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(a) —Schematic description of FFC-Cambridge process;
(b) —Schematic description of FFC- Cambridge process reduction step
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Table 1 Theoretical electric energy consumption

in the titanium production processes

Calciothemic

Item Kroll process ;
reduction process

MgClh= Mg+ Clh
AH ©= + 598.8 k]
(1000 K, endothermic) (1200 K, endothermic)

TiCla+ 2Mg= Ti+ 2MgCly  TiO2+ 2Ca= Ti+ 2Ca0
AH ®= - 420.0 k] AH ©= - 340.3 k)
(1200 K, exothermic) (1200 K, exothermic)

Heat generated by the re-
duction reaction is all dis-
carded because the elec
trolysis and reduction are
operated qr-nm'alr-[y

Ca0+ 1/2C= Ca+ 1/2C0O;

Electrolytic reaction AH ©= 4+ 445.1 K

and enthalpy change

Reduction reaction
and enthalpy change

Heat generated by the
reduction reaction is used
in the electrolytic reac
tion

Remark

Theoretical electric
power consumption
to produce Ti

6 945 kWeh/t 3 189 kWeh/t
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Fig. 5 Schematic description of ITP process
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(a) —Popular explaination for
metallothermic reduction process;

(b) —Metal mediated reaction;

(c) —R™ /R(™ V* redox mediated reaction;
(d) —Electronically conductive molten salt mediated reaction
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Table 2 Comparison of process between
EMR and Kroll

Process EMR

Kroll process

Thermochemical — reaction
based on physical contact
tion in molten salt aiming  between feed and reductant
batch process

Thermochemical & elec
. - trochemical uniform reac
Basic principle

continuous process

TiCly(g) + Mg(s, 1)+

Feed materials

TiCla(g) + Mg(s. )

molten salt
] . TiCly+ 2Mg= TiCly+ 2Mg=
Overall reaction Ti+ 2MgCl Ti+ 2MgCl
Reaction rate Fast Slow
Product titanium Uniform pow der Irregular lump(sponge)
Heat evolved Reusable Not reusable

during process
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New development of technologies for producing titanium metal

LIU Merfeng, GUO Zhan cheng

(Institute of Process Engineering, The Chinese Academy of Sciences, Beijing 100080, China)

Abstract: The use of titanium is restricted because of its high processing cost. T he conventional process for producing titanium met-

al was analyzed briefly. It indicates that only exploring new continuous process could significantly decrease the produce cost of titant

um. The researching and developing of new technologies are introduced, including direct electrochemical reduction of TiO,, calcio-

thermic reaction, ITP process, electronically mediated reaction, molten salt electrolytic process and metalt hydride reduction. It points

that direct electrochemical reduction of T1iO, is a new green process with low energy consumption and nonpollution, and can replace

the conventional Kroll process.

Key words: titanium; direct electrochemical reduction; extractive technology
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