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Abstract
The non-oriented Fe-6.5wt.%Si alloy cast strip with a width of 100 mm and a thickness of 1.7 mm was
prepared by the top side-pouring twin-roll casting (TSTRC) process. The surface quality of the air-cooled
and water-cooled cast strip was good. Compared with the Fe-6.5wt.%Si alloy ingot, the Fe-6.5wt.%Si alloy
cast strip has a relatively �ne solidi�cation structure and exhibits certain plasticity at room temperature.
Microhardness, XRD, and TEM investigated the ordered structure and degree of Fe-6.5wt.%Si alloys
prepared by three different cooling methods. The results show that the Fe-6.5wt.%Si alloy ingot prepared
by the standard method has many B2 ordered phases and DO3 ordered phases, and the order degree is
high. The Fe-6.5wt.%Si alloy cast strip prepared by the TSTRC process has a low degree of order and only
contains a small B2 ordered phase. The faster cooling rate effectively inhibits the formation of the DO3

ordered phase and B2 ordered phase. The growth of the ordered phase also reduces the reverse domain
boundary energy, reduces the motion resistance of superdislocations, and increases its mobility, thereby
improving the room temperature plasticity of Fe-6.5wt.%Si alloy cast strips.

1. Introduction
Fe-6.5wt.%Si alloy is an excellent soft magnetic material with high permeability, low coercivity, and near-
zero magnetostrictive properties [1-3]. It is an essential magnetic material in the power and
telecommunication industries. However, when the mass fraction of Si reaches 6.5%, ordered phases of B2
(FeSi) and DO3 (Fe3Si) appear in the Fe-6.5 wt.% Si alloy, leading to a dramatic increase in material
brittleness and hardness. Due to the limited formability and ductility of the material, it is di�cult to roll it
into thin sheets using conventional rolling methods. The low-cost batch preparation of Fe-6.5wt.%Si alloy
sheet cannot be realized under the existing production conditions of the steel mill, which seriously limits
its large-scale application and thus affects its wide application [4-6].

In order to avoid the brittle processing range of Fe-6.5wt.%Si alloy to prepare alloy sheet, new preparation
techniques have been attempted to prepare Fe-6.5wt.%Si alloy sheets, such as powder rolling process [7,
8], chemical vapor deposition (CVD) [9-11], rapid solidi�cation [12, 13], directional solidi�cation [14-16],
and twin-roll strip casting [17]. Yuan et al. [8] used atomized Fe powder and Si powder as raw materials
and used powder rolling technology to obtain a powder strip with a width of 65 mm and a thickness of
0.39 mm to 0.44 mm, and then through sintering and rolling obtained 0.3 mm thick sheet. However, the
direct powder rolling method has disadvantages such as easy oxidation of raw material particles,
di�culty in mixing the particles uniformly, poor density after sintering, and di�culty in controlling the
shape of the plate. At present, the CVD method developed by Japan's NKK Company (now JFE Company)
can produce Fe-6.5wt.%Si alloy sheets of 0.1~0.5 mm×400 mm, but there are still long process time, large
environmental burden, low productivity and high cost. The problem is that this method has not been
generally accepted by the steel industry. Raviprasad [18] found that rapid solidi�cation completely
inhibited the formation of DO3 ordered phase in Fe-6.5wt.%Si alloys. Although it did not completely inhibit
the formation of B2 ordered phase, the ordered domains of B2 ordered phase were small. Arail et al. [12,
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13] successfully prepared amorphous ribbons with various thickness and width speci�cations, smooth
surface, and �at plate shape by rapid solidi�cation process, and successfully prepared 20-150 µm thick,
various speci�cations of Fe-6.5wt.%Si alloy thin strips ranging from 2-25 mm in width and 5~10 m in
length. However, the amorphous ribbon prepared by this process is severely limited in product size and
speci�cation. It cannot be used to make iron cores for large electrical equipment, so this technology's
development potential and product application prospects are limited. Xie et al. [14-16] prepared high-
silicon steel ingots with columnar crystals by directional solidi�cation technology. They integrated
various methods such as composition optimization control, grain boundary morphology control,
organization orientation control, deformation softening, and heat treatment plasticization. By adjusting
and controlling, a new process of warm-cold rolling and high-e�ciency forming of high-silicon electrical
steel strips is realized, and Fe-6.5wt.%Si alloy strips with a thickness of 0.2 mm are prepared. However,
this method has not been realized in industrialized production. The Wang Guodong team used the twin-
roll cast strip continuous casting technology to obtain 2.5 mm cast strips directly from liquid high silicon
steel. After hot rolling, warm rolling, and cold rolling, the Fe-6.5wt.%Si alloy cast strip was successfully
prepared with different thicknesses. Among these new methods, the twin-roll strip casting process is a
simple and effective method for producing Fe-6.5wt.%Si alloys, which directly prepares the molten melt
into cast strips with a thickness close to that of traditional hot-rolled sheets. The process has the bene�t
of extremely rapid cooling, reduced component segregation, and grain re�nement, which not only reduces
energy consumption, improves process e�ciency, and saves costs, but also achieves good mechanical
properties [19] and ideal <001 >//ND (λ-�ber) texture [20]. Due to various advantages of this process, it is
a very feasible method to prepare Fe-6.5wt.%Si alloy sheets.

Our laboratory adopts the (TSTRC) process to directly pass the molten melt through a rotating
crystallization roller to prepare a non-oriented Fe-6.5wt.%Si alloy cast strip with a thickness of 1.7 mm
and a width of 100 mm, and the surface quality of the cast strip is good [21]. In this paper, the
mechanical properties of the Fe-6.5wt.%Si alloy in the cast Fe-6.5wt.%Si alloy and the Fe-6.5wt.%Si alloy
cast strip prepared by TSTRC were compared under the conditions of air-cooled and water-cooled. The
effect of order relative material mechanical properties in Fe-6.5wt.%Si alloys under different cooling
conditions was investigated, revealing the room temperature brittleness nature of Fe-6.5wt.%Si alloys.

2. Experimental Procedure
Table 1

Chemical composition of the Fe-6.5wt%Si alloy (wt.%)
Element Si C S P N Fe

Content 6.45 0.006 0.005 0.006 0.003 Bal.

The initial raw materials are 99.99% industrial pure iron and 99.99% industrial pure silicon as raw
materials and are smelted in a vacuum induction furnace to prepare Fe-6.5wt.%Si alloy ingots. Then use
TSTRC to do experiments, and use TSTRC to prepare 100×1.7 mm non-oriented Fe-6.5wt.%Si alloy cast
strips. The cast strips were cooled in air and sprayed with water, respectively. The chemical composition
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of Fe-6.5wt.%Si alloy is shown in Table 1. The preparation process of the three Fe-6.5wt.%Si alloys and
the Fe-6.5wt.%Si alloy ingots, air-cooled cast strip, and water-cooled cast strip is shown in Fig. 1.

The microstructure and mechanical properties of ordinary as-cast ingots, air-cooled, and water-cooled
strips were analyzed. Various samples were cut from Fe-6.5wt.%Si alloys prepared by three different
processes for subsequent characterization tests. The 10×10mm samples were mechanically ground with
240#, 400#, 1000#, 2000#, and 3000# sandpapers in turn and then polished. After corrosion in a mixture
of 8% HNO3 and 92% C2H5OH for 48 s, the microstructure was observed on an optical microscope (OM).
The microhardness test was carried out on the FM-700 microhardness tester. The sample preparation
process was the same as the metallographic sample preparation method. The load was 500 gf, the
recording time was 5s, and the loading speed was 50 µm/s. Find ten different locations for hardness
testing, then remove the highest and lowest values, and take the average to get the hardness value. An
electronic universal testing machine tested the material's room temperature tensile mechanical properties,
and the tensile speed was 0.5 mm/min. Use an ultrasonic cleaner to clean the tensile fracture, and then
observe the morphology of the fracture under a scanning electron microscope (SEM). The 22×20 mm
sample was mechanically sanded with 240#, 400#, 1000#, and 2000# sandpaper in turn, and soaked in
5% HCL deionized water solution for about 30 s, and then phase detection was carried out on an X-ray
diffractometer with a scanning speed of 1 °/min and a scanning range of 20-90°. The 10×10 mm sample
was mechanically ground to 50 µm, and a φ3 mm disc was punched out from the sheet with a unique
tool. Then, a TenePol-5 electrolytic double jet was used to make a φ3 mm disc into a standard
transmission sample with a speci�c thin area. The electrolytic double jet was a mixed solution of 5%
HCLO4 and 95% C2H5OH, the double jet voltage was 30 V, and the temperature was -20°C. The ordered
phase morphology, size, and distribution of Fe-6.5wt.%Si alloys prepared by three processes were
observed by transmission electron microscopy (TEM) under the dark �eld.

3. Results

3.1. Solidi�cation structure
Figure 2a, b, c shows the microstructures of Fe-6.5wt.%Si alloy ingot, air-cooled strip, and water-cooled
strip, respectively. The structure of the typical ingot obtained by the vacuum induction furnace is very
coarse, and the size can reach 1 mm. However, the structures of the cast strips prepared by TSTRC are
relatively �ne. The average grain size of the microstructure of the air-cooled cast strip is 242 µm, and the
average grain size of the water-cooled cast strip is 143 µm. In terms of grain re�nement, the TSTRC
method has obvious advantages. Under the condition of slow cooling of the ingot, the heat transfer rate
of the material decreases, resulting in a decrease in the temperature gradient of the liquid-solid interface
during the solidi�cation process, which inhibits the growth of columnar crystals. At the same time, the
reduction of the temperature gradient promotes the supercooling of components at the front of the solid-
liquid interface and the nucleation of equiaxed crystals. During the TSTRC process, a strongly stirring
vortex is formed as the melt �ows into the micro melt-pool. Under momentum stirring, it is bene�cial to
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strengthen the heat exchange between the molten metal and the cooling roll, reduce the temperature of
the melt-pool, improve the degree of subcooling and the nucleation rate, and thus re�ne the grains. At the
same time, it is also bene�cial to promote the uniform temperature of each part of the melt-pool and
reduce the temperature gradient. The momentum stirring of the eddy current can produce shearing action
to break the dendrite arms, and the broken dendrite arms are brought to the center of the melt-pool as new
nucleation cores through the re�ux of the melt in the melt-pool. Thus, the formation and growth of
equiaxed crystals are promoted.

3.2. Microhardness
The Fe-6.5wt.%Si alloy is highly hard and brittle due to the presence of B2 and DO3 ordered phases, so the
variation of ordered phases in the Fe-6.5wt.%Si alloy can be re�ected from the side by measuring the
hardness of the Fe-6.5wt.%Si alloy samples. Alcala et al. [22] found a functional relationship between the
contact surface deformation of the Vickers microhardness indenter and the work hardening index.
Furthermore, through the �nite element method simulation calculation concluded that the material with
different work-hardening index in the microhardness test, the material surface in contact with the indenter,
has two primary deformation modes, such as Fig. 3a sink-in and Fig. 3b pile-up. When the sink-in
deformation occurs on the material's surface, the material is considered to have a relatively high work
hardening index. The work hardening index of the material is considered low when a pile-up deformation
pattern occurs on the surface of the material. Therefore, the change in the chemical hardening index of
the material can be analyzed by observing and judging the microhardness test and the surface
deformation of the microhardness contact surface. In turn, it re�ects the content of ordered phases in Fe-
6.5wt.%Si alloys under different cooling methods.

The hardness of Fe-6.5wt.%Si alloy under different cooling methods was tested, and the topography of
the contact surface of the indenter was collected. As shown in Fig. 7, the hardness values of the three
materials are 396.5 HV, 371.2 HV, and 362.7 HV, respectively. Figure 5 shows the microhardness
indentation surface morphology of Fe-6.5wt.%Si alloy. It can be seen from Fig. 4a that the deformation of
the Fe-6.5wt.%Si alloy ingot sample in contact with the indenter is Sink-in, indicating that the ingot is
processed under the condition of slow cooling, the hardening index is high, and the order within the
material is high. In Fig. 4b and Fig. 4c, the deformation modes of the Fe-6.5wt.%Si alloy cast strip
samples in contact with the indenter are all pile-up. However, the accumulation degree of Fig. 4c is higher,
indicating that the work hardening index of the air-cooled strip and the water-cooled strip of Fe-6.5wt.%Si
alloy is the work hardening index of the water-cooled strip is relatively low. The water-cooled strip of Fe-
6.5wt.%Si alloy has the lowest order degree, the air-cooled strip and the ingot have the highest order
degree.

3.3. Effect of cooling rate on the ordered structure
Figure 5 shows the XRD patterns of three Fe-6.5wt.%Si alloy ingots, air-cooled strips, and water-cooled
strips. It can be seen from the �gure that Fe-6.5wt.%Si alloy ingots have strong XRD patterns. The Fe-
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6.5wt.%Si alloy ingot has a strong super-diffraction peak in the B2 ordered phase, and a super-diffraction
peak in the DO3 ordered phase can be observed. In both the air-cooled and water-cooled cast strips of Fe-
6.5wt.%Si alloy, no super-diffraction peaks of the DO3 ordered phase are found, and the super-diffraction
peaks of the B2 ordered phase are weaker in both the water-cooled strips than in the air-cooled cast
strips. This is due to the higher cooling rate of the air-cooled and water-cooled zones, where the DO3

ordered phase is suppressed, and the B2 ordered phase is less abundant, which is also consistent with the
results of the microhardness analysis above.

In order to further analyze the morphology and order degree of the ordered phases of the three samples,
the ordered structures of the three samples were observed by TEM. The �gure's selected area electron
diffraction pattern of the [110] crystal belt axis can simultaneously re�ect the diffraction spots of the A2,
B2, and DO3 phases. The ordered domain structures of the B2 and DO3 phases can be observed through
the dark-�eld images of these diffraction spots. Figure 6a shows the SAED and dark �eld images of Fe-
6.5wt.%Si alloy ingots under the [110] crystal band axis. It can be seen from the diffraction pattern that
the diffraction spots of the B2 ordered phase and the 1/2{111} and 1/3{111} diffraction spots of the DO3

ordered phase are bright, indicating that Fe-6.5wt.%Si alloy under the condition of slow cooling rate, the
content of B2 ordered phase and DO3 ordered phase is very high. From the dark �eld image in Fig. 6a, we
can see the clear reverse domain boundary of the B2 ordered phase. As the B2 ordered phase is equiaxed
and exhibits no crystallographic directionality, the observed boundary of the reverse domain of the B2

ordered phase has a smooth curved shape and no regular shape. It can also be seen from the �gure that
the size of the B2 ordered phase is relatively large, about 2 µm. The DO3 ordered phase is granular and
dispersed, and the size is small, about 14.3 nm. Figure 6b shows the SAED and dark �eld images of the
Fe-6.5wt.%Si alloy air-cooled cast strip under the [110] crystal ribbon axis. It can be seen from the
diffraction pattern that the brightness of the diffraction spots of the B2 ordered phase is weakened, and
the 1/2{111} and 1/3{111} diffraction spots of the DO3 ordered phase have not been observed. This
indicates that Fe-6.5wt.%Si alloy has a lower content of B2 ordered phase under the condition of a faster
cooling rate. The content of the DO3 ordered phase is so weak that 1/2{111} and 1/3{111} diffraction
spots are not found in the diffraction spot pattern. It can be seen from the dark �eld image in Fig. 6b that
most of the reverse domain boundaries of the B2 ordered phase are still in a smooth and curved shape,
without regular shapes, and some reverse domain boundaries are distributed in a round block shape. The
size of the B2 ordered domains is relatively small, about 49.8 nm. Figure 6c shows the SAED and dark
�eld images of the Fe-6.5wt.%Si alloy water-cooled cast strip under the [110] crystal ribbon axis. It can be
seen from the diffraction pattern that the brightness of the {111} diffraction spots of the B2 ordered phase
is weak, and the 1/2{111} and 1/3{111} diffraction spots of the DO3 ordered phase cannot be observed.
This shows that the Fe-6.5wt.%Si alloy has a shallow content of B2 ordered phase under the condition of
fast cooling rate, and DO3 ordered phase is wholly suppressed. It can be seen from the dark �eld image in
Fig. 6c that the reverse domain boundaries of the B2 ordered phase are distributed in clusters. The size of
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B2 ordered domains is relatively small, about 17.6 nm. To sum up, the ordering degree of the three
samples is from large to small: as-cast ingot, air-cooled cast strip, and water-cooled cast strip.

3.4. Effect of cooling rate on mechanical properties
Figure 7 shows the room temperature tensile curves of Fe-6.5wt.%Si alloys prepared by different cooling
methods. The �gure shows that the fracture planes of the three samples are all perpendicular to the
tensile axis. The Fe-6.5wt.%Si alloy ingot sample breaks during the elastic deformation stage, while the
Fe-6.5wt. The air-cooled cast strip has a slight plastic deformation, and the Fe-6.5wt.%Si alloy water-
cooled cast strip has relatively obvious plastic deformation. The elongation is about 0.2%, according to
the room temperature tensile mechanical properties of Fe-6.5wt.%Si alloy. The room temperature
plasticity of Fe-6.5wt.%Si alloy can be improved by reducing the order degree inside the body by rapid
cooling, but the improvement of room temperature plasticity is not apparent.

Figure 8 shows the fracture morphologies of three room temperature tensile specimens. Figure 8a shows
the room temperature tensile fracture morphology of the Fe-6.5wt.%Si alloy ingot sample. As can be
observed from the �gure, there are a signi�cant amount of cleavage steps and river patterns in the
fracture, and the fracture mode of the ingot sample is mainly transgranular cleavage fracture. It can be
seen from Fig. 8b that there are still many river patterns in the room temperature tensile fracture of the air-
cooled cast strip sample, the cleavage step morphology disappears, and a small amount of ductile
fracture zone appears. However, the room temperature plasticity of the air-cooled cast strip improved but
was still dominated by cleavage fractures. From Fig. 8c, it can be seen that a few dimples appeared in the
tensile fracture at room temperature of the water-cooled cast strip. However, a large number of river
patterns could also be observed, which indicated that the room temperature plasticity of the water-cooled
cast strip was further improved. However, The fracture mode is still dominated by cleavage fracture. The
room temperature plasticity increases with the increase of cooling rate.

4. Discussions
Through the analysis of ordered phase morphology and degree of order, it is found that Fe-6.5wt.%Si
alloy ingot has the highest degree of order, Fe-6.5wt.%Si alloy air-cooled cast strip has a lower degree of
order, and Fe-6.5wt.%Si alloy air-cooled cast strip has the lowest order. According to the phase diagram of
Fe-Si alloy, Fe-6.5wt.%Si alloy has A2 disordered structure above 760°C, and with the decrease of
temperature, B2 ordered structure is formed in A2 disordered matrix. Since the transition from A2→B2 is
secondary, the transition speed is faster. A further drop in temperature will lead to further ordering
between the next-nearest neighbor atoms, and the DO3 ordered phase will nucleate in the existing B2

ordered phase domain. The transition from B2 to DO3 is a �rst-order transition, the time required for the
transition longer than the transition time of A2→B2 [23]. At the same time, due to the relatively simple
lattice structure of the B2 ordered phase, only one Fe atom and one Si atom can be formed [24]. During
cooling, each pair of Fe atoms and one Si atom is the core of a B2 ordered phase, and this core grows
rapidly so that it swallows up the surrounding similarly occupied lattice. Therefore, it is complicated to
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completely suppress the B2 ordered phase utilizing rapid cooling. The DO3 ordered phase has a higher-
order and is a higher-order ordered phase formed based on the B2 ordered phase. The formation of a DO3

ordered phase unit cell requires more Si atoms to participate, and the temperature of this ordered region is
lower (<620°C), and the atomic mobility is poor. When the cooling rate is fast, the B2 ordered phase
cannot provide a su�cient basis for the nucleation and growth of the DO3 ordered phase. In addition, Si
atoms are too late to occupy probabilistically in the way of the DO3 lattice, so DO3 has an ordered phase
that can be quickly and completely suppressed. Due to the slow cooling rate of Fe-6.5wt.%Si alloy ingots,
smooth and curved B2 ordered phases and granular DO3 ordered phases were formed in the samples.
Due to the fast cooling rate of the Fe-6.5wt.%Si alloy air-cooled cast strip and water-cooled cast strip, the
nucleation and growth of DO3 ordered phases in the samples can be easily and completely suppressed
by rapid cooling. Although the B2 ordered phase could not be completely inhibited, the growth of the B2

ordered phase was inhibited.

Because the existence of the ordered phase will produce an ordered strengthening effect in the matrix,
increasing the hardness and decreasing the plasticity of the material [25]. This is because, in ordered
alloys, the movement of dislocations disrupts the ordered arrangement of atoms, creating additional
antiphase domain boundaries on the slip plane. Yoshimi [26] investigated the effect of APB on the tensile
properties of Fe3Al alloys and found that dislocations tend to aggregate at antiphase boundaries. They
suggested that antiphase boundaries have some hindering effect on the movement of dislocations in the
alloy. Since Fe-Si alloys have high antiphase boundary energy, dislocations tend to move in pairs to
reduce the antiphase boundary energy of the system. Compared with ordinary unit dislocations in
disordered alloys, superdislocations have larger slip resistance and insu�cient independent slip systems
during the movement process, resulting in reduced plasticity and poor processing performance [27, 28].
The antiphase boundary energies decrease with decreasing ordering degrees, and the antiphase
boundary energies affect the dislocation con�guration in ordered alloys. The lower the antiphase
boundary energy, the larger the distance of superdislocations, and the more favorable it is to decompose
into single dislocations. Compared with paired superdislocations, single dislocations are easier to move
and cross-slip. Thereby increasing the mobility of dislocations [29]. In Fe-6.5wt.%Si alloy, the resistance of
dislocation motion in the DO3 ordered phase is much larger than that in the B2 phase. That is to say, the
mobility of dislocations in the B2 phase is high, while the mobility of dislocations in the DO3 phase is
poor. In the DO3 phase, dislocations move slowly, and it is not easy to cross or bypass obstacles, resulting
in superdislocations easily aggregated in grains or grain boundaries. Dislocations with different Burger
vectors react to form a dislocation network, which further reduces the mobility of dislocations and
becomes a new obstacle for other moving dislocations, thus forming a vicious circle. Therefore, in the
present experiments, the variation in ductility and hardness of the Fe-6.5wt.% Si alloy at room
temperature can be attributed to the in�uence of ordered phases. The greater the content and size of the
ordered phase, the worse the plasticity of the material. It can be seen from Fig. 9 that the ordered phase
size is positively correlated with the hardness. In the Fe-6.5wt.%Si alloy ingot sample, the B2 ordered
phase has the largest size, and a larger DO3 ordered phase is observed. The Fe-6.5wt.%Si alloy ingot has
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the largest hardness and the worst room temperature ductility. On the contrary, the hardness of the Fe-
6.5wt.%Si alloy water-cooled cast strip is the smallest, and the room temperature plasticity is relatively
the best.

In Fe-6.5wt.%Si alloys, due to ordered phases in the matrix, the Burger vector of the total dislocations will
become longer, resulting in the total dislocations becoming extremely unstable. Typically, a single global
dislocation resolves into two, and four quantile dislocations in the B2 and DO3 ordered phases,
respectively [30]. Figure 10 is a schematic diagram of the dislocation structure on the (110) close-packed
plane in the ordered structure. In the B2 ordered structure, one complete dislocation decomposes into two
dislocations, b1 and b2, connected by band-like APBs. Similarly, the DO3 ordered structure decomposes
into four dislocations, b1, b2, b3, and b4, which are connected by two kinds of band-like APBs, namely
APB1 and APB2. Ribbon APBs are energetic and proportional to the order of the matrix [29]. This means
that the energy of banded APBs between paired superdislocations in Fe-6.5wt.%Si alloy ingots is much
higher than that of Fe-6.5wt.%Si alloy air-cooled cast strip and water-cooled cast strip. The "ordered
strengthening" effect occurs when the Fe-6.5wt.%Si alloy undergoes plastic deformation. The b1

dislocation in the B2 structure will slip along the direction of the arrow in Fig. 10, and the ribbon APB will
also be elongated, increasing the area of the APB, so additional energy is required to facilitate this
process. Moreover, the higher the matrix order is, the higher the additional energy required. Similar
processes will also occur in the DO3 ordered structure, but the DO3 ordered structure has a higher-order
degree and requires more energy [23, 28]. To sum up, this is also why the plasticity of Fe-6.5wt.%Si alloy
air-cooled cast strip and water-cooled cast strip is much higher than that of Fe-6.5wt.%Si alloy ingot.

According to the above discussion, it can be known that the Fe-6.5wt.%Si alloy ingot needs larger external
stress to start slipping. However, before the superdislocations slip, the gradually increasing external stress
will generate stress concentrations inside the material. When the strength of these stress concentrations
exceeds the maximum strength of the matrix, macroscopic cracks will follow, Fe-6.5wt in Fig. 7. The
stress-strain curve of the alloy ingot, which fractured in the form of cleavage fracture in the elastic stage,
also con�rmed the above inference. On the other hand, under the in�uence of a high degree of order, the
intragranular stress concentration due to the di�culty of superdislocation slippage also makes Fe-6.5wt.
The area of transgranular fracture [25] is consistent with the results of the fracture SEM fracture
morphology in Fig. 8a.

5. Conclusion
By comparing Fe-6.5wt.%Si alloys prepared by different processes, the microstructure and mechanical
properties of Fe-6.5wt.%Si alloys were studied and analyzed. The effects of different preparation
processes on the mechanical properties of ordered relative materials in Fe-6.5wt.%Si alloys were also
studied. Concluded as follow:

1. Fe-6.5wt.%Si alloy as-cast strip prepared by TSTRC has good surface quality. The solidi�cation
structure of Fe-6.5wt.%Si alloy water-cooled cast strip and air-cooled cast strip is much smaller than that
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of Fe-6.5wt.%Si alloy as-cast ingot. Fe-6.5wt.%Si alloy prepared by the TSTRC process has the advantage
of re�ning solidi�cation structure.

2. The deformation modes of the Fe-6.5wt.%Si alloy cast strip samples in contact with the indenter are all
Pile-up, and the hardness and work hardening index of the cast strip is low. The deformation mode of the
Fe-6.5wt.%Si alloy ingot in contact with the indenter is Sink-in. The hardness and work hardening index of
the ingot are very high, re�ecting the Fe-6.5wt.%Si from the side. The ingot has the highest degree of
order, the air-cooled cast strip has a low degree of order, and the water-cooled cast strip has the lowest
degree of order.
3. The cooling rate of the Fe-6.5wt.%Si alloy ingot is slow, so a smooth curved B2 ordered phase and a
granular DO3 ordered phase are formed in the sample, with a high degree of order. The cooling rate of the
Fe-6.5wt.%Si alloy air-cooled cast strip and water-cooled cast strip is very fast. The nucleation and growth
of the DO3 ordered phase in the sample can be easily completely suppressed by rapid cooling, and the
growth of the B2 ordered phase is also inhibited, the degree of order is relatively low.
4. The fracture mode of Fe-6.5wt.%Si alloy prepared by three cooling methods at room temperature is
mainly transgranular cleavage fracture. The Fe-6.5wt.%Si alloy ingot has almost no plasticity at room
temperature, and the Fe-6.5wt.%Si alloy air-cooled cast strip and water-cooled cast strip have certain
plasticity.
5. The solidi�cation structure of the Fe-6.5wt.%Si alloy cast strip is relatively �ne, the content of the
ordered phase is small, and the degree of order is low, which reduces the reverse domain boundary
energy, reduces the motion resistance of super dislocations, and increases its possibility. Therefore, the
room temperature plasticity of the Fe-6.5wt.%Si alloy cast strip is improved.
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Figure 1

Schematic diagram of different preparation processes of Fe-6.5wt.%Si alloy: a as-cast ingot, b air-cooled
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Figure 2

Solidi�cation microstructure of Fe-6.5wt.%Si alloy: a as-cast ingot, b air-cooled cast strip, and c water-
cooled cast strip

Figure 3

Schematic of pile-up and sink-in of material around the Vickers indenter: a sink-in, b pile-up

Figure 4

Microhardness indentation surface morphology of Fe-6.5wt.%Si alloy: a as-cast ingot, b air-cooled cast
strip, and c water-cooled cast strip
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Figure 5

XRD spectra of Fe-6.5wt.%Si alloy prepared by different cooling methods

Figure 6

The SAED pattern and dark �eld image of Fe-6.5wt.%Si alloy [110] crystal belt axis: a as-cast ingot, b air-
cooled cast strip, and c water-cooled cast strip

Figure 7

Room temperature tensile curves of Fe-6.5wt.%Si alloy: a as-cast ingot, b air-cooled cast strip, and c
water-cooled cast strip

Figure 8

Room temperature tensile fracture morphology of Fe-6.5wt.%Si alloy: a as-cast ingot, b air-cooled cast
strip, and c water-cooled cast strip

Figure 9

Hardness and ordered phase size of Fe-6.5wt.%Si alloy under different cooling methods

Figure 10
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The structure of super-dislocation on the (110) slip plane in ordered structures: a B2 ordered phase, b DO3

ordered phase


