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Effect of excess Fe O, content on microstructure and tensile properties of 304
stainless steel with dual nanocrystalline and microcrystalline austenite prepared
by aluminothermic reaction casting
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ABSTRACT

Microstructures of the 304 stainless steels, with nanocrystalline and microcrystalline austenite prepared by an
aluminothermic reaction casting with different contents of Fe,0, in reactants, have been investigated by XRD, SEM and
EDS, and TEM. The results show that with the increase of the excessive content of Fe 0O, in the reactants, the content of
Al remained in the steels decreased firstly and then increased, while the content of other alloying elements such as Cr,
Ni decreased. When Fe, O, was 5 wt.% in the reactants, the amount of Al and the ferrite content reached the minimum.
The cast 304 austenitic stainless steel prepared with the excess Fe,O, of 5wt% was mainly composed of microcrystalline,
nanocrystalline austenite and a little microcrystalline ferrite. The volume fraction of the nanocrystalline austenite in the
steel was about 67% when Fe, O, was 5 wt.% in the reactants and the tensile strength of the cast steel was 674 MPa, the
yield strength was 458 MPa, and the elongation rate was 10.4 %.
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AHHOTALIMS

MUKpPOCTPYKTYpbl Heprkasewowmx ctanein 304 ¢ HaHOKPUCTAZIMYECKMM U MUKPOKPUCTANZIMYECKMM ayCTEHUTOM, MO-
NIy4EHHbIM MyTEeM aJIOMUHOTEPMUYECKOTO IMTbA C Pas/MYHbIM cogepskaHuem Fe O, B peareHTax, 6biam nccneaosaHbi
MeTO4aMM PEeHTTeHOCTPYKTYPHOro aHanu3a, CKaHWUpYloWwen 3/1eKTPOHHOM MUKPOCKOMWUKU, SHEeProgmucnepCcuMoHHOMN pPeHT-
FEHOBCKOM CMEKTPOCKONUW M MPOCBEYMBAIOLLEN SNEKTPOHHOM MUKPOCKONUU. Pe3ynbTaTbl NOKa3biBaloOT, YTO C yBeAUYe-
Huem u3bbiTouHoro cogepxarusa Fe O, B peareHTax cogepxanue Al, ocTaslierocs B CTansx, CHayana yMeHblanoch, a
3aTem YBe/IMYMBAJIOCh, TOTAA KAK COAEpPNKaHMe APYrux Nernpyowmx anemeHToB, Takux Kak Cr, Ni, ymeHblanocb. Korga
fona Fe,O, B peareHTax coctasiana 5 mac. %, koamdectso Al u cogepskaHune depputa 4OCTUranU MUHUMYMa. JlnTas
ayCcTeHUTHaA Hep)kasetowan ctanb 304, npurotoBneHHas ¢ u3bbiTkom Fe O, cocTosna B OCHOBHOM M3 MWUKPOKpUCTan-
JINYECKOTO, HAHOKPUCTAN/IMYECKOrO ayCTeHMTA M HEBONLLLIOrO KO/IMYEecTBa MUKPOKpUCTanamyeckoro ¢epputa. Obbvem-
Has [40Ns HAHOKPUCTA//IMYECKOTO ayCTeHMTa B CTaNM COCTaBAsna okono 67 %, koraa pons Fe,0, coctasnsana 5 mac. %.
Mpu aToM npenen NPoOYHOCTM MPU PACTAMKEHUM OTAUTOM CTanu coctasaan 674 MMa, npesen TeKy4yecTu COCTaBAAN
458 MTMa, a cteneHb ygamMHeHusa coctasnana 10,4 %.

KJIFOUEBLIE CJIOBA
ANIOMMHOTEPMUYECKAs peakums; Hepskasetowas ctasb 304; MUKPOCTPYKTYpa; MexaHUYecKkue CBOMCTBA.

Introduction

Due to the presence of fully austenite, austenitic
stainless steels have good corrosion resistance,
ductility, welding characteristics and non-magnetic
properties [1-5]. Therefore, austenitic stainless
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steels have become one of the most attractive
engineering alloys, widely used in chemical
engineering, bioengineering, aerospace, nuclear
energy and medical equipment and other fields [6].
The 304 austenitic stainless steel is one of the most
common types of AISI 300 series, and its chemical
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composition must meet the requirements of
table 1. However, the low yield strength of the
304 stainless steel at room temperature limits
its application in industry, which is still a major
drawback of most austenitic stainless steel [7, 8].
In recent years, how to improve the strength of
the 304 austenitic stainless steel has become an
important issue/project for many researchers.
Many studies have shown that there are different
methods to heighten the strength of materials, such
as solid solution strengthening, work hardening
and grain refinement [9-12]. Among these
methods, only grain refinement can effectively
improve the material strength while improving
the willfulness. The relationship between strength
and grain size conforms to the Hall-Petch formula
[13]. Other methods are aimed at sacrificing
plasticity to enhance the strength.
Addingacertainamountof micro-crystals onthe
basis of maintaining nano-crystals, stainless steel
with micro-nano structure can form micro-and
nano-scale inhomogeneous structure, and it has
excellent comprehensive mechanical properties.
Hence, stainless steel with micro-nano structure
hasbeen broadly applied insome engineering fields
[14, 15]. At present, the preparation methods of
micro-and nano-structured metal materials mainly
include severe plastic deformation [16], powder
metallurgy (combustion synthesis) [17] and
amorphous alloy crystallization method. In these
different methods, researchers have successfully
prepared carbon steels [18], pure copper [19, 20]
and pure nickel with micro-nanostructures
[21]. It has also been experimentally confirmed
that the micro-nano structure with double-
scale distribution can significantly increase the
plasticity of nanocrystalline materials [22]. From
the perspective of energy saving and industrial
production amplification, combustion synthesis
is one of the most promising methods for the
preparation of these materials. The aluminothermic
reaction used in this paper is a highly exothermic
reaction, and the principle is the same as the self-
propagating high-temperature synthesis method.
Once the reaction begins, a large amount of heat
released during the reaction will quickly drive the
reaction zoneto fully react, providing the necessary
conditions for the formation of the entire sample
[23]. The adiabatic temperature in the reaction

system is much higher than the melting point of
the product and the by-product alumina, and the
high temperature makes the melt superheated and
pure. The reacted melt is deposited directly on
the copper substrate. The copper material has a
large thermal conductivity, and the high cooling
rate causes a large degree of subcooling, and
thus stainless steel has a smaller critical nucleus
size during solidification. The high nucleation
rate and the low atomic diffusion rate ensure
that the final solidified tissue has a smaller size.

Without using complicated process and
expensive facilities, this study presents a novel
and practical process for fabricating the 304
stainless steel using aluminothermic reactions of
Fe,0,,Al, Cr, Mn, Si, C and Ni. Since Al is a stable
ferrite phase element, the ferrite phase region
can be expanded, which can lead to arise ferrite
in austenitic stainless steel, and the 304 stainless
steel is dominated by single phase austenite in
industrial applications. Therefore, we hope that
by increasing the amount of Fe O, in the reactant,
Al powder in the aluminum thermal reaction can
be fully reacted, so as to obtain the single-phase
304 austenite stainless steel.

1. Experimental techniques

1.1. Material preparation

The principle of the aluminothermic reaction
is as follows:

Fe O, +2Al=Al 0, + 2Fe (1)

In this paper, Fe,O,, Al, Cr, Mn, Si, Ni, C
powders were used as raw materials. The normal
composition of each reactant was calculated in
combination with the chemical composition of the
304 stainless steel in Table 1 and the equation (1) of
the reaction. The content of Fe,O, was overdosed by
2.5%, 5% and 7.5% (mass ratio) on the basis of the
normal ratio to achieve the purpose of completely
reacting Al powder. Table 2 shows the chemical
composition of powders in different samples.

According to the requirements of table 2,
mechanical milling of powder mixtures was
performed by a QM-1SP4 planetary ball mill using
some Al,O, balls, with a ball to powder ratio of 1/2,
arotation speed of 180 RPM for 8h after weighing
the raw materialsand mixing them evenly.

Table 1
Tabnuma 1
Chemical composition of 304 stainless steel
XuMHYeCKHMii COCTaB Hep:KaBewIeil craan mapku 304
C(wt%) Mn(wt%) P(wt%) S(wt%) Si(wt%) Cr(wt%) Ni(wt%) Fe(wt%)
<0.08 <2.00 <0.045 <0.030 <1.00 18~20 8~10.5 Balance

2019. Vol. 1, No. 1“




< MATED >
Table 2
. .. . . . Tabnuna 2
Chemical composition of powders in the different series
XuUMHYECKHH COCTAB MNOPOLIKOB PA3JIHYHbIX CePHi
Sample name | Fe,0,(wt%) | Al(wt%) | Cr(wt%) | Mn(wt%) | Si(wt%) | Ni(wt%) [ C(wt%)
A 61.05 20.6 11 1.2 0.6 5.5 0.05
B 62.576 20.6 11 1.2 0.6 5.5 0.05
C 64.103 20.6 11 1.2 0.6 55 0.05
D 65.629 20.6 11 1.2 0.6 5.5 0.05
Then, 300 g powder mixtures were weighed 2. Results

and placed in a self-made mold, which was a
cylindrical block in a diameter of 85 mm, and
pressed by a uniaxial press. The pressed block
was put in a copper crucible, and a small ignition
was set on the top of the reactants. After that, the
crucible was placed and heated in an autoclave.
After the synthesis process, a slag layer covered
the main product of the synthesis. The connection
between the slag layer and the product is weak
and can be removed by hand tapping.

1.2. Characterization methods

By means of operating optical microscopy
(OM, Mef3) and trans mission electron
microscopy (TEM, JEM-2010) at 200 kV,
microstructure characterization was performed.
Also, X-ray diffraction (XRD, D/Max-2400) with
Cu-Ko radiation was conducted to determine
the phase composition of the samples. The scan
angle was ranged from 20° to 130° with a speed
of 10°/min. The tube voltage and the electrical
current were 40 kV and 150 mA, respectively.
The microstructures of the samples were analyzed
by optical microscopy and scanning electron
microscope (SEM, JSM-6700F) equipped with
energy dispersive spectroscopy (EDS).

Cut from the main products, micro-tensile
specimens fitted the required dimensions as
illustrated in fig. 1. Uniaxial tensile testing
was carried out on a WDW-100D electronic
universal material testing machine. Also, by
a HBRVU-187.5 optical hardness tester, the
hardness of the samples was measured.

—

2.1. Phase and microstructure analysis

The XRD patterns of the 304 stainless steel
prepared by different amounts of Fe O, are
depicted in fig. 2. Obviously, compared with the
304 stainless steel prepared by the normal ratio
(sample A), it can be seen that when Fe O, is
excessive (sample B, sample C and sample D), the
diffraction peaks of ferrite are greatly weakened,
and the main constituent phase is austenite. The
excessive Fe,O, eliminates the influence of Al
element, and the amount of ferrite decreases
significantly compared with the normal ratio.
When Fe, O, exceeds 5%, the ferrite content is the
least, and the constituent phase is basically single-
phase austenite. As the content of the excessive
Fe,O, reached 7.5%, the diffraction peaks of
ferrite (211) increased slightly in the structure of
the synthesized sample D.

Fig. 3 shows the optical micrographs of the
304 stainless steel prepared by different amounts
of Fe,O,. It can be seen from the metallographic
diagram that the microstructure is composed of
two phases with different shades of color, and
the light phase is the main one, which occupies
more volume fraction, while the dark phase is
mainly distributed at the interface of the light
phase existing less content. The lighter white
phase is the austenite phase of the matrix,
while the ferrite phase is slightly darker and
the proportion of the ferrite phase is small.

3.4

L

13

32

Fig. 1. The dimension of the tensile samples

Puc. 1. 3mepenne o6pa3moB Ha pacTsDKEHUE
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Fig. 2. The XRD patterns of the 304 stainless steel prepared by different amounts of Fe O,

Puc. 2. Kaprunel pentrenorpadun neprkaperoueii crama 304 ¢ pasnuunbiM konudgectBoM Fe O,

100pm
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Fig. 3. Metallographic structure of the 304 stainless steel prepared by different amounts of Fe O
a—2.5%; b—5%;c—175%

Puc. 3. Merannorpaduueckas cTpykTypa Hepkaperouieii cram 304 ¢ pasnuunbiM KonudectBoM Fe O

a—2,5%;b—-5%;c—7,5%
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In the meantime, a small amount of inclusions can
be seen from the metallographic phase. The XRD
results show that the diffraction intensity of ferrite
is weak, which indicates the content of ferrite is
very small and the metallographic structure is
consistent with the XRD results.

Fig. 4 shows the SEM images of the 304
stainless steel prepared by the excessive Fe O,
differentiated between different content and EDS
spectra of ferrite region. It is observed from the
SEM structure that there is some ferrite distributed
in the grain boundary matrix of matrix, and the
matrix of the stainless steel is autensite. As the
content of the excessive Fe O, reached 7.5%, there
are some inclusions in the tissue of sample D. The
results of the energy spectrum analysis shows
the inclusions of MnS and Fe-Cr-S. According
to the statistics, with the increase of the excess
mass percentage of Fe,O,, the volume of ferrite
decreases first and then increases. When the excess
of Fe O, is 2.5%, 5% and 7.5%, the proportion
of ferrite is 6%, 3% and 8% respectively. It can
be seen that the amount of ferrite is very small.
Although the addition of the excessive Fe O, can
not completely remove ferrite, compared with the
normal proportion of the 304 stainless steel, the
reduction of the ferrite content is very remarkable.

The content of Al and Cr in the alloys, with

different excess percentages of Fe,O,, is compared
by EDS, as shown in fig. 5. It can be seen from
the diagram that the content of Al goes up first and
then goes down with the addition of Fe,O,, and the
content of Al in the alloy decreases prominently
compared with the normal ratio, indicating that the
excess of Fe O, promotes more Al to participate in
the reaction. When the excess of Fe O, is 2.5%,
the content of Al reduces greatly in comparison
with the normal proportioning. When the excess
of Fe,0, reaches 5%, the content of Al decreases,
but the decreasing trend is relatively gentle. As the
content of the excessive Fe,O, reaches 7.5%, the
content of Al rises again, and the content of Cr and
Niin steel begins to decline. During the experiment,
we found that Fe O, was not the more the better.
When the content of Fe,O, is undue, the ferritic
phase in tissue can be reduced, and the content
of Al descends as well. However, when Fe O, is
excessive to 7.5%, the content of Cr and Ni in steel
decreases, and the reaction by-products contains a
large number of unreacted Fe,O,, and the reaction
becomes more difficult. EDS also shows that the
content of Al is higher than that of Fe,O, when
Fe O, is excessive to 5%, which demonstrates the
addition of more Fe O, not only does not promote
more Al to participate in the reaction, but also
increases the content of Al and that causes the waste.
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Fig. 4. SEM microstructure and EDS spectrums of the 304 stainless steel prepared by different amounts
of Fe,0,: a—2.5%

Puc. 4. MukpocTpykTypa (pacTpoBasi MEKPOCKOIIHS) i SHEPTOIUCIIEPCHOHHEIE CIIEKTPHI HepKaBeroIIeH
craiu 304 ¢ pasnuanbiM KonmuecTBoM Fe O, a —2,5%
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Fig. 4. SEM microstructure and EDS spectrums of the 304 stainless steel prepared
by different amounts of Fe,O,: b — 5%; ¢ — 7.5%

Puc. 4. MukpoctpykTypa (pacTpoBasi MUKPOCKOITHUS) U SHEPTOUCIICPCHOHHBIC CIIEKTPhI HEPKaBeIOIIeH
cranu 304 ¢ paznmuanbiM KonuuecTBoM Fe O, b — 5%; ¢ —7,5%
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Fig. 5. The relationship curve of the content of Al and Cr in the alloys with different excess percentages of Fe O,

Puc. 5. Kpusas 3aBucumoctu conepxanns Al u Cr B criiaBax ¢ pasindHbIMU U30bITOUHBIME 10TsIME Fe, O,

Fig. 6 shows bright field image, dark field
image, selected area electron diffraction pattern
of the 304 austenitic stainless steel prepared by
a 5% excess of Fe O,, and grain size statistical
diagram of the nanocrystalline austenite. The

and those black areas are diffracted correspond
to the large-sized microcrystalline austenite;
there are some light gray areas in the bright field
image, corresponding to the white highlight areas
in the dark field image. The selected area electron

bright areas in the bright field image of the

diffraction as a continuous ring indicates that
transmission electron microscope do not diffract,

there are many nanocrystals in the microstructure.

= — — -{111)
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——-(311)

volume fraction (%)

113 20 4 s
grain size of nana-auwste nite (nm)

Fig. 6. TEM images of the 304 austenitic stainless steel prepared by a 5% excess of Fe,0,: a — bright field
image; b — dark field image; ¢ — selected area electron diffraction pattern; d — grain size statistical
diagram of the nanocrystalline austenite
Puc. 6. [TpocBeunBaromias 37eKTpOHHAs MUKPOCKOIIHS ayCTCHUTHON HeprkaBeroliei cranu 304, momydyeHHas
¢ 5%-M u30bITKOM Fe,0,: a — cBeTIononsHoe n300pakeHue; b — TEMHONOIBHOE N300paKeHHUE;
¢ — BbIOpaHHasi 00J1aCTh AMEKTPOHHOM AU(PPAKIIMOHHOMN KapTUHBL, d — pa3Mep 3epHa CTaTHCTUYECKON JIHarpaMMbl
HAHOKPUCTAJUIMYECKOTO ayCTCHUTA
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Because ferrite is not resistant to corrosion and
can be corroded during the electrolysis process,
it could not be observed in TEM. The Image Pro
Plus software was used to calculate the amount
of nanocrystalline austenite in the microstructure.
The volume fraction of the nanocrystalline
austenite was as high as 67% and the average
grain size of the nanocrystalline austenite was
about 21.9 nm.

Fig. 7 shows the tensile property curve and the
hardness histogram of the 304 austenite stainless
steel prepared with the normal proportion and
over 5% of Fe O,. It can be observed that the
yield strength of the as-cast 304 stainless steel is
lower, about 458 MPa, and the maximum tensile
strength is 674 MPa, and the hardness value is
186HV when the excess of Fe,O, is 5%. There is
a plastic rheological zone before tensile fracture,
but the elongation is still low, about 10.4%. The
tensile properties and hardness are not distinctly
different from those of the 304 stainless steel
prepared at the earlier normal ratio.

3. Discussion

The alloy composition determines the
solidification mode of the austenitic stainless steel.
In order to investigate the solidification behavior
of the austenitic stainless steel, some scholars
simplified the complex alloy into Fe-Cr-Ni ternary
alloy [24], and classified the solidification mode
of the stainless steel according to the calculations
of Cr and Ni equivalents:

(1) Model F: liquid phase L = liquid phase L
and o-ferrite— o-ferrite » o-ferrite and y-austenite
(Cr equivalent / Ni equivalent >1.95);

(3) Model FA: liquid phase L — liquid phase

T&H

stress ChPal

== Fealhy eniesaite

—— standand ralbo

Qo0 0.0% R 1] 0.15 020

slrain

L and &-ferrite — liquid phase L, y-austenite and
O-ferrite —» od-ferrite and y-austenite (1.48 < Cr
equivalent / Ni equivalent <1.95);

(3) Model AF: liquid phase L - y-austenite and
liquid phase L — liquid phase L, y-austenite and
o-ferrite —  O-ferrite and y-austenite (1.25 < Cr
equivalent / Ni equivalent <1.48);

(4) Model A: liquid phase L—>y-austenite and
liquid phase L—> y-austenite (Cr equivalent / Ni
equivalent <1.25).

In this paper, the calculations of Cr and Ni
equivalent are as follows:

Cr, =Cr+1.58i=119

Ni_ = Ni+30C + 0.87Mn=8.044

The Cr equivalent / Ni equivalent = 1.478
< 1.48 belongs to model AF. That is to say, the
primary phase precipitated in the liquid phase is
austenite, and some ferrite forming elements is
segregated at the austenite grain boundary when
solidified like chromium or aluminum, which
promotes the formation of ferrite at the grain
boundary. Body, the nucleation of ferrite grows
up surrounded by austenite. The second phase
ferrite transforms to austenite during the late solid
phase transformation, further reducing its number.
Some studies have shown that the formation
of cellular austenite in AF mode is associated
with a high cooling rate [25]. Near equilibrium
microstructure can be obtained at a low cooling
rate, and full austenite or eutectic austenite can be
acquired at a high cooling rate by inhibiting the
precipitation of the second phase.

The Al element promotes the formation of
the high-temperature delta ferrite, so that the
solidified structure contains a certain amount of
ferrite. The higher the content of Al, the more
obvious this effect is.
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Fig. 7. The tensile property curve and the hardness histogram of the 304 austenite stainless steel prepared
with the normal proportion and over 5% of Fe O,

Puc. 7. KpuBas pacTskeHUs 1 TUCTOrpaMMa TBEpAOCTH HepiKaBeIolel ayCTeHUTHOU ctanu 304,
HOATOTOBJIEHHOM ¢ HOPMaIbHOM Mponopuuei u 5%-M nepeusdsitkom Fe O,
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However, the excessive Fe O, can make Al
participate in the reaction as much as possible
within a certain temperature range, reducing
the precipitation of ferrite, which provides the
possibility of obtaining single-phase austenite
tissue. During the aluminum thermal reaction,
the instantaneous release of high heat causes
the whole system to react, and the reaction
combustion wave spreads to the whole area
from top to bottom, making the liquid melt get
very good superheating purification. Therefore,
during the late melt solidification process, the
crystallization is carried out by homogeneous
nucleation. At the beginning, the nucleation rate
is low, and the content of alloy elements such
as Cr, N, and Ni in the melt is very high, which
provides energy fluctuation and composition
fluctuation for the formation and growth of some
nucleus. This part of the nucleus are preferentially
grown into micron crystals after solidification. As
the temperature decreases, when the degree of
subcooling reaches a certain value, the nucleation
rate rises rapidly, so much the critical nucleus
radius reaches the minimum value, and the melt
viscosity rises at a high cooling rate, which
results in atomic diffusion hindered and would be
limited. With the growth rate of the nucleus, after
the solidification, this part of the nucleus forms
a nanocrystal. The liquid oxide and the alloy are
incompatible with each other and the density is
much different, so the alumina and Fe,O, which are
not involved in the reaction are separated around
the main product.

Aluminothermal reaction is a reaction that
gives off a great deal of heat instantaneously.
The reaction is characterized by high temperature
and high speed. Therefore, this process can be
regarded as an equilibrium process. As the amount
of Fe,O, increases, the content of Al gradually
decreases, resulting in the reduction of heat release
in the aluminum thermal system and the decrease
of adiabatic temperature of the system. A large
number of ferric oxide remains in the by-products.
The microstructure observation and composition
analysis shows that through ferric oxide excessively
increasing, inclusions appears in the structure, and
the inclusions are mainly manganese sulfide and
Fe-Cr-S compounds. EDS analysis also reveals
that with the increase of Fe O, content, the content
of alloy elements is on the low side. By 7.5% ferric
oxide excess, the content of Cr in ferrite phase of
the alloy could be reduced to 13.69%. It is observed
that the diffusion rate of elements reduces with
the decrease of system temperature, and some
alloy elements could not be completely melted
into the matrix, which affects the microstructure,

Ezow. Vol. 1, No. 1

stability and uniformity. With the increasing of
Fe O, content, the content of Al does not show a
monotonous downward trend, which is related to
the decline of the whole system temperature but
not the completeness of the reaction. The as-cast
304 stainless steel prepared by the aluminothermic
reaction method is a multi-dimensional composite
structure composed of nanocrystalline austenite,
microcrystalline ferrite and austenite, but the
distribution of the micro-nano composite structure
is not very uniform and continuous. Among them,
the nanocrystalline austenite accounts for a large
volume fraction, but the nanocrystals exhibits a
cluster-like distribution on the microcrystalline
matrix. Thus, the micro-nano composite structural
material has a certain strength, but the dislocation
storage capacity in the nanocrystal is limited. The
work hardening ability is very weak. It cannot
be well regulated among the ratio, grain size
and distribution of nanocrystalline austenite and
microcrystalline austenite in the as-cast micro-
nanostructure 304 stainless steel. Therefore, the
obtained as-cast micro-nano-structured stainless
steel has low strength, low plasticity, and
comprehensive mechanical properties deviation,
and further comprehensive mechanical properties
need to be gained by adjusting the ratio of
microcrystalline and nanocrystalline, grain size
and distribution state.

Conclusion

In this study, the 304 austenite stainless steel
with micro-nano structure was prepared by adding
different amounts of Fe O,, and its tissue-related
mechanical properties were characterized. The
following conclusions were obtained:

1. The 304 stainless steel is mainly austenite
when the excess of Fe,O, is 2.5; 5 and 7.5%,
which contains a small amount of ferrite, and the
ferrite content reaches the minimum when the
excess of Fe O, is 5%.

2. With the increase of the excess ratio of
Fe, O,, the content of Al in the alloy decreases first
and then rises, and the content of other alloying
elements such as Cr and Ni reduces.

3. The as-cast 304 austenitic stainless steel
prepared by over 5% Fe O, is mainly composed
of micron crystalline ferrite, austenite and
nanocrystalline austenite, of which the volume
fraction of nanocrystalline austenite is up to 67%.

4. The as-cast 304 austenitic stainless steel
prepared with excessive 5% Fe,O, has low
mechanical properties, with its maximum tensile
strength of 674 MPa, yield strength of 458 MPa
and elongation rate of about 10.4%.
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