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[ Abstract] A computer monitoring ther mogravi metric system was used to study the effect of alkali chlorides( MCl, M=

Li, Na, Kand Cs) on the carbothermic reduction of pre- oxidized il menite in the course of a linear rise in te mperature from

600 C to1 000 C. The experimental results indicate that all the alkali chlorides can speed up the reduction process of pre-

oxidized il menite , moreover, KCl is the most effective catalyst of the chlorides , while the catalytic effects of LiCl and CsCl

are relatively weaker. It seems that the catalytic mechanism of LiCl is different from those of the other alkali chlorides .

The cross-sectional morphology of the partially reduced pre-oxidized il menite particles and the distribution of potassium

ions within them were examined by means of scanning electronic microscopy and electronic probe microanalysis, respec-

tively , which shows that the reduction proceeds topoche mically and the alkali ion enriches at the periphery of the particles .
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1 INTRODUCTION

Natural il menite is an abundant resource for both
iron and titanium . Many processes have been devel-
oped for upgrading ilmenite to synthetic rutile , and a
number of available literatures have reported the stud-
ies on reduction of natural il menite and titaniferous
ores with H,, CO or solid carbonic materials . Previ-
ous investigations indicated that carbonic material was
a more effective reducing agent, and carbothermic re-
duction was one of the most convenient ways to treat
this ore when alkali additives were applied as cata-
lysts[1 1.

This study mainly investigates the effect of alkali
chlorides on the kinetics of the reduction of pre
oxidized il menite with pure graphite as reducing a-
gent . The experiments were performed in a non-
isothermal mode , which permits to clarify the catalyt-
ic mechanism and the kinetic behavior of the solid
solid reaction. A computer monitoring thermo-
gravimetric system and a programmable te mperature
controller were used to study the carbothermic reduc
tion of pre- oxidized ilmenite . With such an experi-
mental system , both the reduction extent and the cor-
responding reaction te mperature could be precisely
monitored and automatically recorded.

2 EXPERI MENTAL

2.1 Experimental apparatus and operation proce
dures

Fig .1 is a sche matic diagram of the experi mental
apparatus, which consists of three parts: 1) a gas
flow controlling and purification system ; 2) a vertical
electrical furnace, inside which the te mperature is
monitored with a programmable te mperature comnr
troller and recorded with an X-Y functional recorder;
3) an electronic balance converting the mass change
of the sample into electronic signals which are read
and processed by a computer. The sampling time in-
terval was short enough to reveal the details of the
carbothermic reduction .

Pre-treated il menite, graphite and alkali chlo-
rides were weighed separately and then fully mixed,
with graphite being more than the stoichiometric re-
quire ment . For each of the four kinds chlorides ( see
below) , 2%, 5% or 10 % ( without specific nota-
tion, hereafter the percent mark stands for mass per
cent) of the total sample mass of alkali chloride was
added in each run. During reduction process, nitro-
gen gas was kept to flow through the quartz tube to
prevent the oxidation of the reduced sample and
graphite . The te mperature inside the electrical fur
nace was adjusted and displayed by the program mable
te mperature controller during
While te mperature rose linearly , the reduction extent
of the sample was monitored by a computer and when
te mperature reached 1 000 C, the te mperature con-

reduction process .

troller automatically stopped power supply, and the
experiment was consequently completed .

The morphology of the partially reacted particles
and the distribution of metallic ions were examined by
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Fig.1 Sche matic diagram of
experimental apparatus

both scanning electric microscopy and electronic probe
microanalysis , respectively , and the results are shown
below .

2.2 Materials and their properties

It is well known that pre oxidation of the il-
menite is favorable for the following reduction opera-
tiont2 737,
TiO;) is converted to pseudobrookite ( Fe, TiOs) and

During pre-oxidation, the il menite ( Fe-

rutile ( TiO,) at te mperature above 800 C according

to the following reaction ®7:

2Fe TiOs(s) +1;oz(g) =

Fe, TiOs(s) + TiOy(s) (1)

In order to promote the reduction rate , all the il-
menite used in the experiments was pre-oxidized at
1000 C with pure oxygen for more than 5h. The re-
duction experiments were conducted with pre
oxidized natural ilmenite particles and high purity
graphite (99 .99 %) powder. Che mical composition of
the ilmenite is listed in Table 1 . As confirmed by
X ray diffraction analysis, the pre-oxidized natural
il menite consists mainly of Fe, TiOs, MgTiO; and

TiO, etct” %7,

Table 1  Che mical composition of il menite ore( %)

TiO, Fe, O, MgO Ca0 MnO
46 .28 42 .84 4.48 1.14 0.59
Al, Oy Si0, V, O P, O SO,
1.04 2 .80 0.09 0.06 0.35

As alkali additives can catalyze the carbothermic

oxidest'0> 111

reduction of metallic Anhydrous
reagent-grade sodium chloride, potassium chloride,
lithium chloride and cesium chloride were used as cat-
alysts . The salts used as catalysts had a minimum pu-

rity of 99 .8 %.

Ultra- high purity grade nitrogen (99 .99 %) was
used to maintain an inert atmosphere in the reaction
chamber. Before being fed into the reaction system,
the nitrogen gas was further dehydrated with silica
gel .

2.3 Experimental conditions
The main experimental conditions are :
0.24 Kes™!
100 ~1000 C
1.66x10°° m?ss™!

Heating-up speed
Te mperature range
N, flow rate

Size of pre-oxidized

. . 0.125~0.154 mm
il menite powders

Size of graphite powders <0.02 mm
A t of idized

. mou.n of pre-oxidize 10.00g

il menite

Amount of graphite 2.25¢

3 RESULTS AND DISCUSSION

3.1 Effects of amount of alkali additives on reduc-

tion rate

The overall reduction reaction can be mainly ex-
pressed as Eqn.(2) . The reduction conversion is de-
fined based on the following assumption: that all of
the iron components in the sample are converted into
metallic iron, and the further reduction of TiO, is ne-
glected .

%Feﬂi@(s) S(m+n)C(s) =

m

+
%(2 m+ n) Fe(s) +%Tioz(s) +

mCO,(g) + nCO(g) (2)

The effect of potassium chloride on the mass loss
of the sample is shown in Fig.2, which indicates that
the addition of KCI can notably promote the reduction
process . Moreover, as the amount of KCl increases,
the catalytic effect becomes more obvious .

The effects of NaCl, LiCl and CsCl on the

Fig .2
nomrisothermally carbothermic reduction with
different a mounts of KCI

Mass loss of il menite samples during
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reduction rate were shown in Figs .3 ~ 5 respectively,
which imply that their kinetic behaviors are similar to
which observed for potassium chloride ( The amount
of the additives are also the same) .

3.2 Effect of alkali chlorides

In order to compare the effectiveness of different
kind of chloride, the experimental results with the
same amount of alkali additive are presented in Fig.
6, which shows that under the experimental condr

Fig .3
nomisothermally carbothermic reduction with
different amounts of NaCl

Mass loss of il menite samples during

Fig .4 Mass loss of ilmenite samples during
normrisothermally carbothermic reduction with
different amounts of LiCl

Fig 5
nomrisothermally carbothermic reduction with
different amounts of CsCl

Mass loss of il menite samples during

Fig .6 Mass loss of il menite samples during
nomrisothermally carbothermic reduction with
different types of alkali chlorides(5 %)

tions, it is obvious that potassium chloride had the
most pronounced effect on the reduction rate .

In terms of reduction extent at the same te mper-
ature and within the same time interval, the alkali
chlorides can be ranked as the following order with
regard to their catalytic effect on the carbothermic re-
duction becoming weaker

KCl > NaCl > LiCl > CsCl

Furthermore , according to the initial reaction
te mperature , the catalytic effects of these alkali addi-
tives can also be ranked as the order mentioned from
Fig .2 to Fig 5.

3.3 Behavior of alkali ion

Fig .7 shows the morphology and ion distribution
maps of particles, which were reduced nonisothermal-
ly to almost 40 % .
reduction of pre-oxidized ilmenite proceeds almost

From Fig.7 we can see that the

topoche mically , and parts of the potassium ion enters
the unreacted particles and the rest enriches at the pe-
riphery of the partially reacted particles. This phe-
nomenon implies that the potassium ion might also
take part in the carbothermic reduction of the pre
oxidized il menite .

4 CONCLUSIONS

1) The addition of alkali chloride can significant-
ly accelerate the reduction of pre- oxidized il menite ,
and increase the amount of alkali chloride results in a
larger mass loss of the sample under the experimental
conditions .

2) The catalytic effect of the alkali additives can
be ranked as the following order: KCl > NaCl > LiCl
> CsCl.

3) The carbothermic reduction of pre-oxidized il-
menite proceeds topoche mically, and potassium ion
enriches at the periphery of the particle .
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Fig.7 Morphologies and distributions of
Ti, Fe, Kions within partially reduced pre- oxidized il menite particles
(a) — Morphology of pre-oxidized il menite particles ; (b) —Distribution of titanium ion;
c¢) —Distribution of iron ion; ( d) —Distribution of potassium ion
p
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