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The research objective is to develop
a new environmentally sound process

using low-cost low-grade Ti ore.

Ti feed with low Fe concentration obtained 
by selective chlorination can be reduced 

to metallic Ti in Kroll process or other new 
Ti smelting processes.

TiCl4

(+ AlCl3) (Ti)

Resource Recovery and Materials Process Engineering Laboratory

Chemical potential diagram for Fe-Cl-O (dotted line) and Ti-Cl-O 
systems (solid line) @1100 K.

10 cm

H2O (g) + CaCl2 (s, l)  → HCl (g) + CaO(s)
FeOx (FeTiOx, s) + HCl (g)→ FeClx (g)↑ + H2O (g)

Fe-Cl-O ＆ Ti-Cl-O Systems  @ 1100 K

O
xy

ge
n 

pa
rti

al
 p

re
ss

ur
e,

 lo
g 

p O
2

(a
tm

)

-40

-10

-30

-20

-50

-60

0

-40 -10-30 -20 0

CaO (s) / CaCl2 (l) eq.

C (s) / CO (g) eq.
CO (g) / CO2 (g) eq.

Chlorine partial pressure, log pCl2
(atm)

H2O (g) / HCl (g) eq.

Potential region for 
selective chlorination 
of Fe

Utilization 
of low-
grade Ti 
ore

Fe was 
removed 
from Ti 
ore.

Quartz tubeDeposits obtained after Exp. Graphite crucible

Ar gas
Vacuum pump

Silicone rubber plug Gas trap （NaOH）

5 cm

FeCl2 (l, g) + Ti (s) → Fe (s) + TiCl4 (g)↑

Heater

Fe was selectively removed from Ti ore.

Decrease in 
production 
cost of Ti

Ti feed material was produced, at the same 
time, chlorine in FeClx was recovered.

Fe-Ti-Cl System  @ 1100 K  
lo

g 
p C

l 2
 (a

tm
)

Chemical potential diagram for Fe-Ti-Cl system @1100 K.
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Thermodynamic analysis and experimental
I： Selective Chlorination II： Chlorine Recovery

New process using low-cost low-grade Ti ore

Deposits 
obtained 
after Exp.

Graphite 
crucible
Mixture

Stainless 
steel susceptor

RF coil

Ceramic tube
N2 + H2O

Vacuum pump

Quartz tube

Chloride 
condenser 

Chlorination
reactor FeTiOx

CaCl2

Chlorine in FeClxcan be recovered as 
TiCl4 (g) by using 
metallic Ti.

Effective 
utilization of 
chloride wastes 
and Ti scrap is 
possible.
Environmental 
burden is 
decreased.

Iron Removal from Titanium Ore by Selective Chlorination and 
Effective Utilization of Chloride Wastes and Titanium Scrap

Development of New Environmentally Sound Process

Mixture （FeCl2 + Ti powder）


