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The bluestone tailings are quickly expanded in China with the continuous utilization and mining of bluestone resources. The
incremental recycling of bluestone tailings is important to solve the resources waste and environmental pollution. This study
aims to reuse the bluestone tailings as the main material to prepare a-cordierite glass-ceramics based on melting process. The
results show that the nucleation temperature, crystallization peak temperature and the activation energy for crystallization
decreased gradually with increasing the percentage of bluestone tailings. The complete preparation parameters of a-cordierite
glass-ceramics include a bluestone tailings percentage of 70%, a heating rate of 5 °C-min, a crystallization duration of 1.5
h, a crystallization temperature of 970 °C, a nucleation temperature of 830 °C, and a nucleation duration of 1.0 h. The
performances analyses reveals that the a-cordierite glass-ceramics based on the optimized parameters exhibits high density
and Vickers hardness, low dielectric loss and water absorption, and strong chemical resistance.
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Introduction medium titanium-bearing blast furnace slag through
melting methods, in which the mass percentage of
Bluestone is widely used as building materials and titanium-bearing blast furnace slag is about 36% [15].
decorative materials due to its high bending strength, Overall, the total utilization rate of solid wastes is
low water absorption, and great abrasive resistance [1, comparatively low in the preparation process of glass-
2]. The bluestone body in Jiangxi, China consists of a ceramics. Yu et al. demonstrated that the single phase
slightly metamorphosed silt-bearing sericite slate of the (a-cordierite) and low temperature co-fired cordierite-
Middle Proterozoic Shuanggiaoshan Upper Subgroup, based glass-ceramics could be prepared from perlite
and its exploitable deposits exceed 1.0x10% m® [3]. tailings based on sintering methods [16, 17]. The
With continuous development and utilization of mining, cordierite-based glass ceramics are widely used as
the bluestone tailings wasteland is expanding quickly, dielectric materials due to its high mechanical strength,
not only occupying the large area land, but also being a low dielectric loss, and adjustable insulating coefficient
serious contaminative source. Therefore, how to recycle [18-22]. Generally, the cordierite-based glass ceramics
the bluestone tailings incrementally is significant to are designed with an approximate stoichiometric ratio
solve the resources waste and environmental pollution. 2:2:5 of MgO : AL,Os : SiO,. Besides, the nucleation
Currently, the preparation of functional materials agents and fluxing agents, such as TiO,, P,Os, Li,O,
from solid wastes is considered as one of the most K,O and Na,O etc., are added to the cordierite-based
efficient and economical methods to solve the pollution glass ceramics system, aiming at decreasing the melting
problems caused by the solid wastes, such as metallur- temperature and facilitate the crystallization process
gical slag, tailings, coal gasification slag, fly ash, etc [23-25].
[4-8]. E. Fidancevska, R. Cimdins, T. Tomohiro, and The chemical compositions of the bluestone tailings
A.A. Francis have used slag to prepare glass ceramics used in this study mainly consists of SiO,, Al,Os, Fe,0s,
of CaO-MgO-Al,0;-Si0, (CMADS), i.e., glass-ceramics K,O and Na,O, which indicates that the bluestone
bearing silica fume and other crystalline phases, which tailings are suitable for preparing cordierite-based glass
shows a high mechanical strength [9-14]. He et al. ceramics after composition adjustment with MgO
illuminated the preparation of the glass-ceramics with addition. The object of this article is to obtain the
diopside as the main crystalline phase from low and complete preparation parameters of a-cordierite glass-

ceramics from bluestone tailings. Simultaneously, the
effect of bluestone tailing percentage and heat treatment

*%mfggﬁ%g%;ﬁ?%g parameters on the crystallization behavior of a-cordierite
Fax: +86-0512-67165621 glass-ceramics were illuminated systematically. Then,
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ceramics were tested and compared with the traditional
works. The results of this study could provide theoretical
support for the high-efficiently utilization of bluestone
tailings, and also introduce an innovative method to
solve the resources waste and environmental pollution
due to the huge storage of bluestone tailings.

Experimental

Raw materials and experimental design

The bluestone tailing used in this study was taken
from a stone processing plant in Jiangxi, China, and its
chemical compositions are listed in Table 1. The main
components of the bluestone tailing are SiO,, Al,O;,
Fe,03, K,O and Na,O. The sum of the SiO,, MgO and
Al,O5 content is more than 83%, and the sum of Fe,Os,
K,0 and Na,O content is up to 10.20%. In general, the
Si0,, MgO and Al,O; are the main components of
cordierite, and the Fe,Os is widely used as nucleating
agent in glass-ceramics preparation [26-28]. Besides,
the introducing of alkali metal oxide in glass-ceramics
could also decrease the viscosity of melted glass and
the crystallization temperature. Therefore, it is suitable
to apply the bluestone tailing as the main raw materials
to prepare cordierite glass-ceramics.

For the cordierite system in reported literatures [29-
30], the Si0,-MgO-Al,O5 ternary phase diagram was
determined, as shown in Fig. 1. In this study, the molar
ratio of SiO,, MgO and Al,O; were controlled at 5: 2 :
2 to guarantee the crystallizing of cordierite.

The detailed experimental design is listed in Table 2.
The bluestone tailing percentage used in the preparation
of glass-ceramics is controlled in the range from 40%
to 70%. Also, the pure SiO,, MgO and Al,Os chemical
reagent are added to guarantee the molar ratio of SiO,,
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system with the bluestone tailing percentage reaching
70%. Therefore, no extra SiO, reagent is required at
the case of BT70.

The chemical compositions of the cordierite glass-
ceramics with different bluestone tailing percentages
are listed in Table 3. With a constant molar ratio of
Si0,: MgO: Al,Oj5 at 5:2:2, the content of SiO,, MgO and
AlLO; ranges from 46.68%~48.69%, 12.32%~12.98%,
and 31.84%~33.11%, respectively. With increasing the
bluestone tailing percentage from 40% to 60%, the
Fe,O; content increases from 2.41% to 4.22%, and the
total alkali metal oxides content, including Na,O and
K,0, increases from 2.26% to 3.96%.

Preparation of glass-ceramics

In this study, the cordierite glass-ceramics were pre-
pared via the melting method. The detailed preparation
process mainly includes the following steps as shown
in Fig. 2. Firstly, the raw materials, including bluestone

SiO;

Cordierite

2MgO-2A1,05°5510,

MgO and Al,O3 is 5 : 2 : 2. Note that the SiO, content MgO AR
has reached the maximum value in the cordierite Fig. 1. Si0,-MgO-ALO; ternary phase diagram.
Table 1. Chemical compositions of bluestone tailing (wt%)
Si0, MgO Al,O5 CaO K,O Na,O TiO, Fe,O5 Others
64.04 1.75 17.81 0.70 3.28 2.16 0.61 5.79 3.86
Table 2. Mass percentage of different raw materials used in the cordierite glass-ceramics preparation (wt%)
Case Bluestone tailing Si10, MgO AlLO;
BT40 40.00 22.05 12.25 25.70
BT50 50.00 14.86 11.90 23.24
BT60 60.00 7.27 11.59 21.14
BT70 70.00 - 11.14 18.86
Table 3. Chemical compositions of cordierite glass-ceramics with different bluestone tailing ratios (wt%)
Case Molar ratio (Si0,:MgO:Al,0O5) Si0, MgO AlLO; Fe,0; K>,O Na,O CaO TiO,
BT40 5:2:2 48.69 12.98 33.11 241 1.36 0.90 0.29 0.20
BT50 5:2:2 48.17 12.81 32.50 3.01 1.71 1.12 0.36 0.32
BT60 5:2:2 47.24 12.68 32.26 3.61 2.05 1.35 0.44 0.38
BT70 5:2:2 46.68 12.32 31.84 422 2.39 1.57 0.51 0.44

Note: R,O denotes the Na,O and K,O and other alkali metal oxide
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Fig. 2. Schematic diagram of cordierite glass-ceramics preparation process based on bluestone tailing.

tailing and pure chemical reagents, were mixed homo-
geneously with the pre-set mixing percentage in Table
2. The mixing process was conducted in the ball-
milling machine with a ball-milling duration of 30 min,
a ball-milling speed of 400 r/min, and a mass ratio of
ball to material of 3.0. Next, the mixtures were charged
into platinum crucible and heated in muffle furnace to
1,500 °C with a heating rate of 5°C/min. Then, the
mixtures were left at this temperature for 2 h until the
material completely melted, and all bubbles disappeared.
After that, a small part of the molten material was quench-
ed with water, and the nucleation and crystallization
temperatures were determined by Differential scanning
calorimeter (DSC). The remaining samples were poured
into a preheating mold, and then annealed at 600 °C.
The heat treatment temperatures significantly affect the
nucleation and crystallization of the glass-ceramics. In
this study, the nucleation and crystallization temperatures
are determined from the measured value of DSC curves.
And the nucleation and crystallization duration are 1.0
h. After heat treatment, the glass-ceramic samples were
cooled down to room temperature naturally in the
furnace to release internal stress.

Characterization methods and performance testing
In this study, DSC technic was used to determine the
nucleation and crystallization temperatures with a heating
rate of 5, 10, 15, and 20 °C/min in nitrogen atmosphere
(NETZSCH STA 449F5, NETZSCH, German). The
crystalline phases were identified using X-ray diffraction
(XRD, Ultima IV, Rigaku, Japan, Cu Ka, 10-90°) with
a scanning speed of 2 ®/min. The fractured surfaces of
the glass-ceramic samples were chemically etched for
3-5s in a 4 vol % HF solution to observe the micro-
structures using scanning electron microscopy (SEM,
SU5000, Hitachi, Japan). Meanwhile, the elemental
compositions were determined using energy-dispersive
spectroscopy (EDS, X-MAX 20, Oxford, UK).

Results and Discussions

Crystallization kinetics evaluation

The non-isothermal DSC curves of the parent glass at
different bluestone tailings percentages and heating
rates are shown in Fig. 3. The exothermic peaks in
DSC curves imply the occurrence of nucleation and
crystallization in the heat treatment process. When the
heating rate is 10 °C-min™', the nucleation temperature
T, and crystallization temperature 7, decreased from
836.5 °C and 996.1 °C to 823.1°C and 976.7 °C with
the bluestone tailings percentage increased from 40%
to 70%. This indicates that the bluestone tailings addition
could reduce the superheating required for nucleation
and crystallization, thereby promoting low-temperature
crystallization. Besides, the 7, and T, for each case shifted
towards higher temperatures at a greater heating rate
due to the hysteretic nature of the heat effect.

The non-isothermal crystallization kinetics could be
described using the Kissinger equation as follows:

In(T? Ja) = E, /(RT, )+ In(E, /R)~Inv 1)
where o is the heating rate (K/s), R is the gas constant
(8.314 J'mol-K™"), E. is the activation energy of
crystallization (J-mol™), and v is the pre-exponential
factor.

Fig. 4 shows the plot of In(7,*/a) versus 10000/7,, at
different bluestone tailings percentages. The activation
energy Ec and pre-exponential factor v could be
calculated by the slope Ec/R and intercept (In(Ec/R)-
Inv) of the fitted line in Fig. 2. The Avrami parameters
n is employed as an interpretation of the crystallization
mechanism [31], and it can be calculated from the
Augis-Bennett equation [32-33] as follows:

2.5T;
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Fig. 3. DSC curves of the parent glass samples BT40-BT70 at various heating rates.

Table 4. Activation energy, pre-exponential factor and Avrami parameters of the parent glass samples BT40-BT70

Case Activation energy pre-exponer.lti_a}l ' AVtaIpi parameters n '
Ec (kJ-mol™) factor v (min™) 5 °C/min 10 °C/min 15 °C/min 20 °C/min
BT40 463.52 4.14x10" 3.79 3.74 3.57 355
BT50 440.16 3.02x10" 4.28 4.12 3.92 3.62
BT60 434.25 4.49x10™ 4.45 443 436 4.24
BT70 432.77 4.05x10™ 4.76 4.68 4.54 4.54

Where ATy is the full width at half maximum of the
exothermic peak. The Avrami parameters at different 126 -
heating rates are listed in Table 4. It can be seen that
the activation energy decreased from 463.52 kJ-mol™ 124 -
to 432.77 kJ-mol™' obviously with increasing the i
bluestone tailings percentage from 40% to 70%. This
indicates that the increasing of bluestone tailings could
facilitate the crystallization through a lowered activation
energy. The Avrami parameters increased gradually
with enhancing the bluestone tailings percentage, which 16 L
indicates that the bluestone tailings could improve the .
crystallization ability of the base glass. In addition, the 14 -
Avrami parameters mainly ranged from 3.0 to 5.0 and U . P
the volume crystallization could be occurred, which " 0775 0780 085 0.790 0.795 0.800 0.805 0810 0815 0.820
benefits to prepare the glass-ceramics samples with 10

higher density and better performances. Fig. 4. Plots of In(7,*/a) vs 10000/, for the parent glass samples
BT40-BT70.

BT40, r=0.9991
BT50, r=0.9706
BT60, r=0.9941
BT70, r=0.9982
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Effect of bluestone tailings percentage on the phase
and microstructure of glass-ceramics

Based on the abovementioned nucleation and crystalli-
zation temperature, the preliminary heat treatment para-
meters, including T, 7,, nucleation duration, crystallization
duration, and heating rate are listed in Table 5. After
heat treatment, the glass-ceramics samples were analyzed
by XRD and SEM-EDS.

Fig. 5 shows the XRD patterns and crystallinity of
glass-ceramics with different bluestone tailing percen-
tages. As shown in Fig. 5(a), the main crystal phases in
the different glass-ceramics samples are a-cordierite
(Mg,Al1,Si5015, PDF : 82-1884), and there are no y-
cordierite peaks observed. With increasing the bluestone
tailing percentages, the diffraction peaks of a-cordierite
increased obviously at the crystal orientation of (010),
(012), (112), (121), and (022), which indicates the
enhancing of bluestone percentage could promote the
precipitation and growth of a-cordierite crystals effectively.
Further, the crystallinities of the samples were calculated
by the Jade software using Rietveld refinement [34, 35]
and the results are shown in Fig. 5(b). It can be found
that the increasing of bluestone tailings from 40% to
60% lead to an obviously crystallinity increasing from
49% to 64%. Therefore, the increasing of bluestone
tailings could promote the crystallization of a-cordierite
glass-ceramics.

The microstructures and EDS results of the glass-
ceramics with different bluestone tailings percentages

Table 5. The preliminary heat treatment parameters of glass-
ceramics with different bluestone tailings percentages

Nucleation Crystallization Heating rate/

Case T,/"C duration/h 1P rC duration/h °C-min’
BT40 840 1.0 1000 1.0 10
BT50 830 1.0 980 1.0 10
BT60 830 1.0 980 1.0 10
BT70 830 1.0 980 1.0 10
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after chemically etched are shown in Fig. 6. The
objective of the chemically etching is to remove the
glass matrix effectively and observe the crystal particles
clearly. It can be seen that large amounts crystal particles
precipitated in the different glass-ceramics samples. The
EDS results of the crystals show that the stoichiometric
ratio of Si: Mg: Al is about 5:2:4, which indicates the
cordierite is the main crystal phase. In the case BT40
and BT50, the crystal particle size is higher than 2 pum.
Simultaneously, there are several pores generated in the
two samples, which is mainly due to the crystallinity is
relative lower and the glass matrix could be etched
significantly. With increasing the bluestone tailings, the
crystal particle size gradually becomes smaller, and the
average crystal particle size is about 1.5 pum in case
BT70, as shown in Fig. 6(d). Besides, in the case BT60
and BT70, the pores disappeared due to the crystallinity
increasing, which could be attributed to the increased K
and Fe content with enhancing the bluestone tailings.
Considering the fully utilization of the bluestone tailings,
the recommended bluestone tailings percentage is 70%
in the glass-ceramics preparation.

Optimization of heat treatment parameters

Based on the abovementioned bluestone tailings per-
centage, nucleation temperature and nucleation duration,
the heat treatment parameters were optimized by
single-factors experiments. The detailed levels of the
selected factors, including crystallization temperature,
crystallization duration, and heating rate, are listed in
Table 6.

The XRD patterns and crystallinity of the glass-
ceramics with different heating rate are shown in Fig.
7. As shown in Fig. 7(a), the main crystal phases with
the different heating rate are o-cordierite, and with
enhancing the heating rate, the diffraction peaks of o-
cordierite decreased slightly at the crystal orientation of
(121), and (022), which indicates the enhancing of
heating rate could restrain the precipitation and growth
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Fig. 5. XRD patterns (a) and crystallinity (b) of glass-ceramics with different bluestone tailing percentages.
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Fig. 6. SEM-EDS of the glass-ceramics with different bluestone tailings percentages after chemically etched.

Table 6. The preliminary heat treatment parameters of glass-
ceramics with different bluestone tailings percentages

Factors Levels
Crystallization temperature /°C 910 930 950 970 990
Crystallization duration /h 0.5 1.0 15 2.0
Heating rate /°C-min™! 2 5 8 11
Nucleation temperature / °C 830
Nucleation duration /h 1.0

of a-cordierite crystals. The crystallinities of the samples,
as shown in Fig. 7(b), decreased from 65% to 57%
with lowering the heating rate from 11 °C-min”' to 2
°C-min"". This is because a lower heating rate indicates
a longer crystal growth time, thereby facilitating the
crystallization ability.

The heating rate has a significantly effect on the
growth and aggregation of the crystal particle, as
shown in Fig. 8. With a heating rate of 2°C-min™' and
5°C-min”', the a-cordierite crystal particles distributed
uniformly and the particle size mainly ranged from
0.5um to 1.5pm, as shown in Fig. 8(a) and 8(b). With

increasing the heating rate to 8°C-min” and 11°C-min’',
the particle size of most crystals was higher than
2.0um, and the aggregation phenomenon of the crystal
particle was more serious than that with a lower
heating rate, which is due to the fact that the increasing
of the heating rate could reduce the nucleation points,
thereby decreasing the amounts of crystal particles and
increasing the particle size. Therefore, fully considering
the crystallinity, energy consumption and preparation
efficient of the glass-ceramics, the selected heating rate
is 5°C-min".

The XRD patterns and crystallinity of the glass-
ceramics with different heating rate are shown in Fig.
9. As shown in Fig. 9(a), the main crystal phases at
different crystallization temperatures are o-cordierite,
and the peaks intensity increased obviously with
enhancing the crystallization temperature. At 910 °C,
the peaks intensity of a-cordierite phase was lower, and
an obvious bread peak could be observed with a
diffraction angle ranging from 20°~30°, which indicates
that the crystallization is insufficient and the crystallinity
is as low as 37.0%.
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Fig. 7. XRD patterns (a) and crystallinity (b) of glass-ceramics with different heating rate.

Fig. 8. Microstructures of the glass-ceramics with different heating rate after chemically etched.

With increasing the crystallization temperature from
910 °C to 970 °C, the diffraction peaks of a-cordierite
increased obviously at the crystal orientation of (010),
(012), (112), (121), and (022), which indicates the
enhancing of crystallization temperature could promote
the precipitation and growth of a-cordierite crystals
effectively. Correspondingly, the crystallinity increased
and reached the maximum value 64% at 970 °C, as
shown in Fig. 9(b). With further increasing the tem-
perature to 990°C, the crystallinity decreased slightly,
which is mainly caused by the remelting of some

crystals at this temperature.

Fig. 10 shows the microstructures of the glass-
ceramic samples prepared at different crystallization
temperature. As shown in Fig. 10(a), a lot of cracks
appeared in the glass-ceramics, which could be attributed
to the following reasons. (1) With a crystallization
temperature of 910 °C, the crystallinity was relatively
low and large amounts glass phases existed. In the
cooling process, the different expansion properties
between glass phases and crystal phases would result in
the internal stress and produce fine cracks. (2) To
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Fig. 9. XRD patterns (a) and crystallinity (b) of glass-ceramics with different crystallization temperature.

Fig. 10. Microstructures of the glass-ceramics with different crystallization temperature after chemically etched.

observe the crystals in glass-ceramics, the samples
were chemically etched for 3-5s in a 4 vol % HF,
which would dissolve the glass phase and promote the
cracks growth further. With increasing the crystallization
temperature, the crystallinity increased and the cracks
gradually disappeared. With increasing the crystallization
temperature to 990 °C, the crystal grain edges became
blurred, which indicates that the remelting of crystal
grains occurred gradually. As a result, the crystallinity
of glass-ceramics reduced slightly. Therefore, considering
the crystallinity and microstructures of the glass-
ceramics, the recommended crystallization temperature
is 970 °C.

Fig. 11 shows the XRD patterns and crystallinity of
the glass-ceramics with different crystallization duration.

It can be seen that the main components in the glass-
ceramics is o-cordierite. With the increase of crystallization
duration, the diffraction peaks of a-cordierite increased
at the crystal orientation of (010), (012), (112), (121),
and (022). This indicates the increase of crystallization
duration could promote the precipitation and growth
of a-cordierite crystals obviously. Simultaneously, the
calculated crystallinity increased obviously from 52%
to 65% with increasing the crystallization duration from
0.5h to 1.5 h, and then increased slightly to 66% with
further increasing the crystallization duration to 2.0h.
This indicates that the increasing of crystallization
duration could facilitate the crystallization of bluestone
tailing glass-ceramics. Fully considering the crystallinity
tendency and the energy consumption, the selected
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Fig. 11. XRD patterns (a) and crystallinity (b) of glass-ceramics with different crystallization duration.

Fig. 12. Microstructures of the glass-ceramics with different crystallization duration after chemically etched.

crystallization duration is 1.5 h.

Fig. 12 shows the microstructures of the samples
prepared at different crystallization duration. At 0.5 h,
the crystal particle size is smaller than 2 pum, and large
amounts glass phases could be observed due to the low
crystallinity, as shown in Fig. 12(a). With increasing
the heat treatment duration, the glass phases gradually
disappeared and the crystals growth, the particle size of
most crystals is larger than 2 um when the crystallization
duration is 2.0 h, as shown in Fig. 12(d). Notably, the
crystal distribution and particle size are relatively more
uniform in Fig. 12(c) than that in the other cases.

Therefore, based on the abovementioned results, the
recommended heat treatment parameters include a
heating rate of 5 °C-min”', a crystallization duration of
1.5 h, a crystallization temperature of 970 °C, a nucleation
temperature of 830°C, and a nucleation duration of 1.0 h.
To illustrate the nucleation and crystallization mechanism
of the cordierite glass-ceramics prepared from bluestone
tailings, the structures of the glass-ceramics at nucleation
and crystallization stage are shown in Fig. 13. The
structures transitions during heat treatment could be
divided into three stages, namely the nucleation stage,
nucleation and growth stage, and crystallization and
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growth stage. The transition stages closely related to
the nucleation temperature (7,) and crystallization
temperature (7},). With increasing the temperature to 7,
the crystal nucleus began to precipitate in the sample,
as shown in Fig. 13(a). In the temperature range from
T, to T,, the new crystal nucleuses are continuously
formed in the sample. Simultaneously, the crystal
nucleuses formed earlier begin to grow due to tempera-
ture increasing, as shown in Fig. 13(b). With increasing
the temperature to 7}, the crystal nuclei formed in the
sample earlier begin to grow uniformly, as shown in
Fig. 13(c).

Property evaluation

The glass-ceramics sample prepared with different
bluestone tailings under a heating rate of 5 °C-min”', a
crystallization duration of 1.5 h, a crystallization tem-
perature of 970 °C, a nucleation temperature of 830 °C
and a nucleation duration of 1.0 h were used for properties

C.H. Li, W. Zhao, J.L. Zhang, W. Lu, P. Li, B.J. Yan and HW. Guo

testing. The density, Vickers hardness, and dielectric
loss of the glass-ceramic sample were tested, and the
results are shown in Fig. 14. It can be seen that the density
and Vickers hardness are increased with enhancing the
bluestone tailings percentage. This may be related to
the improved crystallinity and grain refinement and
homogenization. With a bluestone tailings percentage
of 70%, the density and the Vickers hardness are
2.89 g-cm™ and 813.23 HV, which are similar to those
for cordierite-based glass-ceramics as obtained from
the previous research [5]. The dielectric properties,
including dielectric constant and dielectric loss, were
tested at a frequency of 10MHz. As shown in Fig. 14,
the dielectric constant and dielectric loss increased
slightly with increasing the bluestone tailings percentage.
The dielectric constant and dielectric loss are mainly
ranging from 15 to 17 and 0.01 to 0.03 and obviously
higher than that in the reported researches [11], which
is mainly caused by the higher alkali metals content

Fig. 13. Schematic diagram of the glass-ceramic nucleation and crystallization stage during heat treatment.
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Fig. 14. The properties of glass-ceramics with different bluestone tailings percentages.
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Table 7. The water absorption and chemical resistance of the
glass-ceramics with different bluestone tailings percentages

Chemical resistance

Bluestone tailings ~ Water absorption Tvol%% TWi%

0 0,

percentage /% 1% H,SO, NaOH
20 0.46 0.06 0.07
50 037 0.03 0.06
60 0.32 0.04 0.03
70 0.30 0.02 0.02

(K,0, Na,O, Fe,0;) in the bluestone tailings.

Besides, the water absorption and chemical resistance
of the glass-ceramics with different bluestone tailings
percentages are listed in Table 7. With increasing the
bluestone tailings percentages, both the water absorption
and chemical resistance decreased obviously, which are
mainly caused by the improved densification and high
crystallinity. In conclusion, the bluestone tailings could
promote the crystallization and decrease the pores,
thereby inhibiting the absorption or erosion process.

Conclusions

(1) With increasing the bluestone tailings percentage
from 40% to 70%, the crystallization activation energy
decreased from 463.52 kJ'mol™ to 432.77 kJ-mol™
obviously, and the Avrami parameters enhanced gradually
in the range from 3.0 to 5.0, which indicates that the
increasing of bluestone tailings could facilitate the
crystallization of the base glass.

(2) With a bluestone tailings percentage of 70%, the
optimized preparation parameters of a-cordierite glass-
ceramics include a heating rate of 5 °C-min™, a crystalliz-
ation duration of 1.5 h, a crystallization temperature of
970 °C, a nucleation temperature of 830 °C, and a
nucleation duration of 1.0 h.

(3) The performances analysis reveals that the o-
cordierite glass-ceramics based on the optimized para-
meters exhibits high density, Vickers hardness, and
dielectric loss. Simultaneously, the high crystallinity
and the improved the densification and inhibiting the
absorption or erosion process.
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