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Highlights:
1. 6.0-8.0 wt.% surface coated composite metal powders are introduced into ASC castables.
2. Multi-enhancement of whiskers/fibers are in suit formed due to coating cracked.

3. Comprehensive properties of ASC castables were greatly improved.


mailto:lihf@cug.edu.cn

Abstract: Al,03-SiC-C (ASC) castables were prepared with bauxite and silicon carbide as major
raw materials and introducing large amount of surface treatedcomposite metal powders (STCMPs) as
antioxidant. Their comprehensive properties were greatly improved attributed to the in situ formation
of multi-reinforced phases including carbide silicon whiskers and mullite fibers in the matrix.
Compared with the corresponding samples without STCMPs, the high temperature modulus of
rupture of those with 6 wz.% STCMPs calcined in air increased by 47.3% and with 8 wt.% STCMPs
calcined in reducing atmosphere increased by 220%. The retained CMOR ratio of the sample with 6
wt.% STCMPs calcined in reducing atmosphere was high up to 50% after 5 cycles thermal shocks.
Moreover, the oxidation index and slag erosion index of samples with 6 wt.% STCMPs were
decreased by 45% and 74%. This work provides a new perspective for the preparation of ASC

castables with excellent high-temperature performance.

Keywords: Al,03-SiC-C castables, Surface treated composite metal powders, Multi-reinforced phases,

In suitformation

1. Introduction

ALO3-SiC-C (ASC)castables are one of the primary refractory products used for molten iron
pretreatment in iron and steel manufacturing process due to its excellent oxidation resistance and
slagcorrosion resistance, thermal shockresistanceand good mechanical properties [1-3]. With the
application and development of pretreatment desulfurization, dephosphorization and desiliconization
technologies, higher requirements are demanded for ASC castables. Nevertheless,the high
temperature oxidation of carbon (C) reduces the service life of ASC castables and limits their
application[4-6]. As a result, to solve the issues, various methods and techniques have been developed,
including changing the morphology of the introduced C such as graphitic carbon sphere[7],cobweb-
like carbon nanotubes[8] and modified coal tar pitch[9],adding antioxidants such as andalusite [10,
11], SizBC3N [12]and Al[13], and formation in-sifu whiskers reinforcement| 14-16].Among them, the
most popular is adding metal and its alloy powders to ASC castables, which can not only improve its
oxidation resistance, but also improve its toughness due to the reinforcing phases that were formed
in-situ in ASC castables. For example, Sun et a/. [17] found that the addition of 4 wz. % Al-Si powders
improved the oxidation resistance of ASC bricks,and the generated whiskers improved the high
temperature performance of the specimen. Behera ef al.[18] found thatadding 2 wt.% Al powders as

antioxidant in low-carbon magnesia-carbon bricksformed a ceramic phasesin sifu to improve the



properties. Li ef al.[19] found that the addition of 0.2 wt.% Al fibers improved the volume stability
and mechanical strength of ASC castables. Li et al.[20] improved the thermal shock resistance of
ASC castables by adding 2 wt.% of a composite antioxidant (Al, Si-based).In fact, when preparing
ASC castables, the amount of untreated metal powders that can be added to ASC castables is very
limited due to its easy hydration and significantly reduced flowability of ultra-low cement bonded
ASC castables. Therefore, two issues must be considered to prepare ASC castables with excellent
performance, namely, 1) hydration-resistance pretreatment of metal powders; 2) suitable addition
amount of metal powders. As for the first aspect, in order to prevent its hydration, researchers have
proposed solutions with preparing coatings on metal powders (i.e., Al, Si powders).

In our previous studies [21], a Al2O3-coated Al powders were prepared and added to a Al,Os-
Si0» refractory castable and its properties were greatly improved after heat-treatment at 1000 °Cin
N> atmosphere. As for the second aspect, the addition of metal powders can not only improve the
oxidation resistance of ASC castables, but also enhance its explosion resistance. Its anti-explosion
mechanism is that the addition of metal powders increases the open pores or/and microcracks inside
the ASC, which makes the steam in the ASC easily escape.However, previous studies have shown
that adding metal powders can reduce the strength of castable although it has a good explosion
resistance effect[22]. Therefore, in practical applications, the amount of metal powders added to ASC
castables must be controlled to a very small level. For instance, Li et al.[19]investigated the effect of
aluminum fiber addition (0.05, 0.1, 0.2, and 0.3 wz.%) on the mechanical strength and explosion
resistance of ASC castables for iron runner. The results shown that the addition of metal aluminum
fibers could effectively improve the explosion resistance and volume stability of ASC castables. The
castables had better strength when metal aluminum fiber added was 0.10-0.20 wz.%. As is well-known,
ASC castables are used in iron runner at temperatures above 1400°C, and its service conditions are
very harsh.However, up to now, there are still few studies on the effect of adding a large doses of
surface coated composite metal powders on the properties of ASC castables and the enhancement of
their comprehensive high-temperature properties by in-situ formation of multi-reinforced phases.

In this study, sintered bauxite was used as raw material to prepare ASC castable for iron runner,
and a large dose of surface treated composite metal powders (STCMPs) was added. The effects of
STCMPs addition (0, 2, 4, 6 and 8 wt.%) and sintering atmosphere on the microstructure and its
properties, including slag erosion resistance, oxidation resistance and thermal shock resistance were

investigated. The results showed that the addition amount of STCMPs can be as high as 6.0-8.0 wt.%



and the physical properties, oxidation resistance, slag erosion resistance and thermal shock resistance

of the castables were significantly improved.

2. Experimental Section

2.1 Raw materials

Bauxite particles (w(Al203)=85%, 0-1mm, 1-3mm, 3-5mm) and SiCparticles (w(SiC)=98%, 0-
Imm, 1-3mm) were selected as aggregates. Bauxite powder (w(Al203)=85%, < 0.074mm), SiC
powder (w(SiC)=98%, < 0.074mm), a-Al,O3 micro powder (Dso = 2.573 um, Kaifeng Special
Refractory Co., Ltd., Henan, China), spherical asphalt (w(C)=51.48%, Xinguang New Material Co.,
Ltd., Jiangsu China),and micro-silica (Dso =0.25um) were chosen as the matrix materials. Calcium
aluminate cement was used as the binder (Dso= 3.03 um, Kerneos Aluminate Technologies, Tianjin,
China). Composite metal powders including Al powder (Dso = 38 um), Si powder (Dso = 38 pm) and

metallic Al-12 wt.% Si powder (Dso = 38 pm) were used as the additives.
2.2. Preparation of ASC castables

Surface treated composite metal powders (STCMPs) were prepared by water vapor corrosion
composed of 60 wt.% Al, 10 wt.% Si and 30 wz.% Al-Si alloy, which was referred to microcapsules
in the following analysis. The process has been reported in detail in our previous work [21].The ratios
of raw materials were determined according to the Andreasen packing model with a distribution
coefficient of g=0.21, which is shown in Table 1.

Table 1 Compositions of prepared Al,O;-SiC-C castables

\5%‘\ Contents, wt.%
Raw materials S1 S2 S3 S4 S5

Bauxite particles 60 60 60 60 60
SiC particles 25 25 25 25 25
a-AlbOsmicro powders 8 8 8 8 8
Spherical asphalt 3 3 3 3 3
Micro silica 1 1 1 1 1
Cement 3 3 3 3 3
STCMPs (extra) 0 2 4 6 8

The raw materials were mixed with water reducer (FS10, Wuhan Sanndar Chemical Company
Co., Ltd, Wuhan,China) and about 5 wt.% water for all the samples, then they were cast into 140 x
25 x 25 mm® samples. The samples were cured at room temperature for 24 h, dried at 110 °C for 24 h

and then calcined at 1450°C for 3h under an airor reducing atmosphere, respectively.

2.3. Characterization and measurement



The phases compositions of the samples were measured by X-ray diffraction (XRD, X’Pert Pro,
PANalytical). The microstructures of calcined ASC castables were observed using a field-emission
scanning electron microscope (FE-SEM, Nova Quanta 400) equipped with an energy-dispersive X-
ray spectroscope (EDS, Phoenix, AMETEK Process Instruments).

The apparent porosity (AP), bulk density (BD), cold crushing strength (CCS) and cold modulus
of rupture (CMOR) of the castables were measured according to GB/T 2997-2000 (China), GB/T
5072-2008 (China) and GB/T 3001-2007 (China), respectively.The high temperature modulus of
rupture (HMOR) of calcined sampleswas measured under air atmosphere (GB/T 3002-2004, China).
The samples were heated to 1400 °C at a rate of 5 °C/min and maintained for 0.5 h, then the HMOR
was measured by the three-point bend test. The thermal shock resistance of the samples was evaluated
using the water-cooling method (GB/T 30873-2014, China), between 1100 °C and 20 °C. After five
thermal cycles, the residual CMORgs of the samples was measured. The retained CMOR ratio (7)
was calculated using the equation 7= (CMORzs/CMOR) x100%.Oxidation resistance of the sample
was evaluated by the oxidation index (w). The samples were heated to 1100°C for 5h under an air
atmosphere [23], then naturally cooled to room temperature. The samples were then cut vertically
from the middle section to observe the oxidation of carbon, according to the observed color change.
The oxidized area (4o) and the origin area (A4y) of samples were measured, then its oxidation index
(w) was calculated according to the equation, @=A40/49X 100%.The slag resistance was measured
according tothe crucible method. The crucible sample (70mm X 70mm X 70mm), with a hole at the
center, was filled with 20g of slag powders and fired at 1450°C for 3h. It was then cooled naturally
and cut symmetrically to observe the degree of resistance to slag erosion. The erosion area (4r) and
the original area (4s) of the crucible samples were measured, and its slag erosion index was then
calculated according to the equation, 0=A/As>X100%. The chemical compositions of the blast

furnace slag are shown in Table 2.

Table 2 Chemical compositions of blast furnace slag (wt. %).
Compositions  SiO> ALOs Fe:0O3 CaO MgO KO  NaxO Others
Contents, wt.% 35.55 17.00 036  37.82  7.65 0.30 0.27 1.05

3. Results and discussion

3.1 Microstructure of calcined ASC castables

The XRD patterns of samplescalcined in the air/reducing atmosphere are shown in Fig. 1. The



results in Fig.1 shown that the major phases of the calcined samples in both air and reducing
atmosphere were corundum (Al,Os3, ICDD No. 00-048-0366, ICDD No. 01-082-1399, ICDD No. 01-
075-0783, ICDD No. 00-005-0712) and alphasilicon carbide (a-SiC, ICDD No. 01-073-2086, ICDD
No. 01-073-1663, ICDD No. 01-073-1663, ICDD No. 01-089-1975), and contain a small amount of
mullite (3A1,03-2S10,, ICDD No. 01-082-1237), carbon and calcium-aluminum-silicon complex
oxides. Fig.2 shows FESEM images and EDS analysis of calcined products of ASC castables with
different amounts microcapsules added in air atmosphere of 1450°C. As can be seen, only a small
number of needle-like and rod fibers were observed in calcined ASC castables without microcapsules
added.Microcracks were found in the calcined ASC castables with microcapsule addition, and even
breakages.Meanwhile, with the addition of SCCMP microcapsules in the samples, whiskers/fibers
network structure appeared around the microcapsule cracks, as shown in Fig. 2 (b). As the number of
microcapsules in the sample increased from 2 wt.% to 8 wt.% (Fig. 2 (b-e)), the number of
whiskers/fibers increased around the microcapsules which expanded into the matrix and formed a
network. The pores in the matrix were filled with whiskers/fibers and connect to each other to form
an interconnected network. Compared with that of the samples without microcapsules added, the
samples with the microcapsules added had whiskers/fibers with smaller diameters and longer

length,as shown in Fig. 2 (b)-(e).
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;e : . 2

Intensity / (a.u.)

20/ (°)

Fig. 1. XRD patterns of calcined products of ASC castables at 1450°C with (a and c) 0 wt.%,



(b and d) 6 wz.% microcapsules added in (a and b) air atmosphere and (c and d) reducing

atmosphere, respectively.
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Fig. 2. FESEM images of calcined products of ASC castables at 1450°C in air atmosphere with
(a) 0 wt.%, (b and ¢) 2 wt.%, (d and e) 4 wt.%, (f and g) 6 wt.% and (h and i) 8 wt.%
microcapsules added. EDS of (j) point 1# and (k) point 2# of ASC castables calcinated at

1450°C in air atmosphere.

Compared with the samples fired in an air atmosphere (Fig. 2(a)), no whiskers/fibers appear in
without any microcapsules added samples calcined at 1450°C in reducing atmosphere, as shown in
Fig. 3(a). A small number of short rod-shaped fibers appear in the sample with 2 wz.% microcapsules,
as shown in Fig. 3(b). Some whisker/fibers appear within the cracked microcapsule zone when the
content of the microcapsules is increased to 4 wt.% (Fig. 3(c)). When the content of the microcapsules
is further increased to 6wz.%, more whiskers/fibers appear in the matrix and some grow longer (Fig.
3 (d), (e)). By comparison, it was found that the microstructure of ASC castables was obviously
different when the same number of microcapsules were added and calcined in reducing atmosphere
and air atmosphere respectively. The most apparent difference was that the fiber/whisker generated
in reducing atmosphere was less and the aspect ratio was much smaller. Clearly, it can be seen that
the number of fibers/whiskers formation and the aspect ratio are sensitive to the calcination
atmosphere. During calcination in reducing atmosphere, the amount of SiO (g) and CO (g) is

insufficient due to the low oxygen pressure, resulting in a small number of fibers/whiskers, which is



consistent with the results of previous studies [24, 25].

Fig. 3. FESEM images of calcined products of samples at 1450°C in reducing atmosphere with
(a) 0 wt.%, (b) 2 wt.%, (c) 4 wt.%, (d and e) 6 wt.% and (f) 8 wt.% microcapsules added.

FactSage software was used to calculate the Predominance diagram of the Al-Si-O-C system at
1450°C to evaluate the effects of partial pressure of CO (Pco) and O2(POz) on the chemical reactions

and product phases of the system, as shown in Fig. 4.1t can clearly be seen that when both Pco and
Py, partial pressures were low (phase region (D), Al and Si existed simultaneously and no new phase

was formed.Meanwhile, SiC and Al4Cs phases appeared with the increase of Pco, while Al>O3 phase
appeared with the increase of Py, . That is, the AO3 or/and SiC new phases could be formed in Al-
Si-C-O reaction system in oxidizing or reducing atmosphere when partial pressures Pco and Py, were
appropriate. As shown in Fig.1, Al and Si were absent in the system in either oxidizing or reducing
atmosphere. Besides, considering the EDS analysis of point 1# and point 2# (Fig. 2), the
predominance diagram of Al-Si-O-C system at 1450°C (Fig. 4), and the crystallization behavior of
silicon carbide(SiC) and mullite(3A1,03-2S10;, A3S»), it can thus be concluded that SiC whiskers
(SiC,) and mullite fibers (A3S.,s) was generated in ASC castables.And, the schematic of the formation
mechanism of whiskers/fibers is shown in Fig. 5.The formation of SiC,, and A3S;, rcan be considered
as: (1) Microcapsules in ASC castables cracked at high temperature, and exposed Si and Al react with
O: in the surrounding atmosphere to form SiO (g) and Al>Os3 (s), respectively. (i) Then, the reaction
intermediates SiO (g) reacted with C (s) or CO (g) to form SiC,,, while SiO (g) reacted with AL>bO3 (s)

to form A3S;, . Therefore, it can be predicted that SiC,, and A3S;, sin-situ formation can improve the



comprehensive properties of ASC castables.
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Fig. 4. Predominance diagram of Al-Si-O-C system at 1450°C calculate by FactSage software.
@ AIN+Si(), @) AlN)+SiC(s), B) AlsCi(s)+SiC(s), @) ALOs(s)+SiC(s),(5) ALOs(s)+Si(l), (6)
ALOs(s)+3A1203-2Si0x(s).
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Fig. 5. Schematic illustration of formation mechanism of (a) silicon carbide whiskers and (b)



mullite whiskers during high temperature calcination.

3.2. Effects of microcapsules amount on properties of ASC castables
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Fig. 6.Effect of microcapsules amount on properties (a) PLCR and MCR, (b) AP and BD, (¢)
CMOR and CCS, (d) HMOR of samples calcined in air/reducing atmosphere. (e) Effect of
microcapsules amount and sintering atmosphere on the CMOR, CMORRs and i of samples

after thermal shock resistance 5 cycles.

The mass change ratios (MCR) and permanent linear change ratios (PLCR) of samples calcined
in air or reducing atmosphere are shown in Fig. 6 (a). It can be seen that the addition of microcapsules
can compensate for the weight loss of ASC castables during high-temperature calcination. For the
ASC castables sintered samples without microencapsulation added, there was a slight weight loss of
-1.80 wt.% due to the high temperature oxidation of SiC and spherical asphalt. However, for the
samples with microencapsulation added, the weight loss was compensated to some extent by the high

temperature oxidation of exposed Al and Si due to microcapsule rupture. When the microcapsule



addition amount was 4 wt.%, the weight gain of metal oxidation was slightly greater than the weight
loss of the system, and when the microcapsule content was 8 wz.%, the weight gain of sintering
products in oxidizing and reducing atmosphere was about 1.4% and 2.6%, respectively. The weight
gain of the latter was greater than that of the former due to the less weight loss in reducing atmosphere.
Meanwhile, the PLCR of the calcined samples without microencapsulation added calcined in
oxidizing andreducing atmosphere was about —0.23% and 0.18%, respectively. This is mainly because
SiC is oxidized to form SiO(g) and SiO»(g) under oxidizing atmosphereaccompanied by volume
expansion, while the sample mainly produces shrinkage by sintering densification under reducing
atmosphere. The PLCR of the calcined samples with microencapsulation added shows an increasing
trend but all are less than 5%. This is mainly due to the high temperature expansion of
microcapsules. The small volume expansion due to oxidation helped to maintain the structural stability
of ASC castables.The apparent porosity (AP) and bulk density (BD) of samples calcined in air or
reducing atmosphere are shown in Fig.6(b). With the increase of microcapsules content, AP of ASC
castables increased, while BD decreased. The increase of AP was caused by the rupture of
microcapsules, Al and Si oxidation and the in-situ formation of whiskers and fibers, while the
decrease of BD was due to the expansion of its volume more significant than its weight change. The
cold modulus of rupture (CMOR),cold crushing strength (CCS) and high temperature modulus of
rupture (HMOR) of samples calcined at 1450 °Cin air and reducing atmosphere are shown in Fig. 6
(c) and Fig. 6 (d), respectively.As can be seen from Fig. 6 (c), when the addition number of
microcapsules was greater than 4 wz.%, the CCS of the samples calcined in oxidizing atmosphere and
reducing atmosphere basically remained at ~100 MPa. However, when the addition amount is 8 wz.%,
the CCS of the samples calcined in oxidizing atmosphere slightly increased while that of the samples
calcined in reducing atmosphere slightly decreased. This may be caused by the poor sintering effect
of the latter, which was also consistent with the results in Fig. 6 (b). Simultaneously, the CMOR of
all samples basically remained at about 13 MPa. When the addition number of microcapsules varied
between 4 — 8 wt.%, the CMOR of samples calcined in oxidizing atmosphere or reducing atmosphere
showed a trend of first decreasing and then increasing. In addition, as shown in Fig. 6 (d), the HMOR
of all samples calcined in oxidizing atmosphere or reducing atmosphere increased with the increase
of microcapsule addition amount, except that HMOR of samples with 8 wz.% microcapsule addition
amounts in oxidation atmosphere decreased slightly. Besides, the HMOR of the sample with 6 wt.%

microcapsules addition calcined in oxidizing atmosphere was 2.8 MPa, which was 47.3% higher than



the corresponding HMOR value of 1.9 MPa of the blank sample. Moreover, the HMOR of the sample
with 8 wz.% microcapsule addition calcined in reduction atmosphere was 4.8 MPa, which was 220%
higher than the corresponding HMOR value of the blank sample of 1.5 MPa.Fig. 6 (e) shows the
effect of microcapsules amount and sintering atmosphere on the CMOR, CMORgs and 7 of samples
after thermal shock resistance 5 cycles. For ASC castables calcined in oxidizing or reducing
atmosphere with different microcapsules added, the CMOR range of the samples subjected to 5 cycles
thermal shocks was 1.25 — 2.10 MPa and 2.87 — 6.45 MPa, respectively. The 7 value of the samples
calcined in the oxidizing atmosphere after 5 cycles thermal shocks had a small variation range, all
within 11-17%. However, the 5 value of the samples calcined in reducing atmosphere after 5 cycles
thermal shocks varied from 20% to 50%. In particular, the 7 value of the sample calcined in reducing
atmosphere with 6 wz.% microcapsule addition was up to 50% after 5 cycles thermal shocks, showing
excellent high temperature performance. Therefore, it is concluded that the addition of microcapsules

improved the comprehensive properties of ASC castables.

3.3. Oxidation resistance and slag resistance of ASC castables

52.9%

F Carbon ricl Carbon tie “arbéh ric ; Carbon rich
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Fig. 7. Effects of the addition of microcapsule on oxidation resistance and slag resistance of
ASC castables. (a) Oxidation resistance behavior contains cross-sectional images and
oxidation index of samples calcined at 1100°C for 3 h in an air atmosphere and (b) Slag
resistance behavior contains digital photographs of cross sections of crucibles and slag erosion

index after slag corrosion at 1450°C for 3 h.



Oxidation resistance behavior contains cross-sectional images and oxidation indexof samples
calcined at 1100°C for 3h in an air atmosphereare shown in Fig. 7 (a). To observe the oxidation of the
samples more clearly, the samples were divided into a non-oxidised region (carbon-rich area) and an
oxidised region (gray area). With the increase of microcapsules addition, the non-oxidised region area
of the samples initially increased and then decreased.Even if the number of microcapsules was 8 wt.%,
the non-oxidized zone area of the sample was still much larger than that of the materials without
microcapsules. In addition,the oxidation index of the sample without microcapsules is the largest,
while the oxidation index of the sample with 6 wz.% microcapsules is the smallest which decreased
by 45% compared with the former.This is supposed to be because the microcapsules break up at high
temperature and the exposed Al and Si reacts preferentially with oxygen, protecting the carbon.
However, when the addition of microcapsulesexceeded 8 wz.%, itsAPand internal defectsbecame

larger, which was not conductive to improving the oxidation resistance of samples.

Table 3 Comparison of properties of ASC castables with different antioxidant types and

addition amount.

(Si+BC4) Si+ Graphitic =~ Al+Si+ALO3—

Species . Si . STCMPs
+Si,BC3N carbon spheres B,0O3; composite
Antioxidant 0.0L w100
it 2.8 wt.% 2.0 wt.0 O wi.7o
Addition W 1.5 wt.% MY 001w 4-8wt%
amounts +05 WZ.% +20 WZ.% + 20 WZ.%

Samples preparation 4 0c X3 1500°CX 3h  1450°Cx3h  1500°CX 3h  1450°CX 3h

conditions
Alr 13 MPa 14.5 MPa 7.4 MPa 9.93 MPa 15.40 MPa
atmosphere
CMOR, MPa Reduci
caueing 16 3 Mpa 17.7 MPa . . 19.0MPa
atmosphere
Conditions 1 cycle, ‘ 1 cycle, ‘ 3 cycles, ‘ i 5 cycles, ‘
900 °Cx30 min 1100 °Cx30min 1100 °Cx20 min 1100 °C x 30 min
Thermal )
shock Alr 65.9% 28.2% 28.5 % . 17%
resistance atmosphere
Reducing - 34.3% - - 50%
atmosphere
Conditions 1400°Cx0.5h 1400°Cx 1.0h 1450°Cx0.5h 1450°Cx0.5h 1400°Cx0.5h
HMOR. MPa atmfsghere 3.15MPa  3.25MPa 4.7 MPa 1.67 MPa 2.8 MPa
Reducing = ¢y rpy 3.5 MPa . . 4.8MPa
atmosphere
0
Oxidation index - - - 28.9 % 29%,
1100°CX5h
1.5%,

Slag erosion index - - - -
1450°CX 3h



Brown Brown fused Brown fused Brown alumina,

Main raw materials alumina, SiC  alumina, SiC alumina, SiC SiC

Bauxite, SiC

Refs. [10] [21] [6] [5] this work

Slag resistance behavior contains digital photographs of cross sections of crucibles and slag
erosion indexafter slag corrosion at 1450°C for 3hare shown in Fig. 7(b). The five crucible samples
remained intact after the slag resistance test and the interface between the slag and the crucible was
clearly distinguished. Severe corrosion occurred mainly at the three-phases junction of air-slag-
sample, especially for the sample without microcapsules added.It can be seen from Fig. 7(b) that the
sample without the microcapsules had the largest slag erosion index while the sample with 6wt.%
microcapsulesshowed the best slag erosion resistance. Since this sample had the best oxidation
resistance, there was more graphite as well as whiskers/fibers in their matrix, which improved its slag
erosion resistance.

The performance comparison of ASC castables with different raw materials, antioxidant types
and addition amount, as summarized in Table 3.Under the condition that the main raw material was
bauxite and the dosage was up to 60 wt.%, the ASC castables prepared in this study had outstanding
comprehensive properties. The results showed that adding surface coated microcapsules was a

feasible way to improve the performance of ASC castables.
4. Conclusion

Surface treated composite metal powders (microcapsules) were prepared and added to ALLOs-
SiC-C refractory castables, and the following conclusions were obtained:

(1) SiC and mullite whiskers/fibers are formed in-sifu at high temperature when the
microcapsules are added to Al,O3-SiC-C castables, which greatly promotes the cold modulus of
rupture (CMOR), cold crushing strength (CCS) and high temperature modulus of rupture (HMOR).

(2) Compared with the corresponding samples without surface treated composite metal powders,
the high temperature modulus of rupture (HMOR) of the calcined samples with 6 wt.% STCMPs
addition in oxidizing atmosphere and 8 wz.% STCMPs addition in reducing atmosphere increased by
47.3% and 220%, respectively.

(3) The oxidation index and slag erosion index decrease by 45% and 74% respectively for the

samples with 6 wt.% STCMPs, compared with the microcapsule free material.
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