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Abstract. The process of granulation in blast furnace slag (BFS) by gas quench-
ing can effectively recover the waste heat of BFS and improve the value-added
nature of the BFS byproduct. With decreasing temperature, BFS crystallizes into
melilite, anorthite, spinel, efc. Mineral crystallization, however, is not conducive
to the production of amorphous BFS beads. This study uses thermodynamic
simulation and remelting experiments to study the influences of basicity, acidity,
and the MgO and Al,O5 content of the BFS on the crystallization. By controlling
the composition of the BFS, mineral crystallization in the process of granulation
in BFS, by gas quenching, could be prevented. The results show that increasing
the basicity of the BFS causes the mineral crystallization temperature to increase
rapidly. The mineral phase then crystallizes at a higher temperature, which is not
conducive to the formation of an amorphous phase. Increasing the acidity of the
BFS can greatly decrease the crystallization temperature, e.g., when the acidity
increases to 1.3, amorphous BFS beads can be obtained at the gas quenching tem-
perature (1623 K). Although increasing the MgO and Al,O5 contents in the BFS
had little effect on the crystallization temperature and yield, the preparation of
amorphous BFS beads by gas quenching could be realized by adjusting the acid-
ity of the BFS.
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INTRODUCTION

Blast furnace slag (BFS) is the main byproduct of iron production and is pro-
duced at a rate of 300-350 kg t~! taking away about 1.5x10¢ kJ t-1 of sensible
heat. Currently, traditional water quenching wastes a large amount of water and
pollutes the environment. The temperature of the water used for slag washing is
about 336-353 K13 and the efficiency of the waste heat recovery is less than 10 %.
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The process of bead-forming in BFS by gas quenching has great practical sig-
nificance; it can efficiently recover the sensible heat of the BFS and turn the BFS
into a high value-added byproduct. Simultaneously, this process can allow the
iron and steel industry to reduce high-energy emissions and utilize much more of
the solid waste.#-0

Many studies on the treatment methods for BFS and waste heat recovery
have been performed. Liu’ et al. studied a dry granulation method for rotary
cups, which not only recycles the sensible heat of BFS but also saves a large
amount of fresh water and does not pollute the environment. Zhu8 et al. studied a
granulation technique combining a high-speed rotating cup with blast air. The
effects of the rotating speed of the atomizer, liquid flow rate, and the blast air
flow rate on the particle size, particle mass distribution and fiber mass fraction
were studied. Pickering® et al. proposed a new process of dry granulation and
waste heat recovery of BFS, which could recover 60 % of the waste heat energy.
This study uses thermodynamic simulations and experiments to explore the inf-
luence of the BFS composition on mineral crystallization and crystallization tem-
perature, which improves the bead-forming process in BFS by gas quenching and
provides a theoretical basis for the granulation process in BFS by gas quenching.

EXPERIMENTAL

Experimental materials

The raw BFS was provided by an iron plant. The slag temperature was 1723 K and the
main chemical composition of the BFS is shown in Table I. CaO, SiO,, MgO and Al,0O; ana-
lytical reagents were used as the conditioning agent.

TABLE I. Chemical composition of the blast furnace slag
Composition Si0, CaO MgO ALO; Fe,0O; TiO, K,O Na,0O MnO
Content, % 33.53 36.25 8.64 1582 1.57 1.38 054 032 0.17

The basicity and acidity of the BFS in these experiments was 0.91 and 1.1, respectively,
and the influence of basicity, acidity, and the MgO and Al,O5 contents on the mineral crys-
tallization of BFS was investigated by changing the composition of the BFS at the gas
quenching temperature.

Based on the original composition of the BFS, the amounts of conditioning agents were
reduced as much as possible to ensure full utilization of the waste heat of BFS and improve
the value-added nature of the BFS. The experimental scheme is shown in Table II. R (R =
= 1/M,) is defined as the mass ratio of the main basic oxides to the main acidic oxides in the
BFS. This parameter is used to measure the chemical durability and stability of the BFS. The
relation between R and M, is given by Eq. (1):

— wCaO"'a)MgO _ 1 (1)

R PR
5i0, + W0, My

where R is the basicity of the BFS and defined as the mass ratio of the main basic oxides and
acidic oxides in the slag; M, is the acidity of the BFS; w is the mass fraction of the oxides in
the BFS.
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TABLE II. Experimental scheme (mggg = 100 g)

Group Mass of conditioning Variable Content, %

agent, g CaO MgO SiO, Al,O4
1 - BFS 36.25 8.64 33.53 15.82
2 4.46 CaO R=1.0 41.25 8.75 33.97 16.03
3 9.40 CaO R=1.1 44.05 8.34 32.35 15.26
4 14.33 CaO R=12 46.59 7.96 30.88 14.57
5 4.52 Si0, M=1.2 36.71 8.75 38.53 16.02
6 9.01 SiO, M =13 35.11 8.37 41.20 15.32
7 13.50 SiO, M,=14 33.65 8.02 43.65 14.68
8 1.51 MgO w(MgO) =10 % 35.71 10.00  33.03 15.58
9 2.65 MgO w(MgO)=11% 35.31 11.00  32.66 15.41
10 1.42 Al,04 w(AlLO3)=17%  35.74 8.52 33.06 17.00
11 2.66 Al,O4 w(Al,03)=18% 3531 8.42 32.66 18.00

As shown in Table II, the experimental scheme explores the influence of the composition
of the BFS on mineral crystallization and the crystallization temperature in the granulation
process in BFS by gas quenching using the FactSage 7.1 program. The influence of basicity,
acidity, MgO content and Al,O; content on mineral crystallization of BFS was explored.
Groups 14 explore the influence of the basicity of the BFS; groups 5-7 explore the influence
of the acidity of the BFS; groups 8-9 explore the influence of the MgO content of the BFS;
groups 10-11 explore the influence of the Al,O3 content in the BFS. The basis of calculation
is 100 g of BFS using the FactSage program.

Thermodynamic simulation

Thermodynamic simulations were performed using FactSage 7.1.1%11 According to the
composition of the BFS, the Foxide database was selected in the thermodynamic simulation.
The Equilib module calculated the equilibrium state of the BFS at different temperatures, and
the Phase Diagram module was used to simulate the mineral crystallization of the BFS to exp-
lain the mechanisms of mineral phase formation. All calculations were realized under a cons-
tant pressure of 1 atm. The temperature ranged from 1273 to 2073 K at 25-K increments.

Experimental methods

Remelting experiments. Remelting experiments were performed with high-temperature
directional solidification cooling equipment (SK16-BYL); a silicon—molybdenum rod was
used to heat and the maximum operation temperature was 1800 °C. The samples were cooled
by circulating cooling water to maintain the minerals phases at the experimental temperature.
Finally, the effect law of the BFS composition on minerals phases was investigated. The
samples were dried for 6 h at 383 K in an air-drying oven. The temperature control program
was set as follows: the heating rate was set at 25 K min! and lasted for 63 min, raising the
temperature from 298 to 1873 K during the heating period. In the constant-temperature period,
the temperature remained at 1873 K for 60 min to remelt the samples completely. In the cool-
ing period, the cooling rate was set to —1 K min'! from 1873 to 1623 K. In the second cons-
tant-temperature period, the furnace was held at 1623 K for 120 min to guarantee thermo-
dynamic equilibrium. Finally, the samples were immersed in water to quench and preserve the
mineral phases at the target temperature.
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XRD Analysis

X-Ray diffraction (XRD) analysis was performed on powder samples (ground by a
ZHM-1-P03061808). The XRD spectra were collected at 298 K using an X-ray diffractometer
equipped with CuK,, radiation (4 = 0.15405 nm). The voltage and current were 40.0 kV and
100.0 mA, respectively. All diffraction profiles were obtained in the continuous mode in the
2@range from 10 to 80° at a scan speed of 2° min™!,

SEM Analysis
The morphology of the samples was assessed by scanning electron microscopy (SEM)

on a field-emission scanning electron microscope (S-4800, Hitachi). The SEM images were
taken at a magnification of 2000x.

RESULTS AND DISCUSSION

The main components of BFS are SiO,, CaO, Al,O3 and MgO, according to
Table 1. Due to the limitation of the computing power and the software database,
only the influence of the four main oxides on the BFS phase was considered in
the simulation calculations. The phase diagram module of the thermodynamic
software FactSage 7.1 was used to construct Fig. 1.

As shown in Fig. 1, the area of the BFS in the phase diagram was determined
according to the BFS composition. Melilite, anorthite, and spinel phases were
generated during the crystallization process.

7TIK
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1523
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Fig. 1. Phase diagram of Si0,~Al,03-CaO-MgO (wpgo = 8.64 mass %) obtained using
FactSage 7.1.

The crystallization temperature and the type, and amount of the minerals
formed at various temperatures were simulated and calculated using the Equilib
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module of FactSage 7.1. The basicity, acidity, and MgO and Al,O3 contents,
were adjusted in order to estimate the mineral crystallization and crystallization
temperature in the samples during the cooling process.

Influence of basicity on mineral crystallization

As shown in Fig. 2, melilite crystallized first at 1698.3 K while spinel and
anorthite gradually crystallized with decreasing temperature. The initial crystal-
lization temperature of the BFS increased from 1698.3 to 1892 K as the basicity
was increased. The initial crystalline phase of the BFS was changed from melilite
minerals to a-CS when the basicity was increased to 1.1.

SLAGA
Mel A

CaAlSi,0; Ca,MgSi,0,
SPINA r\
1273 1373 1473 1573 1673 1773 1873 1273 1373 1473 1573 1673 1773 1873
T/K T/K
(@) (b)
sl SLAGA -
80 - 80|
70 - 70t
Mel A
60 60 Ca;MgSi,0,
o
D 5ot & 50
H] S
S s L Mel_A
= Ca,MgSi,0, 249 =
30F 30}
20 - 20}
10 - 10+ bGS
SPINA 2GS
o [ N
1273 1373 1473 1573 1673 1773 1873 1273 1373 1473 1573 1673 1773 1873 1973 2073
T/K T/K

(c) d)

Fig. 2. Mineral crystallization diagrams of the BFS with different basicity: a) 0.91; b) 1.0; c)
1.1; d) 1.2. SLAGA stands for the liquid content of the BFS, SPINA for spinel, Mel A for
melilite minerals, CaAl,Si,Og for anorthite, CazMgSi,Og for manganolite and a-C,S and

S-C,S for dicalcium silicate).

Due to the instability of a-C;S, manganolite was then formed by the combin-
ation of a-C,S and Mg2*, which resulted in the disappearance of a-C»S and the
increase of manganolite with decreasing temperature. Increasing the basicity res-
trained the crystallization of melilite and anorthite, and promoted the crystal-
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lization of manganolite and a-C;S. In summary, increasing the BFS basicity
raised the initial crystallization temperature and changed the initial crystalline
phase of the BFS. The large amount of the mineral phase was not conducive to
the production of amorphous BFS beads. In order to understand further the
effects of basicity on the mineral phase, a phase diagram of BFS was drawn with
FactSage 7.1 and is shown in Fig. 3.
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Fig. 3. Phase diagram of the BFS of different basicity. Point A represents the composition of
the BFS with a basicity of 0.91 and B represents the composition of the BFS
with a basicity of 1.2.

As shown in Fig. 3, the basicity at point A was 0.91 and the basicity at point
B was 1.2. The change in the BFS composition from point A to point B was det-
ermined by quenching and tempering the samples. The composition of the min-
eral phase of the samples was changed from an initial crystalline phase of meli-
lite to manganolite and a-C5S. From the temperature strip on the right, it could be
see that the isotherm of point A was lower than that of point B. Therefore, the
crystallization temperature of the solid phase increased as the basicity increased
from 0.91 to 1.2. When the basicity of the BFS increased to 1.0, free Ca2™ com-
bined with the anorthite forming melilite; the Ca?" also combined with aker-
manite, thereby promoting the emergence of manganolite. When the basicity was
increased further to 1.1, there was more free Ca2* in the BFS, which formed the
a-C5S phase with Si2* at high temperatures and raised the initial crystallization
temperature. As shown in Figs. 2 and 3, the initial crystallization temperature
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increased and was controlled by the precipitation of melilite, when the basicity
increased from 0.91 to 1.0. The initial crystallization temperature increased again
when the basicity was increased from 1.1 to 1.2, which was determined by
a-C3S. This means that increasing the basicity led to a higher crystallization
temperature in the BFS.

Influence of acidity on mineral crystallization

It could be seen from Fig. 4 that melilite crystallized first at 1698.3 K, and
spinel and anorthite gradually crystallized with decreasing temperature. The crys-
tallization temperature of the BFS decreased from 1698.3 to 1581.4 K with inc-
reasing acidity.

Mel_A

Q50+

CaAl,Si,0,

CaAl,Si,0

ASBINA

SPINA

1273 1373 1473 1573 1673 1773 1873 1373 1473 1573 1673 1763 1873
T/K T/K
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o sttt WOLLA o S22
1273 1373 1473 1573 1673 1773 1273 1373 1473 1573 1673 1773
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Fig. 4. Mineral crystallization diagram of the BFS with different acidity (basicity): a) 1.1;

b) 1.2; ¢) 1.3; d) 1.4). SLAGA stands for liquid BFS, Mel_A for melilite minerals, SPINA for
spinel, CaAl,Si,Og for anorthite, cPyrA#1 for pyroxene minerals and WOLLA for
wollastonite minerals.

Pyroxene minerals and wollastonite minerals crystallized and spinel disap-
peared when the acidity was increased to 1.3. Increasing the acidity retained the
crystallization of melilite minerals and anorthite, and promoted the crystallization
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of pyroxenes and wollastonite minerals. In summary, increasing the acidity
caused the initial crystallization temperature to decrease and the degree of crys-
tallization to be reduced, which is conducive to the production of amorphous
BEFS beads. Increasing the amorphous content raises the activity of the BFS beads
allowing them to be widely used in the field of building materials and improving
the value-added nature of the BFS byproduct. In order to understand further the
effects of acidity on the formation of mineral phases, the phase diagram of the
BFS was drawn with FactSage 7.1 and is shown in Fig. 5.
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Fig. 5. Phase diagram of BFS of different acidity. A represents the composition of the BFS
with an acidity of 1.1 and B represents the composition of the BFS with an acidity of 1.4.

As shown in Fig. 5, the acidity at point A was 1.1 and the acidity at point B
was 1.4. The change in the BFS composition from point A to point B was det-
ermined by quenching and tempering the samples. The mineral phases of the
samples changed from the initial crystalline phase of akermanite to anorthite.
From the temperature strip on the right, it could be see that the isotherm of point
A was higher than that of point B. Therefore, the crystallization temperature dec-
reased as the acidity increased from 1.1 to 1.4. Increasing the SiO, content
caused the melilite to release Ca?*, which led to a decrease in the content of
melilite minerals and an increase in anorthite. As shown in Figs. 4 and 5, the
crystallization temperature was determined by melilite and the conversion of the
acid oxides, SiOp and Al;Oj3, into crystals required more energy, which res-
trained the crystallization of the BFS.!2 On the other hand, the CaO and MgO
contents were relatively decreased, but not enough to provide conditions for crys-
tal formation. Therefore, from the crystallization temperature, it is known that
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increasing the BFS acidity decreased the initial crystallization temperature and
reduced the amount of mineral phases, even to the point of having no crystal-
lization of the mineral phases at the gas quenching temperature.

Influence of MgO content on mineral crystallization

Fig. 6 shows that the crystallized minerals were melilite, spinel, and anor-
thite after the addition of the conditioning agent MgO. The crystallization tem-
perature of the BFS decreased slightly and the initial crystalline phase changed
from melilite to spinel with increasing amounts of MgO. In summary, the crys-
tallization amount of the melilite phase was almost unchanged and increasing the
MgO content promoted the crystallization of spinel and restrained the crystal-
lization of the anorthite phase. In order to understand further the effects of the
MgO content on the mineral phases, the phase diagram for the BFS was drawn
with FactSage 7.1 and shown in Fig. 7.

20

10 -

0 [ZTARSKS) A 0
1273 1373 1473 1573 1673 1773 1873 1273 1373 1473 1573 1673 1773 1873
T/K T/K

@ (b)
Fig. 6. Mineral crystallization diagram of BFS with varying contents of MgO: a) 10;
b) 11 %. SLAGA stands for liquid BFS, Mel_A for melilite minerals, SPINA for spinel
and CaAl,Si,0Og for anorthite.

SPINA CaAl,Si,0,

As shown in Fig. 7, the MgO content at point A was 8.64 mass % and at
point B was 11 mass %. The change in the BFS composition from point A to
point B was determined by quenching and tempering the samples. The samples
were in the initial crystallization field melilite, and the main crystalline phases of
the samples were melilite, spinel and anorthite. From the temperature strip on the
right, it could be seen that the isotherm of point A is slightly higher than that of
point B. Therefore, the initial crystallization temperature of the solid phase dec-
reased as the MgO content increased from 8.64 to 11 mass %. Increasing the
MgO content shifted the sample away from the initial crystallization field of
melilite to spinel, which led to a decrease in the amount of the melilite phase,
promoted the crystallization of the spinel phase and decreased the crystallization
temperature. As shown in Figs. 6 and 7, the crystallization temperature of the
BFS was determined by the crystallization of melilite when the MgO content was
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increased from 8.64 to 10 mass %. The crystallization temperature of the BFS
was determined by the crystallization of spinel when the MgO content was inc-
reased to 11 mass %. Adjusting the MgO content showed little change in the
amount of crystalline phases in the BFS, thereby rendering this parameter
ineffective for the preparation of amorphous BFS beads.

7K
I 2075

! ’i 1773
= & 1523
1273
1023
773

523

A LY

Mass fracvtrion(vCaO)“

Fig. 7. Phase diagram of the BFS with varying contents of MgO (A and B represent the
compositions of the BFS with 8.64 and 11 mass % MgO, respectively).

Influence of Al,O3 content on mineral crystallization

After addition of the conditioning agent Al,Os3, the crystallized minerals
were melilite, spinel, and anorthite, as shown in Fig. 8. With increasing Al,O3
content, the initial crystalline phases were melilite minerals, and the initial crys-
tallization temperature of the BFS was only slightly increased from 1698.3 to
1710.1 K, according to the calculation of Equilib module. In summary, inc-
reasing the AlpO3 content restrained the crystallization of the melilite phase and
promoted the crystallization of spinel and anorthite. In order to understand
further the effects of the Al;O3 content on the mineral phases, the phase diagram
of the BFS was drawn with FactSage 7.1, and shown in Fig. 9.

As could be seen in Fig. 9, the Al,O3 content at point A was 15.82 mass %
and at point B, it was 18 mass %. The change in the BFS composition from point
A to point B was determined by quenching and tempering the samples.
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Cahl,Si0, CaAl,Si,0,

1273 1373 1473 1573 1673 1773 1873 1273 1373 1473 1573 1673 1773 1873
T/K T/K

(a) (b)

Fig. 8. Mineral crystallization diagram of BFS with varying Al,O5 contents: a) 17; b) 18 %.
SLAGA stands for liquid BFS, Mel A for melilite minerals, SPINA for spinel,
CaAl,Si,0g for anorthite.
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Fig. 9. Phase diagram of the BFS with varying Al,O5 contents (A and B represent the
compositions of the BFS with 15.82 and 18 mass % MgO, respectively).

The samples were initially in the crystallization field of melilite to spinel,
which is conducive for the crystallization of spinel. The main phases of the
samples were melilite, spinel, and anorthite with different Al,O3 content. As the
Al»O3 content increased from 15.82 to 18 mass %, the isotherm of point A was
found to be slightly lower than that of point B from the temperature strip on the
right. Therefore, the initial crystallization temperature of the solid phase inc-
reased as the Al,O3 content increased from 15.82 to 18 mass %. By increasing
the Al,O3 content, a large amount of melilite phase and a small amount of spinel
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phase would crystallize; therefore, it was not conducive to the preparation of
amorphous BFS beads.

XRD and SEM results

The amount of mineral crystallization should be decreased as much as pos-
sible in order to obtain a high activity amorphous BFS beads, which could result
in a high value-added utilization of BFS.!13-15 Increasing the BFS acidity effect-
ively reduces the crystallization temperature of the BFS. This was especially true
when the acidity was increased to 1.3, leading to an initial crystallization tempe-
rature lower than 1623 K, which satisfies the requirements for the preparation of
amorphous BFS beads. Slag remelting experiments were performed with differ-
ent acidities and the samples were analyzed by XRD and SEM to verify the sim-
ulation results of the thermodynamic software FactSage 7.1.

As shown in Figs. 10 and 11, the XRD patterns for sample My = 1.1 exhi-
bited akermanite, gehlenite, and spinel, and the SEM micrograph of the sample
clearly showed the original crystalline phase of the sample with the size of crys-
talline phase ranging from 0.3 to 2.8 mm. The XRD patterns and SEM micro-
graphs show that sample My = 1.1 had large amounts of crystalline akermanite,
gehlenite, and spinel phases.

A —Akermanite
% —Gehlenite
® -SPINA

WWWMM N
- Aovstddnbisd .
HWWMWW“ L Ml

1 " 1 L 1 " 1 " 1 . 1 " J
) 20 30 40 50 60 70 80
20/°
Fig. 10. X-Ray diffraction patterns of BFS samples of different acidity, M, (phases detected:
A - akermanite; % - gehlenite and e - spinel).

The XRD patterns for sample My = 1.2 showed the same types of crystalline
phase as those present in the My = 1.1 sample. However, the SEM micrographs
showed that the crystallization field became smaller with the size of the crys-
talline phase ranging from 0.02 to 0.08 mm. The XRD patterns and SEM micro-
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graphs showed that the amount of crystalline phase of sample My = 1.2 decreased
and the size of the crystalline phase became smaller. When the acidity of the
sample was increased to 1.3, the XRD patterns showed weak diffraction peaks
for akermanite, while the SEM micrographs barely revealed any crystalline
phase. When the acidity of the samples was increased to 1.4, the XRD patterns of
the samples were broad and basically devoid of peaks, indicating that they were
in the amorphous state. The SEM micrographs did not evidence any crystalline
phase, showing instead a smooth and uniform surface. The XRD patterns and SEM
micrographs reveal that the amounts of the crystalline phases decreased and then
disappeared when increasing the acidity. Thus, the simulation results, from the
thermodynamic software FactSage 7.1 were verified by the XRD and SEM results.

5-4800 20.0kV 13.6mm x2.00k SE(M) N 5-4800 20.0kV 14.2mm x2.00K SE(M)

Fig. 11. SEM micrographs of BFS samples of different acidity, M
(M ranging from 1.1 to 1.4).

CONCLUSION

The following can be concluded from this study on the influence of basicity,
acidity, MgO content, and AlyO3 content on the crystallization of BFS. With the
increasing basicity, the crystallization temperature increased and the degree of
crystallization increased at the gas quenching temperature, which was not con-
ducive to producing amorphous BFS beads. Increasing the MgO and Al,O3 con-
tents had little effect on the crystallization temperature or the amount of crystal-
lization, which did not aid in the production of amorphous BFS beads. Fortun-
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ately, the crystallization temperature significantly decreased with increasing acid-
ity from 1.1 to 1.4. Additionally, the BFS was amorphous at the gas quenching
temperature with no mineral crystallization when the acidity was higher than 1.3,
which is conducive to the production of amorphous BFS beads.
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U3BOJ
[MTPOYYABAE KPUCTAJIU3AITUJE MUHEPAJIA ITPU TPAHYJIALIUJU TACOM
HIJBAKE BUCOKHUX TTERU

KANG YUE1, LIU CHAO', ZHANG YUZHU"? XING HONGWEI?, LONG YUE® u JJANG MAOFA'

'School of Metallurgy, Northeastern University, 110819, Shenyang , China, “College of Metallurgy and
Energy, North China University of Science and Technology, 063009, Tangshan , China

[Tpouec rpanynauuje uubake Bucoke mehu (BSF, omHocHo IIBIT) &p3um xmahemem
racom omoryhasa eduxacHo uckopuumheme ornagse tomwiore IIBIT u nosehawme BpenHocTH
cnopepHux npopykara IIIBII. Ca cHmwkemem Temnepartype, IIIBII kpucTanuiie y MeIWIHT,
aHOPTHUT, CIHUHeN, UTh. Kpucranusauyja oBUX MHUHepana, MehyTUM, He Toropyje modujamwy
amopdHux IIBIT rpaHyna. Y 0BOM HCTPa)XKUBaWy je MpUMemeHa TEPMOAWHAMHUYKA CHMYJIa-
I¥ja ¥ eKCIIepUMeHTH MOHOBHOT TOIUbEHA Ija OU Ce WCIUTA0 YTHIIaj Da3HOCTH, KHUCEIOCTH U
cagpxkaja MgO u Al,03 y IIIBIT Ha kpuctanusauujy. Kpucranusanuja Tokom dp3or xnahema
racoM Ce MO’Ke CIpe4YuTH KOHTpornom cactasa IIIBII. PesynraTu nokasyjy ma nosehame das3-
Hoctu IIIBIT foBomu [0 pamupgHOr MOBHIIEHA TEMIEPATYpe KpPUCTaaU3alvje, a OJUrpaBame
KpHUCTa/lv3alldje Ha BUIIUM TeMIlepaTypama HHUje morogHo 3a ¢opmupame amopdue dase.
IMosehamwe xucenoctu HUIBIT Moxe 3HaYajHO ja CHU3W TeMIlepaTypy KpUCTalu3aluje; Kajaa je
kucenoct nosehana no 1,3, amopdHe rpanyne IIBII cy modujeHe Ha Temmepatypu Opsor
xnahemwa racom (1623 K). Haxo je nosehame cagpxaja MgO u Al,O3 y IIIBII umano manu
yTULIaj Ha TeMIlepaTypy KpHUCTaiau3alldje W NMpUHOC, Jodujawme amopdHUX rpaHyna IIIBII
Op3um xmahermeM racom ce MOXKe Peaiu30BaTH mojelraBameM kucemoctu [IBIT.

(ITpumsmeno 12. nenembdpa 2017, peBunupano 22. Maja, mpuxsaheno 31. maja 2018)
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