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Abstract

In order to effectively utilize the ascharite mineral. in Liaoning
province of China, the paper studied to extract magnesium from
ascharite mineral with aluminum powder as reductant by vacuum
thermal reduction process. And boron of the raw material was
saved in residue that could be used as raw materials to produce
non-alkali glass fiber. Environment cannot be polluted during this
process, as well as the process can create great economic value.
Calcined material and residue were taken XRD analysis. Based on
thermodynamic analysis, the Gibbs free energy and critical
temperature of reduction ascharite with aluminum were
calculated. As a result, the critical temperature is 1302°C at
ordinary pressure, and addition, the critical temperature will
reduce farther when the air pressure is reduce in the retort, The
recovery rate was effected remarkably by the mass of reductant
and the making briquettes pressure.

Introduction

Currently the ascharite mineral is used to produce borax by carbon
dioxide-soda process in China. The boron utilization rate is lower
than 75%. At the same time, magnesium resource and the rest
boron is remained in the residue, named boron mud, which has
never been utilized 'Y\, In this paper, magnesium was extracted
from ascharite mineral by vacuum thermal reduction process, and
other components were kept in the residue, which can be used to
manufacture non-alkali glass fiber. It avoids pollution of boron
mud and effectively utilizes the resource.

Ma Lihong ™ and Xu Dong " have studied the vacuum thermal
extraction magnesium from ascharite mineral. However, the
material they used contained lower amounts of boron and
magnesium. As a result, the magnesium’s recovery rate was very
low and the content of boron in residue was very low too, so that
the residue was low value. Wu X L ¥ and Peng J P®) has made
researches on vacuum thermal extract magnesium from rich-boron
and rich-Mg mineral with silicon and CaC, as reductant,
respectively. While silicon serving as reductant needs adding a lot
of CaQ, the boron in the residue gotten was diluted. The reduction
test was also undesired because the reductive ability of CaC, was
poor.

In this paper, aluminum powder was chosen as reductant because
it highly reducing in nature and it needs little CaO in contrast with
Si.

Experiments

Experiment materials

The chemical compositions of ascharite mineral, from Kuandian,
Liaoning province, are shown in table 1.
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Tablel Chemical compositions of ascharite mineral
Chemical composition MgO B;0; SiO; CaO Al,0;
4467 2608 6.18 319 143

Others
18.45

Content (%.w)

Other materials including aluminum powder, CaCO; and CaF, are
reagents which are produced by Tianjin Kemio Chemical Reagent
Co., LTD Production. Particle sizes are less than 74 pm, 100%.

In each test, 80 g ascharite mineral powder was mixed with
151.10 g CaCO; prior to compaction into several briquettes by 45
MPa. Then these compacted briquettes were fed into a resistance
fumace and calcined at 1000°C for 30 min to eliminate H,O and
CO,. Then the calcined material is milled to -120 pm particle.
Figure 1 shows the XRD pattern of the calcined material.
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Fig.1 XRD pattern of calcined szaibelyite mineral and CaCO3

According to the Fig 1, the calcined material mainly contains
Ca0O, MgO and 3Ca0-B,0;.

Equipment

The equipments in experiments mainly included resistance
furnace, temperature detection and control system, vacuum
system, reduction equipment and cooling system. The sketch of
equipments is shown as Fig 2.
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1-Tempareture controlling unit, 2-Reduction furnace, 3-Retort,
4-Vacuum gauge, 5-Vacuum pump
Fig.2 Schematic diagram of experimental apparatus



Experiment Process

The test outline is summarized in the figure below and follows the
typical Pidgeon process flow sheet.
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Fig.3 Flow sheet of experiment

The influence of the Al mass and the briquetting pressure prior to
reduction on recovery rate was studied in the experiment. In each
test, 80 g ascharite mineral powder was mixed with 151.10 g
CaCO;. Then the mixed material were compacted into briquettes
and undergone calcination. The calcined material was milled and
mixed with different mass Al and 5.07 g CaF,, and then the mixed
material for reduction tests was compacted into briquettes as
30MPa pressure. Then the influence of the Al mass on recovery
rates was researched. At last confirm the charge mass of Al was
18.28 g in each test.

Second part of the experiment, keeping the conditions as before,
only changing the briquetting pressure of reduction material, the
influence of briquetting pressure on recovery rate was studied.

All experiments were done at 128D for 120 min, and within
vacuum system pressure of 4 Pa.

The method of calculating recovery rate

Before reduction, the magnesium collector was weighed as my:
After reduction, the collector was weighed again as m,;. So the
recovery rate S) was calculated as following formula,
Si=(m—mq)/m*x100% )
where m* is the mass of magnesium, which can be calculated
based on the mass of ascharite mineral contented in the briquettes.

Results and analysis

The productions and thermod; ic analysis

68

The experiment produces include magnesium condensed and rich-
boron residue. The chemical composition of magnesium
condensed is shown in table 2:

Table 2 Chemical analysis result of prepared magnesium compare
with ISO Mg-99.8

Mg Fe Si Ni  Cu Al Mn

Experimental value (%) 99.87 0027 0.005 0.003 0.011 0.039 0.037

ISO (%) 9980 005 005 0002 002 005 01

It can be see that the produced magnesium in experiments is
almost accord with the 1SO.

Figure 4 shows the XRD pattern of the reduction residue from the
reduction experiment with 18.28 g Al and 30MPa briquetting
pressure.

Moty a

Fig.4 XRD pattern of residue

According to the fig 4, main components of the residue are
3Ca0-B,0; and 11Ca0-CaF, 7Al,0;. The residue can be used to
produce non-alkali glass fiber because it is rich-boron. The
chemical compositions of the residue and non-alkali glass fiber
are shown in table 3.

Table 3 Chemical composition of experimental residue and non-
alkali glass fiber, (%.®)

MgO BzO;

SiO, CaO Al,O3  Others

Experimental residue 349 147  3.00 5642 21.89 050

Non-alkali glass fiber 4.5+0.5 8.840.5 54.110.5 16.610.3 14.6+0.4

According to the table 3, the content of B,O; in residue is higher
than non-alkali glass fiber’s demand. The other compositions in
residue are also needed in glass fiber.

Fig 4 shows that the MgQO is deoxidized and that the
11Ca0-CaF;-7A1,0; is made in experiment. The reaction
equation of deoxidizing MgO is shown as following:

12Ca0(,, + 21Mg0(s) +14Al(|) = Z]Mg(g) + 12Ca0~7A1203(,)

AG? =3567815-2265.55T (J/mol).

@

At standard atmospheric pressure, the critical reaction temperature
of equation (2) is 1302°C. If the system pressure is 10132.5Pa, the
Gibbs free energy of equation (2) will be changed as following:

AG, = AGf +21RT1n (pm/p®) = 3567815- 2667.57 T (J/mol)

As a result, the critical reaction temperature falls to 1063C. In
experiments the system pressure usually was 4 Pa or even low,



and the temperature in retort was “20Ghe conditions in
experiments can meet the thermodynamic demands.

The relationship between reductant mass and recovery rate

According to the chemical compositions of ascharite mineral in
table 1, there are 35.74g MgO in 80g ascharite mineral. Based on
the reaction equation (2), the stoichiometric requirement of Al is
16.08g, but in experiments the Al mass usually is above the
stoichiometric requirement. Let the Al mass above 16.08g rate is
u, and the p is counted by the following formula:

u=(A-16.08)/16.08x100% 3)
where M is the addition mass of Al in test, g. The results are
shown in the table 4:

Table 4 The recovery rate obtained by different Al mass
experiments

No. (%) Al(g) CaCO;(g) Recovery rate (%)
1 336 16.62 147.98 84.86
2 597 17.04 148.76 87.67
3 852 1745 149.54 89.44
4 1L13 1787 150.33 92.26
5 13.68 18.27 151.11 93.62

According to table 4, with the increasing of Al mass, the chance
of Al contact with MgO is increased that performs as the material
activity is increased and the recovery rate is improved.

Influence of briquetting pressure on recovery rate

Keeping the experimental conditions as before, with 18.28 g Al,
changes the briquetting pressure of reduction material. The
briquetting pressures of reduction material and the recovery rates
are shown in table5.

Table 5 The recovery rate obtained by different briquetting
pressure experiments

No. Briquetting pressure (MPa) Recovery rate (%)
1 not being compacted 82.53
2 15 88.86
3 30 93.62
4 45 90.48
5 60 87.51

The test No. 1 means that the calcined material powder didn’t be
compacted and was directly feed in retort for reduction test.
According to the theory of Pidgeon process, which is the method
currently to extract magnesium, if the material not be compacted,
only a little magnesium is gotten.

However in the test No.1 of table 5, Al and ascharite mineral is
melt at the experiment temperature, so it still can obtain a high
recovery rate because mass and heat transfer in liquid state is
casier than in solid state. According to table 5, the best briquetting
pressure is about 30 MPa, and under this condition, the highest
recovery rate can reach 93.62%. When the briquetting pressure
continues growing up the recovery rate will fall.

Conclusions

There are a lot of B,O; in the residue which can be used to
produce non-alkali glass fiber.
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Based on thermodynamic analysis, with Al as reductant and
enough CaO, the critical temperature is 1302°C. If the pressure in
retort is 10132.5Pa, the critical temperature will be 1064°C. So the
reaction under experiment conditions can progress well.

It is proved by experimental results shows that the recovery rate
can be increased by increasing the mass of Al. With 151.10 g
CaCOs, 5.07 g CaF, and 80 g ascharite mineral in each test, the
reasonable addition mass of Al is 18.27 g.

The results show that it is not necessary to compact the calcined
material powder to achieve high magnesium recovery rate. The
reasonable briquetting pressure is 30 MPa, and the recovery rate

_can reach 93.62%.
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