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ABSTRACT

with TiO, and ZrO, as additive agents were investigated by X-ray diffraction, differential thermal analy-

The crystallization and kinetics of the boron component bearing MgO-B,0,-SiO; slag

sis, scanning electron microscopy and infrared ray spectrum. The results showed that additive TiO, and
Zr(}, decreased the activation energy of crystallization and improved the phase separation, that make the
crystalline phase precipitate easily, the efficiency of extraction of boron (EEB) was promoted. Mean-

while, the structure of slag was modified by addition of TiO,.
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1 INTRODUCTION

A complex ore (ludwigite ) containing
30%~35% Fe, 6%~12% B,0;, 20%~25%
MgQO, 12%~15% Si0;, 1%~2% AlLQO;is a
very important resource of boron and iron in
China. Since the ore was carefully treated by
high temperature-chemical process, all of
magnesia and 90% boron were concentrated in
the molten slags and separated from the liquid
pig-iront!!
boron from the slags efficiently. It was found
that the efficiency of extraction of boron
(EEB) was directly related to the precipitating
characteristics of the boron component bearing
the slag™’, such as in the form of crystalline
or amorphous phase. The EEB was high if the
boron component existed in the form of crys-
talline phase, otherwise the EEB was low in
the form of amorphous phase. The character-
istics of the boron component can be manipu-
lated by additive agents™!, TiQ, and ZrQ, have

been mentioned as effective additive agents in
(3—-8]

, thus an urgent need is to extract

many glasses The purpose of the present
work is to estimate the influences of additive

agents on the crystallization kinetics and crys-

tallization behaviors of the boron component
bearing MgO-B,0;-Si0, slag, and to select
and optimize the additive agents.

2 EXPERIMENTAL

The chemical composition of 45% MgQO,
20% B,0,, 35% SiO, was selected from chem-
ical reagents with analytical purity. The sam-
ples were added by 2% TiQ,(sample 1), 2%
ZrQ); (sample 2), respectively. Sample 3 was
no any additive agent. The samples prepared
using the oxide powders as raw materials were
put in the graphite crucibles, melted quickly
at 1500 C in the furnace with a MoSi, heating
element and then quenched in cooling water.
XRD showed no evidence of crystalline phase
existed in the as-quenched samples.

The samples were heated to study their
crystallization behaviors. Two methods of
heat treatment were employed in this study.
The first was that the samples were held at
750 C for 1 h. The second was that the sam-
ples were firstly treated at 750 ‘C for 1 h and
then were set at 850 C for 30 min.

The precipitated crystalline phase was i-
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dentified by XRD.

Polished samples were etched with 1%
HF and then coated with a thin film of carbon
for SEM observations.

The DTA experiments were performed
using Shimadia model DT-30B at the heating
rates of 5°C/min, 10 C/min, 20 C/min and
using @- alumina as the reference.

The IR experiments were carried out with
the spectrometer model Nicolet 510 P FT-IR.

3 RESULTS AND DISCUSSION

3.1 Activation Energy of Crystalliza-
tion
The crystallization behavior of the slag is
similar to that of glass, so it is available to
study the crystallization kinetics of the slag by
the same method as for glass.
Solid state reaction, such as the crystal-

lization of glass, can be described empirically
by the JMA (Johnson-Mehl-Avrami) equa-

[9, 10] .

x=1—exp(— k") »
where =z is the amount of material trans-

tion

formed at the time ¢, n is a dimensionless
quantity called the Avrami exponent, and £ is
the reaction rate constant, whose temperature
dependence is generally expressed by the Ar-
rhenius equation ;

k = Aexp[— E/RT] (2)
where Ais the frequency factor, E activation
energy, R gas constant, and T Kelvin temper-
ature.

During a DTA experiment the tempera-
ture is changed linearly with time at a given
rate @. The temperature is;

T=T,+ & (3
where T, is the initial temperature and T is
the temperature after time z. As the tempera-
ture constantly changes with time, %2 is no
longer a constant but varies with time in a
more complicated manner

k = Aexp[ — E/R(T, + &t)] (4)

The rate of x reaches its maximum at a
temperature 7,. Solving equation (1) for
d’z/dt* = 0, the following equation is derived

as[nfn]:

In(T%/®) = E/RT, + const (5)

A plot of In(T%/®) vs 1/T, should be a
straigt line from which E can be determined
from the slope.

One typical DTA curve of the samples at
a heating rate of 10 'C /min is shown in Fig. 1.
It can be seen that only one exothermic peak
exhibits during the DTA run, the phase iden-
tified by XRD showed that the host crystalline
phase was 2MgQ +B,0;, both 3Mg0-B,0, and
2MgQ+Si0, were the minor crystalline phase.

endo«sexo
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Fig. 1 DTA curve for crystallization of
the sample at a heat
rate of 10 'C/min

A plot of In(T%/®) versus 1/T, for vari-
ous samples in Fig. 2 is found to be linear.
Values of the activation energy of crystalliza-
tion E are calculated using Eqn. (5) by least-
squares fitting, and E;, =409k]/mol, E, =421
kJ/mol, E; =484 k]/mol. It can be indicated
that the activation energy of crystallization are
remarkably decreased by addition of TiQ, and
ZrQ,. It is suggested that additive agents play
an role in weakening glass network and make
the boron component precipitate in the form of
crystalline phase, thus improving the EEB.

3.2 Phase Separation and Crystalliza-
tion

Fig. 3 shows the micrographs of samples
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Fig. 2 Plots of In(1%/®) vs 1/T,
for various samples
1 sample 1; 2 sample 2; 3 sample 3

treated at 750 'C for 1 h. The results indicate
that the phase separations are observed, but
the extent of phase separation for sample 1
and sample 2 is more apparent than sample 3.
It is concluded that addition of Ti(), and Zr(Q),
promotes the phase separation. The XRD pat-
terns of samples annealed at 750 C for 1h and
heated at 850 'C for 30 min are shown in Fig.
4. The results reveal that the host crystalline
phase is 2Mg(+B,(); and the minor crystalline
phase is 3Mg(+B;();, in which the amount of
crystal of sample 1 are more than that of sam-
ple 3. Obviously, addition of Ti(), improves
the precipitation of boron component in the
form of 2MgQ « B,0); and 3MgO - B,0;. The
precipitated crystals consist of a lot of self-
similar dendrites, as shown in Fig. 5.

It is considered' ' that the cations Ti‘'
and Zr*', which have small ionic radius and
high electric charges as well as great field
strength, are prone to polarize the surround-
ing oxygen anions to form a shield, so that the
glass phase separations are accelerated. The
phase separations provide the driving force for
the nucleation of crystallization and the inter-
face for favourable place 1o form a crystal nu-
clei. Even within large supercooling region the

phase scparations cnable the constituents of
additive agent to accumulate in one of double
phases, and then the crystallites are trans-
formed from the liquid phase as crystal nucle-
i 15,

During heat treatment the crystallization
effect of glass improved by additive agents de-
pends on the quantity and electric charge of
cations, with  high

since smaller cations

Fig. 3 Microstructures of samples
heated at 750 C for 1 h

(a) sample 1; (b) sample 2; (¢) sample 3
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o 2MgO - B,O,

e 3MgO - B,O,
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Fig. 4 XRD patterns of samples annealed
at 750 'C for 1h and heated
at 850 'C for 30 min

Fig. 5
annealed at 750 C for | h and heated
at 8§50 C for 30 min

Microsturcture of sample

cationic field strength are more easily sur-
rounded by the oxygen anions. which are ar-
ranged in order, than bigger cations with low
field strength, so small cations are more prone
to be realized transition to order structure of
crystal'*l, The field strength of Ti*" (Z/r* =
8.7 ) are higher than that of Zr** ( Z / »*
=6.3)""", therefore, the activation energy of
crystallization arec more decreased by TiO),
than Zr(},.

3.3 Structure

The IR results are shown in Fig. 6. It can
be seen that three weak peaks are found in
wavenumbers of 490cm ', 533 cm ' and 930
cm™' because of addition of TiQ,, they belong
to the characteristic vibration of [B,0,]"%,
the curve vibrations of [BO,] are taken place
in the range between 540~590cm ', the sym-
metry expansion and contraction of [BQ,] ap-
pear in the range between 900~950cm ', the
non symmetry expansion and contraction of
[BO,] occur in the range between 1000~1260
em D% It is suggested that there are a lot of
[B.O;] and [BO;] in the slag structures.
From the viewpoint of crystal chemistry, the
two structures are favourable to make 2MgQ -
B,0; and 3MgQ +B,(), precipitate.

4 CONCLUSION
(1) The additives TiQ), and ZrQ), de-

creased the activation energy of crystallization
and improved the phase separation, that made

6o (b

transmittance/ %}
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Fig. 6 IR spectra of samples

(a) - sample 1; (b)—sample 3
(To page 78)
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60%. It is known from the comparisons in
Table 2 that the properties of the deposit pro-
duced using the novel technology is obviously
better than those of the deposit produced us-
ing the conventional technology.

5 CONCLUSIONS

(1) A novel spray deposition technology
with the characteristics of multi-layer depos-
tion and the combination of forced external
cooling and internal water cooling of the sub-
strate. Compared with the conventional tech-
nology, the novel technology exhibits specific
advantages, larger solidification
rate, higher dimensional precison and ease to
manufacture large preforms.

(2) The optimum deposition conditions of
the multi-layer deposition process depend on
the spray distance, the motion rates of the
substrate and the heating crucible, the over-
heating degree of the molten alloys, and the

including

mass ratio of gas to molten alloy. Compared
with the single spray deposition technology, it
is easy for the multi-layer spray deposition to
gain optimum deposition conditions.
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(From page 48) the crystalline phase easily,
thus the EEB was promoted. They are valid
additive agents.

(2) The structure of slag was modified by
addition of TiO,. A lot of [B,O;s] and [BO,]
which were favourable to make the crystal of
2MgO +B,0; and 3MgO +B;0O; precipitate were
produced.
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