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Abstract

Titanomagnetite concentrate is a by-product of the production of ilmenite concentrate in
the Kahnooj titanium complex. This concentrate contains about 54% iron (iron in iron
oxides), 12% titanium oxide and about 0.9% vanadium pentoxide. Pyrometallurgical
methods (Highveld, NTMK, Panzhihua, New Zealand, SSAB) and hydrometallurgical
methods (Vametco, Balla Balla, Largo, VEPT and TIVAN) can be used to extract
vanadium oxide from titanium magnetite concentrate. It should be noted that the
mentioned methods are industrial methods and standard production of vanadium
pentoxide from titanomagnetite concentrate. In this research according to Highveld
process, several steps were used for the extraction of vanadium pentoxide from Kahnooj
titanomagnetite concentrate including: a- Solid state carbothermic reduction of
titanomagnetite concentrate, b- Production of cast iron containing vanadium, c-
Production of vanadium slag (and steel) by blowing oxygen into cast iron, d- Roasting
of vanadium salg, e-leaching of vanadium slag in water, f-Precipitation of ammonium
polyvanadate from the leaching solution, and g- ammonium removing and production of
vanadium pentoxide. Raw materials and products were characterized by XRD, XRF,
SEM, UV-visible, AAS, and SES methods. Moreover, the effective parameters in each
of the steps were examined and the optimal conditions for each step were obtained.
According to laboratory Process Flow Diagram, to convert titanomagnetite concentrate
to vanadium pentoxide (95 %) and steel in optimal conditions, a ton of titanomagnetite
concentrate requires 225 kg of metallurgical coke, 30 kg of sodium carbonate, 100 kg
burnt lime, 15 kg of flux, 4.2 kg of ammonium sulfate, 2.85 kg of sulfuric acid, and
600 liters of water are required. According to the results, the amount of vanadium
pentoxide and steel that can be produced from one ton of titanomagnetite concentrate is
equal to 5.5 kg and 450 kg, respectively. This amount of production showed that the
total recovery of vanadium and iron in this process is equal to 58% and 83%,
respectively. Feasibility studies of the project showed that the economic indicators for
the production of vanadium pentoxide as the main product and steel ingots from
Kahnooj titanomagnetite concentrate (100 thousand tons per year) include: 7,637,952
million rials Total investment cost; 3,177, 548 million rials annual net profit; 35.5% of
the internal rate of return; 2.819 years of return of investment; and 31.5% of the break
even point (BEP).

Keywords: Titanomagnetite concentrate, Carbothermic reduction, Roasting, Leaching,
Vanadium Oxide, Steel.
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