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INVESTIGATION ON IMPROVING THE CASTABILITY OF LOW CARBON AI-KILLED STEEL
WITHOUT CALCIUM TREATMENT

During the “BOF-LF-CC” process of producing low carbon Al-killed (LCAK) steel, Al in the molten steel will react with MgO
in the ladle refractory or the refining slag to generate MgO-Al,O; inclusions, which have a negative influence on the molten steel’s
castability. To enhance the castability of molten steel, calcium treatment is typically required following LF refining to promote the
transformation of inclusions MgO-Al,0; to CaO-MgO-Al,0; or CaO-Al,O3. However, calcium treatment has many drawbacks,
such as low calcium yield, increased smelting cost, environmental pollution, etc. Thus, how to improve the castability of LCAK
steel without calcium treatment is worth studying. In this research, laboratory studies were first carried out to clarify the source
of MgO-Al,O; inclusions in the molten steel. Thereafter, industrial trials were conducted with the refractory material of the ladle
replaced by a MgO-free and Al,Os-riched refractory. The results show that when a MgO-based crucible is used at 1600°C, the in-
clusions in molten steel after 25 min are mainly MgO-Al,Os, even without refining slag. However, even with the refining slag (the
basicity is less than 4.5) containing about 5% MgO, when an Al,O3-based crucible is employed, the inclusions in the molten steel
are mainly CaO-Al,O5. Consequently, MgO in ladle refractories is the main source for the formation of inclusions MgO-AlL,Os.
The results of industrial trials using the “3 + 1” smelting pattern, in which the molten steel is cast directly without calcium treat-
ment in the first three heats, treated with calcium in the next heat, and the process is repeated, show a significant improvement in
the castability of molten steel.
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1. Introduction [Mg] + 4[0] + 2[Al] = (Mgo ’ Al2o3)lnclusion (2)

There are three main processes for the production of low
carbon Al-killed (LCAK) Steel: “BOF-LF-CC”, “BOF-RH-CC”,
and “BOF-CAS-CC” [1]. Because LF refining has the advan-
tages of strong desulphurization ability and stable controlling
of temperature, the BOF-LF-CC process is adopted to produce
LCAK steel by the vast majority of steel enterprises. For the
BOF-LF-CC process, the refining slag with high basicity and low
oxidizable is usually used to improve the effect of desulfuriza-
tion, deoxidation and inclusion control in the LF refining process
[2-3]. However, due to the high basicity and low oxygen potential
of the refining slag, Eqs. (1)~(3) occur during the refining process
[4-7]. MgOZzAl,05 inclusions generated by Egs. (1)~(3) seriously
deteriorate the castability of the molten steel [8].

3(MgO)Slag/Refractory + 2[A1] = 3[Mg] +
+ (Al203)Slag/Inclusions (1 )

[Mg] + n/3(A1203)Inclusi0n =
= (MgO : (}’l - l)/3A120_’>)Inclusion +2/3 [Al] (3)

Because the contact area between ladle refractory material
and molten steel is obviously larger than that between refining
slag and molten steel, the impact of ladle refractory material on
MgO-Al,O; inclusion generation in molten steel has been getting
attention [9]. Brabie [10] found that MgO in ladle refractory ma-
terials would be reduced by the carbon in the refractory, causing
the content of dissolved [Mg] in molten steel would increase and
the formation of MgO-Al,0O3 inclusion. Chi et al. [11], Liu et
al. [12-13] and Jansson et al. [14] investigated the influence of
MgO-refractory materials on the inclusion formation in molten
steel and achieved comparable experimental results.

Wang et al. [15] studied the mass transfer process among
molten steel, slag, lining refractory and non-metallic inclusions
in the refining process of bearing steel by combining labora-
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tory experiments with numerical simulation and prediction,
and found that refining slag significantly accelerated the mass
transfer of inclusions. Liu et al. [9,12-13] compared the effects
of MgO-containing refining slag and different MgO-based re-
fractory materials on inclusion transformation in steel through
experiments, and the results show that the rates at which MgO
refractories, MgO-C refractories and MgO-containing refining
slag to supply dissolved magnesium to steel are 2.18x107%,
5.0x107,6.3x10~* m/s, respectively. Meanwhile, Liu etal. [13]
also pointed out that while the MgO-containing slag supplies
magnesium at a faster rate than MgO-C and MgO refractory,
the impact of ladle refractory material on MgO-Al,O; inclu-
sion in steel is greater than that of the refining slag when taking
contact area into account. Deng et al. [7,16] studied the effect of
MgO-Al,Oj; refractory materials on inclusions in Al-deoxidized
steel and discovered that the Al,O5 inclusions do not transform in
molten steel due to low MgO activity in Mg-Al refractory materi-
als and the difficulty of being reduced by [Al] in molten steel.
Itoh et al. [4] found through thermodynamic calculation that
MgO-Al,Oj5 inclusions in the molten steel can be transformed
into more stable Al,05-MgO-CaO liquid inclusions when the
steel contains a certain amount of Ca. This finding proves the
feasibility of using calcium treatment to transform MgO-Al,0O;
inclusions into liquid inclusions from a thermodynamic stand-
point. Park et al. [17] indicated that when a CaO-A1,05;-MgO
slag system with high basicity (>6.0), high calcium and high alu-
minum is utilized in the smelting of stainless steel, MgO-Al,05
inclusions in steel will transform to Al,0;-MgO-CaO inclu-
sions. Todoroki et al. [18] also studied the viability of modify-
ing MgO-Al,O5 inclusions using a refining slag system, but
all of the experiments were conducted in the laboratory. Yu
et al. [19] found that increasing the basicity of refining slag
(W(CaO)/w(Si0, =3.5~5.5) for LF refining improves not only the
desulfurization ability, but also the transformation of MgO-Al,0;
inclusions into Al,05-MgO-CaO liquid inclusions.
Nowadays, the conventional method for modifying
MgO-Al,0O5 inclusions in industrial processes is to directly
add calcium alloy to the molten steel. Whereas, the effective-
ness of calcium treatment is limited due to the influence of the
chemical properties of calcium and the composition of molten

steel, and the castability of molten steel after calcium treatment
is unpredictable. In addition, the calcium treatment leads to the
form of new inclusions, increasing the amount of inclusions in
steel and decreasing the cleanliness of molten steel. Moreover,
the calcium treatment raises the cost of production, lowers the
temperature of molten steel and lengthens the refining process.
Meanwhile, the calcium treatment process emits a lot of dust,
which is extremely unfriendly to the environment.

To address the issue of poor castability of LCAK steel
produced by the “BOF-LF-CC” process and abolish the calcium
treatment, a study aimed at improving the castability of LCAK
steel was carried out, which mainly included laboratory studies
focused on the interaction of refining slag and refractory materi-
als with molten steel, as well as industrial trials to validate new
processes. These investigations can provide the theoretical and
experimental basis for improving the castability of the LCAK
steel without calcium treatment.

2. Refining process of LCAK steel and evolutions
of non-metallic inclusions

2.1. Refining of LCAK steel

The smelting process of LCAK steel is “BOF — LF Re-
fining — CC”, and the main operation and refining processes
include: (1) During tapping of the converter, aluminum, fer-
romanganese alloy and lime were added for deoxidation, al-
loying and slag-making; (2) During LF refining, molten steel
was heated in LF refining, and aluminum and lime were added
for slagging, and the basicity of refining slag w(CaO)/w(SiO,)
(C/S) was higher than 14, and the mass ratio of w(CaO) to
w(Al,O5) (C/A) was between 1.0 to 2.0; (3) Basicity of tundish
flux was >2.0 and the mass ratio of w(CaO) to w(Al,O3) was
about 1.2; (4) The ladle was clean without residue in the ladle.
MgO-C refractory (w(MgO)>80%) were used in the slag line of
the ladle, and the other part of the ladle adopted MgO-Al,05-C
bricks (w(Mg0O)=10%). The compositions of refining slag and
molten steel used in the experiments are shown in TABLE 1 and
TABLE 2, respectively.

TABLE 1
Chemical compositions of refining slag (wt.%)
Content (wt.%)

Process Si0, Ca0 | MgO | ALO, | MnO | P,0; T.Fe s s C/A

LF refining beginning 6.10 45.64 4.89 38.03 1.24 0.06 3.61 0.27 14.72 1.09

LF refining ending 1.96 58.12 4.86 30.20 0.24 0.15 1.11 0.84 29.65 1.92

Casting in tundish 13.6 38.51 9.52 31.17 1.09 0.22 1.47 0.14 2.83 1.24
TABLE 2

Compositions of LCAK steel (wt.%)
Process C Si Mn P S Ca Mg Alt Als

LF refining beginning 0.040 0.018 0.163 0.014 0.024 — 0.0004 0.040 0.032

LF refining ending 0.055 0.027 0.287 0.014 0.006 0.0008 0.0007 0.051 0.044

Casting in tundish 0.056 0.025 0.278 0.014 0.005 0.0006 0.0007 0.046 0.043




2.2. Evolution of non-metallic inclusions
in LCAK steel

The samples of steel were taken at the stages of the LF
refining beginning, the LF refining for 30 min, the LF refining
ending, and the casting in tundish, respectively. Thereafter, the
samples were detected by SEM-EDS. The results show that there
are four types of oxide inclusions, that is, Al,O03, MgO-Al,Os,
Ca0-MgO-Al,05 and Ca0-Al,Oj5 inclusions, individually. The
morphology of the inclusions and their proportions in LCAK
steel are shown in Fig. 1 and Fig. 2, respectively.

It can be seen from Fig. 1(a) that the Al,O5 inclusions are
mainly blocky or clustered, and the size of the inclusions is
relatively large, ranging from 5 pm to 20 um. The proportion
of Al,O5 inclusions in the stage of LF refining beginning is
relatively high (as shown in Fig. 2), being more than 90%. This
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is mainly due to the addition of a large amount of aluminum
for deoxidation during the tapping. With continuous refining,
the proportion of Al,O5 inclusions gradually falls to 33% after
30 min of LF refining. Meanwhile, the proportion of MgO-Al,05
inclusions that leap to the main inclusions is close to 50%. The
MgO-Al,Oj5 inclusions range in size from 2 um to 6 pm and are
mainly irregular, as shown in Fig. 1(b). However, at the stage
of LF refining ending, the proportion of MgO-Al,0O; inclu-
sions reduces, but it is still greater than 40%. As a result of the
decrease of oxygen content in molten steel, [Al] in the molten
steel reacts with MgO in the refractory or the refining slag to
generate MgO-Al,Oj5 inclusions [4]. Meanwhile, the proportion
of CaO-MgO-Al,O5 and Ca0O-Al,0; in inclusions are 14% and
17%, separately, with sizes ranging from 2 pm to 6 pm. The
Ca0-MgO-Al,05 inclusions have the same morphology as
Ca0-Al,0O35 inclusions in that they are both spherical or quasi-
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Fig. 1. Morphology of inclusions in molten steel; (a) Al,O;, (b) MgO-Al,03, (c) CaO-MgO-Al,03, (d) CaO-Al,0;
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spherical. But, the morphology of inclusions CaO-Al,0O5 is more
regular, and the edges of CaO-Al,O; inclusions are smoother, as
seen in Figs. 1(c) and 1(d).

It can be seen from Fig. 2 that with the extension of
refining time, the proportion of MgO-Al,O; inclusions re-
mains above 40% at the stage of the casting in tundish. This
is mostly due to the tundish’s refractory still contains MgO,
and hence Al,Oj inclusions in the molten steel will continue to
transform to MgO-Al,O5 inclusions [20]. The proportions of
Ca0-MgO-Al,05 and Ca0-Al,Os5 inclusions increase from 2%
to 15% and 3% to 20%, respectively. The reason for the increase
of CaO-MgO-Al,0O; and CaO-Al,0O;5 inclusions, generally, is
considered that a portion of CaO in the refining slag is reduced
by [Al] in the molten steel to [Ca], and the reaction is shown as
Eq. (4). Further, [Ca] reacts with Al,03, MgO-Al,05, and MgO-
Al,05-Ca0 inclusions, as shown in Egs. (5)~(8). Consequently,
the content of CaO in inclusions increase, and the content of
MgO or Al,O5 in inclusions reduce [6,8,17,21].

2[Al] + 3(Ca0) = 3[Ca] + (ALLO5) (4)

[Ca] + n/3(ALO3)inclusion =
= (CaO ’ (n - 1)/316‘12()3)1'11(:1usi0r1 +2/3 [Al] (5)

x[Ca] + (yMgO'ZAIZOB»)inclusion =
= (xCaO0- (y —x)MgO - zZALO3)inctusion + X[Mg] (6)

[Ca] + (xCaO ‘yMgO — ZA1203)inclusion =
= ((x + DCaO- (y — HYMEO - zALO3)inclusion T [Mg]  (7)

[Ca] + (xCaO - yMgO — Z/3A1203)inclusion =
=((x + DHCaO-yMgO - (z - l)/3A1203)inclusion +
+23[Al] ®)
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Fig. 3 shows the evolution of CaO-MgO-Al,O; inclusions
in the LCAK steel by ternary phase diagram during LF refining.
The region where the melting point of inclusions is lower than
1600°C is marked by a red curve. Fig. 3 indicates that the inclu-
sions are mainly Al,O; generated by deoxidation at the stage of
LF refining beginning (Fig. 3(a)). Al,O5 inclusions transform
into MgO-Al,05 by Egs. (1)~(3) during LF refining (Fig. 3(b)).
After LF refining (Fig. 3(c)), even at the stage of the casting
in tundish (Fig. 3(d)), the inclusions are mainly MgO-Al,O5
and a small amount of CaO-Al,0; or MgO-Al,05-Ca0O. MgO-
Al,O5 inclusions in molten steel without calcium addition can
easily adhere and accumulate at the head of the stopper during
casting, which harms casting and even causes the interruption of
casting [22].

Some enterprises installed ceramic filters in tundish to
reduce the influence of MgO-Al,05 inclusions on the castabil-
ity of molten steel, however, the blockage problem of ceramic
filters has not been adequately overcome after long-term usage
[23]. Moreover, other materials for the immersion nozzle were
also tested, but the results were not ideal [24].

3. The key factors for the formation
of MgO-Al,O; inclusions

According to Eqgs. (1)~(3), the reason for the formation of
MgO-Al,O; inclusions is that MgO in the refractory or refin-
ing slag is reduced by [Al] to [Mg], and the generated [Mg]
further reacts with [O] or Al,O3 inclusions in the molten steel.
To improve the castability of molten steel, further investigations
were carried out to quantitatively figure out the influence of
refractories and refining slag on the formation of MgO-Al,04
inclusions.

"")-émgr_ffy g
20 40 60 80
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Fig. 3. Evolution of CaO-MgO-Al,Oj; inclusions during LF refining; (a) LF refining beginning, (b) LF refining for 30 min, (c) LF refining ending,

(d) Casting in tundish



The experiment was carried out in a vacuum induction
furnace. Under the Ar atmosphere, 500 g LCAK steel was put
into Al,Os3-based (W(Al,O3) >99%) and MgO-based (w(MgO)
>97.5%) crucibles, respectively. Then, the temperature of the
furnace was raised to 1600°C. Aluminum and 50 g fluxes with
different basicities were added to the molten steel to deoxidize
and refine for 25 min. The molten steel was rapidly cooled in
a vacuum furnace. The flux added in the experiments was made
up of 25% Al,03, 5% MgO, and the remaining CaO and SiO,. The
above chemical reagents were analytical pure (>99.99%) [25].

Three sets of group experiments were conducted in MgO-
based crucibles: one with no refining slag, and two with refining
slag basicity of 2.5 and 3.5. Fig. 4 shows the composition of the
inclusions in molten steel refined in MgO-based crucibles by
Al,03-MgO-CaO ternary phase diagram. It can be seen from
Fig. 4(b) and (c) that there are many MgO-Al,O5, as well as
Al,03-MgO-CaO containing a small amount of CaO. In par-
ticular, although no refining slag (Fig. 4(a) ) was added to the
molten steel, MgO-Al,0; inclusions were detected after 25 min
of refining due to the use of MgO-based crucibles.

Besides, three sets of group experiments were carried out in
Al,0O5-based crucibles: one with no refining slag, and two with
refining slag basicity of 4.5 and 8.5. Fig. 5(a) and (b) show that
the inclusions in the molten steel with slag basicity less than 4.5
are primarily CaO-Al,0O; inclusions despite the slag containing
5% MgO. Meanwhile, as depicted in Fig. 5(a), a portion of
inclusions formed without refining slag shows some CaO in
their composition because the Al,0z-based crucibles are not
very pure and may contain the impurity element Ca. As seen in
Fig. 5(c), the addition of ultra-high basicity refining slag causes
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the activity of MgO in the slag to increase, which in turn causes
the formation of MgO-Al,0O; inclusions or Al,03-MgO-CaO
(with w(CaO) <5%) in molten steel.

It can be concluded from the above results that the trans-
formation of Al,O; to MgO-Al,O; in the refining process has
an important relationship with the composition of the ladle
refractory and the basicity of refining slag. Therefore, the use
of Al,Os-based refractories and low basicity refining slag can
effectively inhibit the transformation of Al,05 to MgO-Al,Os.

4. Industrial trials of improving the castability
of LCAK steel

To improve the castability of LCAK steel, the production
process of LCAK steel and ladle refractory has been optimized.

4.1. Composition optimization of ladle refractory

To reduce the influence of ladle refractory composition on
the formation of inclusions in molten steel, the refractory of the
ladle was replaced by MgO-Al,0; with high Al,O; content in this
study. The refractory composition before and after optimization
is shown in TABLE 3.

As shown in TABLE 3, the content of MgO in the ladle
refractory is reduced significantly from 10.06% to 0.96%,
reduced by more than 90%. In addition, considering the corro-
sion of refining slag on the ladle refractory, MgO-C refractory
(W(MgO) >75%) is still used in the slag line of the ladle [26].

20 40
ALO;( w%)

ALO;( w%)

60 80 20 40 60 80
A1203 ( w%)

Fig. 4. Composition distribution of the inclusions in CaO-MgO-Al,O3 system reacting using MgO-based crucibles; (a) Without slag,

(b)R:2.5, (c)R:3.5
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Fig. 5. Composition distribution of the inclusions in CaO-MgO-Al,05 system using Al,O3-based crucibles; (a) Without slag, (b) R:4.5, (¢) R:8.5
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TABLE 3

Comparison of ladle refractory composition before
and after optimization

Type of refractory | SiO, | CaO | MgO | AL,O; | T.Fe C
Before optimization | 2.00 | 1.29 | 14.06 | 82.03 | 0.15 | 0.25
After optimization | 4.51 | 0.68 | 0.96 |91.26| 0.73 | 1.18

4.2. Production process optimization of LCAK steel

To reduce the load of desulphurization during LF refining,
the process of “hot metal predesulphurization-BOF-LF-CC”
was adopted in the industrial trails. The adoption of predesul-
phurization process reduces the sulphur content of molten steel
in the converter from 0.022%~0.027% to 0.005%~0.010%, with
an average reduction of 0.015%. The reduction of the sulphur
content in the molten steel decreases the requirement of refin-
ing slag on the basicity, and the basicity of the refining slag was
controlled to be between 3.5 and 5.5. Other operations are the
same as the conventional process.

4.3. Industrial trials to improve the castability
of LCAK steel

After the above optimization, the formation possibility of
MgO-Al,Oj inclusions in the tundish still exists because the slag
line portion of the ladle and the tundish still use MgO-containing
refractories (the MgO content in the tundish refractories is
about 60%). During the trials, to ensure the feasibility of cast-
ing, a “3 + 1” smelting pattern was adopted, that is, the molten
steel is cast directly without calcium treatment in the first three
heats, treated with calcium in the next heat, and the process
was repeated.

The ladle with Al,O5-based refractory was used for the pro-
duction of LCAK steel. Fig. 6 shows the fluctuation of the molten

steel level and the position of the tundish stopper during casting.
After three furnaces of continuous casting, the position of the
tundish stopper is increased by 10 mm without calcium addi-
tion. However, during the casting of the fourth furnace with
calcium treatment, the position of the tundish stopper is reduced
by 12 mm. It indicates the adherent substances consisting of
MgO-Al,O5 and Al,05-MgO-CaO to the stopper are dissolved
by calcium-treated molten steel. However, the quality test results
of the final steel product show that there is no significant differ-
ence between the cleanliness of the steel smelted in the fourth
heat and that of the steel smelted by the conventional calcium
treatment process. By the “3 + 1’ smelting pattern, the number
of continuous casting furnaces reaches 15 heats.

5. Conclusions

(1) Under the calcium-free treatment process, the evolution
route of inclusions in the molten steel is Al,O; — MgO-
Al,0;3 — CaO-MgO-Al,0;3 — Ca0-Al,05 due to CaO in
the refining slag with high basicity, but the transformation
is not complete. The proportion of MgO-Al,Oj inclusions,
which is the main factor that deteriorates the castability of
molten steel, is still more than 40% after LF refining.

The inclusions in the molten steel are mainly MgO-Al,05
inclusions after reaction for 25 min in a MgO-based cru-
cible, even without refining slag. But the inclusions of the
molten steel in the Al,O3-based crucible are mainly inclu-
sions CaO-Al,Os3, even if the top slag (basicity less than 4.5)
contains about 5% MgO.

To reduce the proportion of inclusions MgO-Al,O3, the
composition of ladle refractory and the basicity of refining
slag are optimized, and the “3 + 1" process mode of LCAK
steel is realized, that is, the molten steel is cast directly
without calcium treatment in the first three furnaces, treated
with calcium in the next furnace, and the process is repeated.
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Fig. 6. Stopper position during continuous casting of LCAK steel

3250 3IN0 IS 3400 SH 3500 3ISS0 40 &

0 N0 G150 &0 425 4300 43S0 G0 deso 4soo lﬁl s80 850



Acknowledgements

This work was financially supported by the National Natural Science
Foundation of China (51974017).

Declarations

Conlflict of interest All authors of this article have no conflict of interest.

REFERENCES

[1] R.Y.Yin, X.H. Wang, Iron and Steel. 40 (10), 1-7 (2005). DOI:
https://doi.org/10.13228/j.boyuan.issn0449-749x.2005.10.001

[2] B. Bulko, J. Kijac, T. Borovsky, Arch. Metall. Mater. 56 (3),
605-609 (2011). DOT: https://doi.org/10.2478/v10172-011-0065-1

[3] L.Socha, K. Michalek, J. Bazan, K. Gryc, P. Machov¢ak, A. Opler,
P. Styrna, Arch. Metall. Mater. 59 (2), 809-813 (2014).
DOI: https://doi.org/10.2478/amm-2014-0138

[4] H.Itoh, M. Hino, S. Ban-ya, Tetsu-to-Hagané 83, 623-628 (1997).
DOI: https://doi.org/10.2355/tetsutohagane1955.83.10_623

[5] M. Jiang, X.H. Wang, W.J. Wang, Steel Res. Int. 81 (9), 759-765
(2017). DOI: https://doi.org/10.1002/srin.201000065

[6] M.Jiang, X.H. Wang, B. Chen, W.J. Wang, ISIJ Int. 50 (1), 95-104
(2010). DOI: https://doi.org/10.2355/isijinternational.50.95

[7] Z.Y. Deng, M.Y. Zhu, D. Sichen, Metall. Mater. Trans. B 47,
3158-3167 (2016).
DOI: https://doi.org/10.1007/s11663-016-0746-2

[8] S.F. Yang, J.S. Li, Z.F. Wang, J. Li, L. Lin, Int. J. Miner. Metall.
Mater. 18, 18-23 (2011).
DOI: https://doi.org/10.1007/512613-011-0394-0

[9] C.Y. Liu, F.X. Huang, X.H. Wang, Metall. Mater.Trans. B 47,
999-1009 (2016).
DOI: https://doi.org/10.1007/s11663-016-0592-2

[10] V. Brabie, ISIJ Int. 36, S109-S112 (1996).
DOIL: https://doi.org/10.2355/isijinternational.36.Suppl_S109.

[11] Y.G.Chi, Z.Y. Deng, M.Y. Zhu, Steel Res. Int. 88, 1600470 (2017).
DOI: https://doi.org/10.1002/srin.201600470

241

[12] C.Y.Liu, M. Yagi, X. Gao, S.J. Kim, F.X. Huang, S. Ueda, S.Y. Ki-
tamura, Metall. Mater. Trans. B 49, 2298-2307 (2018).

DOT: https://doi.org/10.1007/s11663-018-1301-0

[13] C.Y. Liu, X. Gao, S.J. Kim, S. Ueda, S.Y. Kitamura, ISIJ Int. 58,
488-495 (2018).

DOIL: https://doi.org/10.2355/isijinternational.isijint-2017-593

[14] S. Jansson, V. Brabie, P. Jonsson, ISIJ Int. 48, 760-767 (2008).
DOI: https://doi.org/10.2355/isijinternational.48.760

[15] J.J. Wang, L.F. Zhang, G. Cheng, Q. Ren, Y. Ren, Int. J. Miner.
Metall. Mater. 28, 1298-1308 (2021).

DOTI: https://doi.org/10.1007/s12613-021-2304-4

[16] Z.Y.Deng,M.Y.Zhu, ISIJ Int. 53, 450-458 (2013).
DOI: https://doi.org/10.2355/isijinternational.53.450

[17] J.H. Park, D.S. Kim, Metall. Mater. Trans. B 36, 495-502 (2005).
DOTI: https://doi.org/10.1007/s11663-005-0041-0

[18] H. Todoroki, K. Mizuno, ISIJ Int. 44 (8), 1350-1357 (2004).
DOI: https://doi.org/10.2355/isijinternational .44.1350

[19] H.X. Yu, G.Y. Qiu, J.M. Zhang, X.H. Wang, ISIJ Int. 61 (12),
2882-2888 (2021).

DOIL: https://doi.org/10.2355/isijinternational.isijint-2021-184

[20] A. Alhussein, W. Yang, L.F. Zhang, Ironmak. Steelmak. 47,
424-431 (2020).

DOT: https://doi.org/10.1080/03019233.2018.1538181

[21] Z.Y.Deng, Z.H.Liu, M.Y. Zhu, L.Q. Huo, ISIJ Int. 61, 1-15 (2021).
DOI: https://doi.org/10.2355/isijinternational.isijint-2020-352

[22] L.M. Cheng, L.F. Zhang, Y. Ren, W. Yang, Metall, Mater. Trans,
B 52, 1186-1193 (2021).

DOT: https://doi.org/10.1007/s11663-021-02110-z

[23] W.W. Zhang, W. Zheng, W. Yan, G.Q. Li, J. Iron Steel Res. Int.
30, 1743-1754 (2023).

DOI: https:/doi.org/10.1007/542243-022-00889-y.

[24] F.X. Huang, L.F. Zhang,Y. Zhang, Y. Ren, Metall. Mater. Trans.
B 48, 2195-2206 (2017).
DOTI:https://doi.org/10.1007/311663-017-0996-7

[25] F.B. Gao, FM. Wang, M. Jiang, J.L. Li, X. Zhang, Metals 13, 866
(2023). DOT: https://doi.org/10.3390/met13050866

[26] Q.Wang, C. Liu, L.P. Pan, Z. He, G.Q. Li, Q. Wang, Metall. Mater.
Trans. B 53, 1617-1630 (2022).

DOIL: https://doi.org/10.1007/s11663-022-02471-z


https://doi.org/10.2355/tetsutohagane1955.83.10_623
https://doi.org/10.1007/s11663-018-1301-0
https://doi.org/10.2355/isijinternational.ISIJINT-2017-593
https://doi.org/10.1007/s12613-021-2304-4
https://doi.org/10.1080/03019233.2018.1538181
https://doi.org/10.1007/s11663-021-02110-z
https://doi.org/10.1007/s42243-022-00889-y
https://doi.org/10.1007/s11663-022-02471-z.

	T. Radoykova￼1*, A. Surleva￼1, D. Ilieva￼1, L. Angelova￼1
	Testing of Geopolymer Raw Materials: Validation of Methods and Practical Aspects

	M.S. Abdul Aziz￼1, M.S. Rusdi￼1*, M.S. Zubir1, Z. Embong￼2, M. Nabiałek￼3
	The Influence of Gold Wire Quantity on the Encapsulation 
of Light-Emitting Diodes

	B. Viswanadhapalli￼1, V.K Bupesh Raja￼1*, K. Chaitanya￼2, S. Kannan￼3 
	Formability Studies on Magnesium Based AZ31B Alloy Sheet in LS Dyna Program Code 

	N.B. Mustapa￼1, R. Ahmad￼1,2*, M.M. Al Bakri Abdullah￼2,3, 
W.M. Wan Ibrahim￼1,2, M.A.O. Mydin￼4, A.V. Sandu￼5
	The Effects of Thermal Evolution During Sintering Mechanism 
of Geopolymer-based Ceramics

	S. Ahmad￼1, M.F. Omar￼1,2*, E.M. Mahdi￼3, K.A.A. Halim￼1,2, S.Z. Abd Rahim￼2, H. Md Akil￼4, 
N. Nosbi￼5, N. Yudasari￼6, M.H. Hassan￼7, S.S. Md Saleh￼1,2, M.B.H. Othman8
	Molecular Interactions Between Polyurethane and UiO-66 in Polymer-MOF Nanocomposites: 
Microstructural and Mechanical Effects

	R.L.L. Rizalmen￼1, R. Alrozi￼1,2, N.A. Zubir￼1,2*
	Bicarbonate-Activated Hydrogen Peroxide in Presence of CaCo0.5Fe0.5O3 Perovskite 
for Highly Efficient Carbamazepine Degradation

	R. Alrozi￼1,2, N.A. Zubir￼1,2,3*, N.F.A. Bakar￼4, J. Motuzas￼5, N.H.H.A. Bakar￼6, D.K. Wang￼7
	Oxidative Degradation Kinetics of Recalcitrant Macro and Micropollutants 
Using CaMFeO3 (M = Cu, Mo, Co) Perovskite Catalyst

	M. Joshi￼1*
	Assessing Cost-Effective Materials for Multi-Functional Crutches: 
an Integrated MCDM Framework

	F. Gao￼1,2, F. Wang￼1*, L. Yan￼2, X. Zhang￼2,3, X. Wang￼1,2
	Investigation on Improving the Castability of Low Carbon Al-Killed Steel 
without Calcium Treatment

	D. Wang￼1, Q. Pang￼1*, W. Li￼1, L. Du￼2, G. Lu￼1, J. Shi￼1
	Study on the Influence of Element Partitioning on the Cryogenic Toughness 
of Intercritical Quenched 9Ni Steel

	M.F.H. Sabahaudin￼1, A.A. Kadir￼1,2,3*, A. Detho￼1, M.I.H. Hassan￼4, 
N.N.H. Hashar￼1, N.F.N. Hissham￼1
	Utilization of Sludge from Water Treatment Plant as Fired Clay Brick

	Z.-S. Nong￼1#, D.-Y. Zhang￼2#*, Y. Yu￼1
	Effect of Laser Quenching on Surface Microstructures of TA15 Titanium Alloy

	Y. Liu￼1, Y. Zhao￼1, J. Guan￼1*, Y. Yang￼2**, J. Zhu￼1
	TIG Welding Crack Sensibility Analysis of Co-Based Superalloys

	V.S.S.H. Vardhan￼1, A. Sharma￼1*
	Mechanical Properties and Tribological Behavior of Grain Refined WE43 Magnesium Alloy

	V. Pernica￼1*, A. Záděra￼1, V. Kaňa￼1, V. Krutiš￼1
	Macrosegregation of Carbon in Heavy Steel Casting

	D. Gurišić￼1,2, D. Minić￼1, S. Samaržija-Jovanović￼2, A. Djordjevic￼1, 
U. Stamenković￼3, M. Premović￼1*, M. Sokić￼4
	Thermodynamic and Kinetic Analysis of Cobaltite Oxidation Process


