized to ferric chloride sol-

ution, and a yellow solid precipitate appeared. The 

 

Figure 4. a) The percentages of mass loss with different leaching time; b) XRD patterns of the leaching products 

with leaching for 60 min. 

 

Figure 5. BSE images of the leaching products. 
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XRD patterns of the precipitate are presented in 

Figure 6a, which indicates that the precipitate is aka-

ganeite (-FeOOH). As seen from the FE-SEM mor-

phology image of -FeOOH shown in Figure 6b, 

-FeOOH with the length less than 1 m was rod-like 

shaped, which was consistent with the reported expe-

riment phenomena [22,23]. The rod-like particles of 

-FeOOH could be dissolved and reprecipitate as 

hematite (-Fe2O3). Under different conditions, -Fe2O3 

could be in different morphologies of spheres, cubes 

or double ellipsoids [22]. Therefore, -FeOOH is a 

valuable by-product. The main reaction occurring dur-

ing blowing air into the waste liquid is shown in Eq. 

(7): 

   2 2 2 312FeCl 3O 2H O 8FeCl 4 -FeOOH  (7) 

Table 3. EDS results of different phases in Figure 5 

Phase Elements mass fraction 

Fe 87.94%Fe; 9.94%C; 2.12%Ti  

TiC 86.73%Ti; 12.64%C; 0.63%V 

MgAl2O4 48.84%O; 15.84%Mg; 31.67%Al; 3.65%Ti 

Mg2SiO4 45.40%O; 34.69%Mg; 17.34%Si; 1.02%Ca; 1.55%Ti 

As can be concluded from Eq. (7), 1/3 Fe con-

tent is recovered in the form of FeOOH and the 

remaining Fe still existed as ferric chloride in solution, 

which could be reused in the next leaching process. 

However, as the accumulation of the elemental Mg in 

the new ferric chloride solution, the recycle of the 

ferric chloride solution would be terminated when 

MgCl2 reached saturation. 

CONCLUSION 

The purification of titanium carbide powder from 

ilmenite concentrate was investigated in this article. 

After the carbothermic reduction at 1500 C for 6 h 

and lixiviation by ferric chloride solution at 25 C for 

10 min, TiC powder with little MgAl2O4 and Mg2SiO4 

was produced. The mass loss ratios during the carbo-

thermic reduction and lixiviation process were 41.88 

and 47.6%, respectively. The carbothermic reduction 

product Fe went into the waste liquid and was 

recycled in the form of -FeOOH after blowing air for 

3 h at 80 C. The waste liquid was oxidized to ferric 

chloride solution for the next process of lixiviation. 
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NAUČNI RAD 

  PRIPREMA PRAŠKASTOG TITAN-KARBIDA OD 
KONCENTRATA ILMENITA 

Razvijen je novi proces za dobijanje praškastog titanijum karbida od koncentrata ilmenita. 

Koncentrat ilmenita je usitnjen grafitnim prahom na 1500 C u toku 6 h, pri čemu su pro-

izvodi redukcije TIC, Fe i MgO. Porozni redukcioni proizvodi su luženi u rastvoru feri-hlo-

rida na 25 C uz mešanje 60 min. Nakon filtracije, dobijeni su prah TiC uz malo MgAl2O4 i 

Mg2SiO4. Konačno, elementarno gvožđe je reciklisano iz filtrata u obliku -FeOOH nakon 

uduvavanja vazduh tokom 3 h na 80 C. Veličina štapišastih čestica -FeOOH je manja od 

1 m. 

Ključne reči: Titan-karbid, gvožđe-hlorid, koncentrat ilmenite, -FeOOH. 

 
 


